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[bookmark: _Toc73431473]Abstract
Using Social Network Analysis framework to analyse the influence of project stakeholders on process and product innovation, this study set out to understand the stakeholders and activities that can lead to process and product innovation in a Greenfield, Downstream Oil and Gas EPC project. Deriving their position from having a high number of interactions and occupying a central position in social network, the Engineering Manager, the Cost Control Manager/ Procurement Engineer, and the Senior Construction Engineer were identified as the most influential stakeholders in Process Innovation in the Engineering, Procurement and Construction Phases respectively. For the same reasons, the Engineering Manager, Cost Control Manager/Procurement Engineer, and Senior Quality Assurance/ Quality Control Engineer were identified as the most influential stakeholders on product innovation in the Engineering, Procurement and Construction Phases, respectively. Based on being the most senior decision maker in the whole EPC project, Engineering Manager was found to have the highest level of influence on process innovation. For the same reasons, the Project Manager was identified as most influential stakeholder on product innovation. 
In terms of activity nodes, the most influential on both process and product innovation were identified as those having many connections with other nodes giving them access to important information flows. The most influential activity nodes on process innovation were identified as “IPF (SIL Review)” for Engineering, “Weekly Procurement expediting meetings with Contractor and Vendors” for Procurement, and “Fire water Tank – Final Testing” for the Construction Phase. Also based on the number of node connections, the most influential activities on product innovation were identified as: IPF (SIL Review) for Engineering, “Suction K.O. drum – prepare and Issue MR” for Procurement, and “Mechanical (Equipment) – HIPS Installation” for the Construction Phase. Because of its high number of connections, highly central Network position, and ranking higher in the hierarchy in terms of decision making, “IPF (SIL Review)” was identified as the most influential activity on both Process and Product innovation for the entire EPC project.
[bookmark: _Toc3807911][bookmark: _Toc73431474]ملخص البحث العلمي
[bookmark: _GoBack]باستخدام نظام تحليل الشبكة الاجتماعية لتحليل تأثير أصحاب المصلحة في المشروع على الإبتكار في العمليات والمنتجات ، تمت هذه الدراسة لفهم تأثيرأصحاب المصلحة والأنشطة على الإبتكار في العمليات والمنتجات في المشاريع  المستحدثة المتعلقة بالهندسة و التوريد و الإنشاء في عمليات المصب في قطاع النفط و الغاز  .
نظرا لموقعهم الحيوي نتيجة وجود عدد كبير من التفاعلات وإحتلال منصب مركزي في الشبكة الاجتماعية ، تم تحديد المدير الهندسي و مهندس المشتريات ومهندس الإنشاءات كأكثر أصحاب المصلحة تأثيرًا في عملية الإبتكار في الهندسة ومراحل التوريد والبناء على التوالي. وللأسباب نفسها ، تم تحديد مدير الهندسة و مهندس المشتريات وكبير مهندسي ضمان و مراقبة الجودة كأصحاب المصلحة الأكثر تأثيرًا على إبتكار المنتجات في مراحل الهندسة والمشتريات والبناء  على التوالي.
 نظرا لكونه صانع قرار مؤثر في مشاريع الهندسة و التوريد و الانشاء ، فقد وجد أن مدير الهندسة يتمتع بأعلى مستوى من التأثير على الإبتكار في العمليات. وللأسباب نفسها ، تم تحديد مدير المشروع باعتباره صاحب المصلحة الأكثر تأثيرًا على إبتكار المنتجات.
في حين تم  تحديد الأنشطة الأكثر تأثيرًا في عمليات الإبتكارعلى أنها تلك التي لها العديد من الروابط مع الأنشطة الأخرى مما يتيح لها الوصول إلى تدفق المعلومات الهامة. 
لقد تم تحديد النشاط الأكثر تأثيرًا على الإبتكار في العمليات على أنها عملية مراجعة مستوى الامان و السلامة في مرحلة التصميم الهندسي. كما أن عمليات تسريع عمليات الشراء كان لها الأثر الأكبر في الإبتكار في عمليات التوريد . في حين ان الإختبارات النهائية كان لها التأثير الأكبر في عمليات الإبتكار أثناء تنفيذ المشروع. 
بالإضافة إلى ذلك كان لعمليات مراجعة شراء المعدات و نظام حماية السلامة العالي الأثر الأكبر في الإبتكار الفني خلال عمليات الانشاء ، في حين أن عملية مراجعة مستوى الأمان كان لها التأثير الأكبر في إبتكار المنتجات أثناء جميع مراحل المشروع .
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1. [bookmark: _Toc400459742][bookmark: _Toc73431480]Introduction
[bookmark: _Toc12572972][bookmark: _Toc73431481]Introduction
This introductory chapter outlines the research background in section 1.2, context in section 1.3, research questions in section 1.4 and purpose in section 1.5. Additionally, this chapter lists the significance and scope of the research in section 1.6 and definitions of terms in section 1.7. Finally, section 1.8 outlines the thesis chapters. 

[bookmark: _Toc73431482]Background
The oil and gas industry  is divided into the upstream activities involving exploration, production and crude oil transportation to refineries; midstream activities involving refinery and transportation of refined products; and downstream activities dealing with the primary distribution and storage of product, its secondary distribution, marketing and selling (Sahebi et al., 2014; Kazemi and Szmerekovsky, 2015; Lima et al., 2016).  Division between the midstream and downstream activities tend to get blurred as there is some overlap in some of the aspects hence some authorities divide the industry into two broad categories: upstream and downstream (Milza, 2016) with midstream activities being categorised as downstream. 
The oil and gas sector as a whole is in a state of continuous change as players seek to balance operational efficiency and the need to reduce environmental footprint.  Changes in the sector call for increased innovation as it is currently dealing with an unfolding reality that has challenged industry traditional practices raising questions on industry players’ ability to envisage an alternative future and to pursue business models that address customer demands (Bryant and Rao, 2017) in order to remain competitive (Hassani, Silva and Al Kaabi, 2017). Projects in the downstream sector of the industry are largely implemented through Engineering Procurement and Construction (EPC) project contracts. An  EPC Project is ‘‘… a complex transaction involving a set of products, services and construction works designed specifically to complete a specific asset for a customer within a certain period of time: a building, a turnkey factory, a power plant, a weapons system, or the like’’ (Cova and Hoskins, 1997 cited in Mahmoud – Jouinin et al., 2004, p.261).
Although EPC projects are known for faster delivery using cross-functional teams and presenting opportunities for innovation (Singh and Tiwari, 2015), in the construction industry, which is a part of EPC projects, they have been associated with low levels of innovation (Construction Industry Institute, 2010).  This has been attributed to focusing more on maximising the current value system, not having mechanisms for implementing new ideas, and the absence of economies of scale among EPC project participants (Construction Industry Institute, 2010 citing Hamel, 2006; Sawhney and Walcott, 2004; LePatner, 2007 respectively). This is despite EPCs having parallel activities involving multiple specialists within the same project (Mahmoud-Jouini, Midler and Garel, 2004), a situation that has been found to influence innovation in a project given that among drivers of innovation is relationships-based knowledge sharing.
While this is the general view, innovation has been associated with organisational context (Biscotti, D’Amico and Monge, 2018) and in that regard it can be expected that some context specific factors could influence innovation within an EPC project. This study explores a single EPC project to allow for full understanding of the organisational context issues (systems, processes, and beliefs) that influence the behaviour of individuals within it (Gibson and Birkinshaw, 2004).  Within this context, focus is on the relational aspects as reflected in stakeholder relations in view of Alhaj’s (2016) finding that organisational context influences innovation through its influence on social capital and knowledge sharing, both of which relate to stakeholders.

[bookmark: _Toc12572974][bookmark: _Toc73431483]Context
This study focuses on EPC projects in the oil and gas downstream sector which is operationalised as referring to secondary transportation involving distribution infrastructure for moving the product from the refineries to the end users, storage facilities and the selling of products to wholesale and retail customers (Sahebi et al., 2014; Lima et al. 2016 citing Fernandes et al., 2013). The projects have more complex infrastructure, technology and operations compared to what is found in upstream projects. Downstream projects usually have more stakeholder groupings than upstream projects a situation that is likely to present opportunities for stakeholder influence on projects.
Projects in the oil and gas industry are capital intensive and have long lifecycles characterised by detailed planning during the early stages involving project conceptualisation, feasibility, and definition as a way of reducing the project’s risk exposure. This is followed by the end user engaging a contractor to handle the engineering, procurement and construction (Wolf, 2010) phases of the project to deliver an asset in an operational state. The EPC project phase is a multipart, multi specialist service providers transaction that involves “a set of products, services and construction works designed specifically to complete a specific asset for a customer within a certain period of time’’ (Cova and Hoskins, 1997 cited in Mahmoud – Jouinin et al., 2004, p.261). The project organisation of an EPC project consists of the project manager and their team as the internal organisation and multiple other service providers coordinate by the main contractor being the external organisation (Ritsche, 2014). The project manager is responsible for managing the interface of the internal organisation and the external organisation.  Interfaces among members of the project organisation (both internal and external) influence the outcome of the project and therefore also influence the levels of innovation in the project.
Downstream projects are characterised by more complex infrastructure, technology and operations compared to what is found in upstream projects. Further in downstream projects the products are multiple and involving many technology suppliers. The products’ customers are also multiple. In that regard downstream projects usually have more stakeholder groupings than upstream projects a situation that is likely to present opportunities for stakeholder influence on projects.
The Construction Industry Institute (2010) identified enablers of innovation in that sector which include human resources, leadership, learning, collaboration and customers. Persaud (2007 citing Teece, 1986) also highlighted collaboration as a critical driver of innovation. Also confirming the importance of collaboration, Inkinen (2015) found social capital to be an important factor in the achievement of high levels of innovativeness through generation of productive ideas and collaboration within an organisation. The highest impact on product innovation has been found to be from external social capital while that for process innovation has been found to be from internal social capital (Prester et al., 2016). Social capital resides in project stakeholders and according to Rogers (2003 cited in Hassan Al-Ali, 2017), innovation depends on individuals within the network of stakeholders in the project sharing information. This could be through communication, coordination, information exchange, and conflict resolution (Shen et al., 2018). Since interface management has been positively associated with EPCs (Shokri et al., 2015), stakeholder influence on innovation in a project can be expected to be related to the state of relationships as reflected by communication, coordination and collaboration. Where interface management includes engagement of stakeholders as part of building trust among them, it can be expected that there is flow of information and therefore relevant knowledge, and that project decisions are arrived at in a manner that facilitates innovation. 
Given the multiple phases of an EPC project and the different internal and external stakeholders in each, engagement of specific stakeholders varies over time so that relevance, mutual influence and participation are important explanatory factors of the relationship between a project organisation and its stakeholders (Wagner Mainardes, Alves and Raposo, 2012). Along the same vein, stakeholder involvement and therefore influence on a project can also be expected to fluctuate in line with their level of engagement as determined by relevance issues (Jonas et al., 2018) or the value they are perceived to be adding. Watson et al. (2017) found that formal organisational structures and processes developed for managing stakeholder interactions explicate how companies engage their stakeholders for sustainability innovation. Formal project organisation structure is more likely to promote the transfer of formal or explicit knowledge. However, Wang and Wang (2012) found that innovation was facilitated by sharing both tacit (informal) and explicit knowledge with tacit knowledge having more influence on the quality of innovation and explicit knowledge having more influence on the speed of innovation and performance. Formal or explicit knowledge is codified institutional knowledge within the organisation and is transmitted through formal channels.  Tacit knowledge resides in individuals and is transmitted through trust based voluntary interactions as it resides in people (Bakker et al. 2006; Kucharska and Kowalczyk, 2016).  It can therefore be expected that where there are high levels of trust among project stakeholders, knowledge sharing is facilitated resulting in higher innovation performance. In that regard, within project innovation value is derived from the network of relationships among stakeholders. This positions Social Network Analysis as a suitable method for tracing the extent of the influence of various experts (stakeholders) on process and product innovation during the different phases of an EPC project (Wu and Chiclana, 2014).
[bookmark: _Hlk53080695]From the perspective of an EPC project and basing on Social Network Analysis, stakeholders constitute a value network consisting of a focal organisation (represented by the main contractor) and its stakeholders who include the various actors in the EPC phases. Social and economic exchanges take place among the stakeholders represented by value flows that may vary indicating the differences in knowledge flows and therefore in levels of influence on innovation. Although it has been noted that innovation involves people experiencing social processes that remodel the way they think, act and interact and in the process leading to knowledge sharing (Andersson, 2007; Hau et al., 2013), and that changes in the oil and gas sector are making innovation an imperative for sustaining competitive advantage (Bryant and Rao (2017), no study was found using Social Network Analysis to analyse stakeholder relationships in the phases of downstream oil and gas EPC projects for purposes of assessing interaction of stakeholders and product and process innovation.

[bookmark: _Toc73431484]Aim, Objectives, Research Questions, and Hypothesis
[bookmark: _Hlk53312578]The aim of this research is to uncover the complexity of interactions among project stakeholders, and product and process innovation in Oil and Gas EPC Projects. This study is utilizing Social Network Analysis to develop a framework for analysing the complexity of interactions among project stakeholders and product and process innovation in the downstream oil and gas sector in the United Arab Emirates (UAE). By utilizing the social network analysis, we will be able to model the complexity of interactions. It is anticipated that better understanding of the complexity of these interactions, will reveal most influential stakeholders on process and product innovation during each phase in Downstream Oil and Gas EPC projects. 
To achieve its aim, the study has the following objectives:
1.	To identify the most influential stakeholders on process innovation in EPC project during each phase of the project and during the entire project.
2.	To identify the most influential stakeholders on product innovation in EPC project during each phase of the project during the entire project.
3.	To identify the most influential activities on process innovation in EPC project during each phase of the project and during the entire project.
4.	To identify the most influential activities on product innovation in EPC project during each phase of the project and during the entire project.
5.	To determine how to model stakeholders’ interaction of process innovation in EPC project.
6.	To determine how to model stakeholders’ interaction of product innovation in EPC project. 
7.	To determine whether network measures can be used to better understand the complexity of the EPC project. 
This study employs Social Network Analysis method to derive an understanding of stakeholder interactions, and process and product innovation in a downstream oil and gas EPC project in the United Arab Emirates (UAE) through conducting a case study of Alpha Gas Compressor Station. The study seeks to answer the main research question:
How does social network analysis lead to better understanding of the nexus of stakeholder interactions and process and product innovation in a Downstream Oil and Gas EPC project?
The research aims to answer the following questions:
1.	Who are the most influential stakeholders on process innovation in the EPC project during the entire project as well as each phase of the project?
2.	Who are the most influential stakeholders on product innovation in the EPC project during the entire project as well as each phase of the project?
3.	What are the most influential activities for each phase of the EPC project as well as during the entire project on process innovation?
4.	What are the most influential activities for each phase of the EPC project as well as during the entire project on product innovation?
5.	How can the stakeholders’ interaction of process innovation in the EPC project be modelled?
6.	How can the stakeholders’ interaction of product innovation in the EPC project be modelled?
7.	Can the network measures be used to better understand the EPC project complexity?
The study’s hypothesis is that using social network analysis to map out the complex stakeholder interactions in a downstream oil and gas EPC project facilitates an enhanced understanding of process and product innovation occurring during the various phases of the project and throughout the project.  By using complexity science tools, it is anticipated that there is a significant improvement in the understanding of the stakeholders’ interactions. This understanding will improve our knowledge of stakeholders’ engagement toward product and process innovation in Oil and Gas EPC project.  By uncovering the complexity of these interactions through the analysis of the case study, we will be able to achieve the aim and objectives of the research and improve our knowledge in process and product innovation. Similar studies have used complexity science tools to gain a better understanding of the relationships among different actors to enhance resilience and knowledge of organizational systems (Binsarra, 2016).

[bookmark: _Toc12572976][bookmark: _Toc73431485]Significance and Scope
Significance
The significance of this study lies in the methods used and their resultant practical contribution towards understanding the role of specific stakeholders to process and product innovation within the Greenfield downstream oil and gas sector in the United Arab Emirates. The study contributes towards closing gaps in EPC projects innovation related literature in five areas: extending application of social network theory to the EPC domain; focused single project dissection of stakeholder interaction at individual EPC phase level; building institutional innovation memory; establishment of lessons grounded in real-life project experience; and leveraging formal documents as sources for tracing innovation; 
Extending application of social network theory to the EPC domain: The temporary nature of EPC projects and their involvement of multiple actors in a short-term target focused relationship has been noted to present opportunities for collaboration, knowledge sharing and therefore innovation. The significance of this study in that regard is in its extending the application of social network theory, to map out the complex multi actors’ relations and activities in a manner that captures their interaction with process and product innovation outcomes in an EPC project.  
Focused single project dissection of stakeholder influence: Since innovation is associated with organisational context (Biscotti, D’Amico and Monge, 2018), this study’s focus on a single project is significant in as far as the approach lends itself to full understanding of organisational relational aspects given that organisational context has been found to influence innovation through its influence on social capital and knowledge sharing (Alhaj, 2016).  Single project focus facilitates dissecting of stakeholder networks at each phase of the EPC project to identify parts of the project with high stakeholder interaction and innovation. This is significant as it can enable project organisations to leverage aspects of stakeholder interactions or relations that are most associated process and product innovation outcomes.
Building institutional innovation memory: Problems of low margins, volatility of prices and changes in the downstream oil and gas sector mean innovation is critical for business survival (Bryant and Rao, 2017). Yet, because projects in the downstream sector are generally implemented in the form of EPC contracts, they tend to focus more on on-time project completion without much regard for preservation of innovation data as part of the contracting organisation’s institutional memory for future projects. The significance of this study is in its retrospective analysis of a completed project to derive data on areas and sources of process and product innovation that can be used in future related projects.
Lessons grounded in real-life experience: Use of multiple cross functional and cross organisational teams in EPC projects lends itself to innovation (Singh and Tiwari, 2015), the speed with which the projects are implemented however precludes identification and harnessing of emerging innovations as the focus is timely project delivery (Construction Industry Institute, 2010). This study is premised on analysing stakeholder and activities linkages, post project completion. Such an approach is significant in two ways. First, the data collected is not based on suppositions or assumptions but is grounded in what actually transpired. Second, the data is collected when the actors or providers of the data are no longer in a pressured environment and can assess documented evidence of innovation in a dispassionate manner.
Use of formal data based on lived experiences: The study uses formal data created during the subsistence of the project as opposed to being entirely based on memory. Identified product and process innovations and their origins are grounded in formally documented data.  Use of formal data enables the study to contribute context sensitive lessons for future projects that can be cross checked with the data from which they are derived. 

Scope
Realising that EPC projects are complex, the scope of this study is limited to a single EPC project. Focusing on a single case has been accepted as a valid form of inquiry when exploring complex issues where social interactions are at the centre of an investigation (Harrison et al., 2017).  Further the study will limit itself to those stakeholders who would have been identified through the EPC project’s Activity Distribution Matrix.

[bookmark: _Toc73431486]Definition of Terms
For purposes of this study the following definitions will be used for the key concepts: 
Downstream oil and gas sector: “… network of petroleum companies, which acts over a system comprised by refineries, distribution depots, transportation modes and routes that cumulatively satisfy the retail customer demands.” The “ … network comprises the refining, logistics and commercialization of the petroleum products importation and exportation activities, refining operations, primary distribution, storage activities, secondary distribution and local distribution.” Fernandes et al. (2013, p. 1559).  
Stakeholder: a person, a group or an institution, internal or external, that may be affected or may affect the planned actions of the project (Bjugn and Casati, 2012 citing Jepsen and Eskerod, 2009).
[bookmark: _Hlk41938503]Innovation:  “… the implementation of a new organisational method in the firm’s business practices, workplace organisation or external relations” (Oslo Manual OECD, 2005, p. 51) resulting in “the creation of substantial new value for customers and the firm by creatively changing one or more dimensions of the business system” (Sawhney, Wolcott and Arrowniz, 2006, p.76). 
Process innovation: introducing new technological or organisational ways of producing goods or services that yield positive changes giving the implementing organisation a competitive advantage in dynamic sectors (Reichstein and Salter, 2006; Meeus and Edquist, 2006).  
Product innovation: making available a new product or one with significantly changed characteristics to potential users; product improvements; line extensions; new markets; new uses; new category entries; and new to the world products (Kahn, 2018).
Social network: a set of ‘entities’ that are distinct, are uniquely identifiable and their number is known and therefore fixed that are linked through relationships designated as lines, paths or ties which may show the direction of information flow (Woodland, Barry and Roohr, 2014; Butts, 2008).
Social Network Analysis: Methods used to measure, represent and analyse the structure of social relationships.

[bookmark: _Toc12572977][bookmark: _Toc73431487]Thesis Outline
This chapter introduced the study by discussing its background and context and its purpose and significance. The rest of the study flows as follows: Chapter 2 provides background information on the downstream oil and gas sector. The chapter discusses relevant literature on characteristics of the sector, the general nature of projects in the sector and their project life cycle management with most of the focus being on the EPC project phase. Chapter 3 discusses literature on innovation within a project life cycle. It is noted that there are multiple definitions of innovation with the general consensus being that it results in the introduction of something new and valuable as determined by the major stakeholders. Chapter 4 reviews literature on project stakeholders. The concept of project stakeholders is defined noting that at its core is that of individuals affecting or being affected by organisational activities as it seeks to attain its objectives. This is followed by a discussion of   perspectives of stakeholder theory, the process of identifying and classifying stakeholders and stakeholder power and influence. Stakeholder management is discussed from the perspective of interface, engagement, and implications for innovation. It is noted that the relationship between a project and its stakeholders is one of continuously influencing each other. The chapter concludes by discussing methods of measuring stakeholder influence in a project. Chapter 5 discusses stakeholder analysis within the context of Social Network Theory based on the premise that project stakeholders constitute a social network.  Stakeholder networks are discussed through analysing the WBS at each phase of an EPC project and mapping out the flow of knowledge and information as proxies of possible levels of product and process innovation within an EPC project. Engineering’s central role of translating functional requirements into detailed drawings and specifications that reflect all aspects of the project deliverables is discussed. In view of the complexity of relationships within EPC projects, Design Structure Matrix (DSM) is discussed as a tool for mapping stakeholder relationships to facilitate understanding the interaction of stakeholders and innovation in an EPC project. Chapter 5 concludes the study’s literature review section. The subsequent chapters focus on: Methodology and methods (Chapter 6); findings presented in four chapters focusing on Engineering (Chapter 7), Procurement (Chapter 8), Construction (Chapter 9) and the whole EPC project (Chapter 10); Discussion of the findings (Chapter 11); and Conclusion (Chapter 12). Figure 1.1 illustrates the research outline.
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[bookmark: _Toc72704069]Figure 1.1: Thesis Outline	
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[bookmark: _Toc73431488]Downstream Oil and Gas Sector
[bookmark: _Toc12572979][bookmark: _Toc73431489][bookmark: _Ref159400766]Introduction
[bookmark: _Hlk41726240]This chapter reviews relevant literature on characteristics of the oil and gas sector, challenges in the downstream part of the sector, general life cycle of projects and characteristics of EPC projects in the sector.  Characteristics of the oil and gas sector are discussed in Section 2.2 covering  a discussion of the downstream oil and gas sector, its key drivers, activities and products, industry traditional practices, and challenges (2.2.1 – 2.2.5), and characteristics of the sector in UAE (2.2.6). Further the chapter discusses approaches to Project Life Cycle specifically straight forward, control oriented, quality oriented, risk oriented and fractal approaches and the consensus on the characteristics of effective Project Life Cycle Management (2.3) It concludes by focusing on projects in the downstream oil and gas sector (2.4 – 2.5).

[bookmark: _Toc12572980][bookmark: _Toc73431490]Characteristics of the Oil and Gas Sector
The oil and gas supply chain has three distinct sectors: the upstream, midstream and downstream. The upstream sector activities include exploration, production, and crude oil transportation to refineries. Midstream sector encompasses refinery and transportation of refined product. Downstream sector activities deal with the primary distribution, product storage, secondary distribution, marketing and selling (Sahebi et al., 2014; Kazemi and Szmerekovsky, 2015; Lima et al., 2016). The three sectors are discussed in more detail in sub-sections 2.2.1 – 2.2.3.
Lima et al. (2016) identified the following characteristics of the oil and gas sector: The inventory is a fungible commodity that cannot be identified individually. It can be traded several times before it is sold to the final end-use. Because of the longer life cycle of oil products, the product mix is stable and so is the product demand in a specific market. Future demand can therefore be forecast based on historical data and is not necessarily influenced by product innovation and or consumer tastes. Compared to other industries, there are fewer products to be monitored.  Challenges are largely in the planning, scheduling and cost effective distribution of the products (Kazemi and Szmerekovsky, 2015). Those are the areas that present opportunities for added value through innovation in, for example, supply chain optimisation (Dal Mas, Giarola, Zamboni and Bezzo, 2010; Kong, 2002). Improvements in supply chain management have been associated with significant positive economic outcomes (Marcel, 2012; Magalhaes and Shah, 2003). Figure 2.1 illustrates the three sectors of the oil and gas industry.
[image: ]
[bookmark: _Toc72704070][bookmark: _Toc12040722]Figure 2.1: Oil and Gas Industry Sectors (Davcheva, 2019)

There is some overlap between aspects of what is considered as midstream and downstream. Some (for example Milza, 2016) divide the oil and gas industry into two: upstream and downstream combining what is defined elsewhere as midstream with the downstream sector.  In the case of gas, purification of the natural gas to get natural gas liquids and elemental sulphur can be classified as midstream.  For the purposes of this study midstream and downstream will be treated as two distinct sectors. 

[bookmark: _Hlk41727606]Downstream Oil and Gas Sector
[bookmark: _Ref159400842][bookmark: _Toc400459751]The downstream sector includes varied activities such as refining petrochemicals, distribution, wholesale, and retail marketing. Lima et al. (2018) summarise the downstream oil supply chain as involving importation and exportation activities, refining operations, primary distribution, storage activities, secondary distribution, and local distribution. Fernandes et al. (2013 p. 1559) define what they term the downstream petroleum supply chain as: 
“Network of petroleum companies, which acts over a system comprised by refineries, distribution depots, transportation modes and routes that cumulatively satisfy the retail customer demands … . The downstream PSC network comprises the refining, logistics and commercialization of the petroleum products…”
[bookmark: _Hlk14237136]Sahebi et al.’s (2014) define downstream activities as encompassing secondary transport, storage depot, wholesale and retail marketing of oil and gas products. Secondary transportation involves the distribution infrastructure for moving the product from the refineries to the end users including appropriate storage facilities while marketing involves the selling of products to wholesale and retail customers (Lima et al. 2016 citing Fernandes et al., 2013). Figure 2.2 illustrates downstream activities. 

[image: ]
[bookmark: _Toc72704071]Figure 2.2: Downstream petroleum supply chain (Fernandes et al, 2013)

Oil and Gas Downstream sector’s value chain and players are as illustrated in Figure 2.3.
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[bookmark: _Toc12040723][bookmark: _Toc72704072]Figure 2.3: Oil and Gas Value Chain (The World Bank, 2009)

The downstream sector is a complex margin business that requires participating companies to have a global perspective involving working with marketing and delivery of the product to the end user.  The main players in the downstream sector are integrated companies and independents. Integrated companies have business operations across all the sectors of the oil gas chain; upstream, midstream, and downstream segments of the oil and gas supply chain. Independents are companies that do not have upstream operations (Davcheva, 2019). 

[bookmark: _Hlk12009977]Downstream Activities and Products
The downstream sector has complex and diverse activities involving refining and marketing and getting the products to the end users. The main participants are global integrated refiners, independent refiners that usually have a chain of service stations to market their products and end user consumers of, for example, gasoline, diesel, jet fuel and marine fuel.

2.2.4.1 Refining process
[bookmark: _Hlk12074475]The oil refining process comprises multiple complicated processes within which planning and maximisation of scheduling play an important part in boosting a refinery’s profitability. Studies have called for the revolutionization of production refineries in line with technological changes and new analytical techniques to reap associated economic benefits (Marcel and Miyake, 2017; Feital et al., 2013). The refining process involves separation, conversion and treatment resulting in light, medium and heavy products. Heavy products are fuel and lubricating oils and petroleum cake. Middle products include jet aircraft fuels, diesel fuel and kerosene. Light products include Liquid Petroleum Gas (LPG), gasoline and naphtha. The gas processing part involves extraction of impurities from the gas and resultant products include piped natural gas, liquefied natural gas (LNG) and natural gas liquids (NGLs). Utility companies are usually responsible for distributing the piped gas to the end users who are mainly commercial, residential, and industrial. Gas also serves as process feedstock for ammonia and methanol among other products. 

2.2.4.2 Oil and gas marketing, distribution, transportation and storage
Marketing activities involve promoting, identifying, and delivering product to customers who require refined fuel products or who operate wholesale networks distributing products to retailers (Davcheva, 2019). A common marketing form of oil and gas products is therefore through retail outlets and directly to bulk consumers such as airports, power stations and the military. Transportation of product from refinery to end user is through established modes of transportation which are: pipeline, road tankers, rail tankers and sea tankers. Because the product is a commodity it is also distributed through virtual exchange, a process that involves using competitors’ depot to reach the target customer.

Key drivers in the Oil and Gas Downstream Sector
[bookmark: _Hlk10878667]Key drivers in the oil and gas downstream sector are movements in crude oil prices, evolving regulations, and expansion of Asian economies (www.mckinseyenergyinsights.com).  On the refining and manufacturing side key drivers are revenues’ dependence on margins; location; configuration; technical skills and high capital requirements. On the distribution, sales, and marketing side are revenues susceptibility to changes in the product supply and demand; location; marketing skills; economies of scale and low capital compared to other segments.  
Neale (2016) noted that the refining and petrochemical sector was facing challenges brought about by new marketing conditions. This has forced industry players to adopt a longer-term view and to invest in new performance improving strategies such as worker upskilling and innovative ways of implementing projects. Among these are petrochemical owners adopting a partnering approach where they partner with international independent and smaller players in the downstream industries. Concomitant to this approach is also collaboration of, or partnering between petrochemical owners and smaller players from the project conceptualisation stage, during front-end loading, right through to the rest of its cycle. Also focusing on challenges facing downstream sector, Pillai (2015) noted that the complex nature of downstream infrastructure implied low profit margins because of stringent requirements so that when implementing projects there tends to be a disparity between the planned and the executed project. The disparities together with continuing changes in the sector present opportunities for innovative solutions that close the gap between what is planned and what is delivered. 

[bookmark: _Hlk12010037]Debunked industry traditional practices
Bryant and Rao (2017) observed that the oil and gas industry is currently dealing with an emerging reality that has debunked industry traditional practices leading to questions on the ability of industry players to envision a different future and to adopt business models that are aligned to customer demand. In a survey of more than 20 main organisations in the oil and gas sector Bryant and Rao (2017)  observed five major trends in the sector namely: the industry being shaped by market forces; businesses migrating from the traditional high cost and complex systems to simplified ones; the industry ecosystem’s primary operating system being under threat; industry players accelerating their “idea to adoption” process through their speed of innovation; and the criticality of maximising asset productivity. Although these changes are largely up-stream, they are bound to have trickle effects on the downstream sector raising the need for innovative responses.
Rui et al. (2017) investigated the cost performance of upstream and midstream oil and gas projects and found that the average overrun cost of the projects was 18% with underestimation being the most common error. While studies have been conducted on projects in the up and midstream oil and gas sector, studies focusing on downstream projects are scant. Downstream projects are characterised by more complex infrastructure, technology and operations compared to what is found in upstream projects. Further in downstream projects the products are multiple and involving many technology suppliers. The products’ customers are also multiple. In that regard downstream projects usually have more stakeholder groupings than upstream projects, a situation that is likely to present opportunities for stakeholder – innovation interaction within projects.

Challenges in the oil and gas downstream sector
[bookmark: _Hlk12010081][bookmark: _Hlk530386541][bookmark: _Hlk7191840][bookmark: _Hlk7191926]Challenges in the oil and gas downstream sector largely relate to transportation and distribution which is the process of moving refined oil from refineries to storage depots and onward transportation to retailing outlets (Lima, Relvas, and Barbosa-Povoa, 2018). In that regard, extant literature on the sector generally focuses on supply chain management (Castro and Mulama, 2018; Lima, Relvas, and Barbosa-Povoa, 2018; Lima, Relvas, Barbosa-Póvoa and Morales, 2018; Fernandes, Sampaio, Sameiro and Truong, 2017.; Lima, Relvas and Barbosa-Póvoa, 2016; Yousefi-Babadi et al., 2017; Azadeh et al., 2017;  Zulkafli and Kopanos, 2018;  Kazemi and Szmerekovsky, 2016; Zhao and Li, 2015; Garcia and You, 2015;  Fernandes, Relvas and Barbosa-Póvoa, 2014; Kazemi, 2016;  Yu, Solvang and Li, 2014).  Hence innovations in the downstream sector focus on addressing challenges of cost effectively getting the product to the consumer. 
Castro and Mulama (2018) investigated the factors to be considered when locating new gas stations in a manner that exploits the benefits of combining product pricing and transportation costs. Using Linear Optimization model and Monte-Carlo simulation they found that 7% higher profits could be achieved from locating retail facilities with due consideration of the transportation network and optimising truck utilisation and route topography. They concluded that since fuel types have different carbon footprint, and optimum price levels influence sales volume of each fuel type, there may be need to evaluate the sustainability of whatever optimum pricing is adopted and to achieve a balance between level of profit and the carbon footprint. This implies the need to satisfy expectations of different stakeholders.
Lima, Relvas and Barbosa-Povoa (2018) studied various sources of uncertainty in the downstream oil supply chain and developed a multi-stage model for optimal tactical planning. They investigated downstream oil supply chain tactical distribution planning under ambiguous market conditions and proposed use of a robust optimisation model. Fernandes et al. (2017) investigated the integration of quality management and supply chain management using practices that are common to both concepts. Their findings indicate that there are synergies between the two which if combined could result in benefits for the organisation. For example, the two have continuous improvement and information sharing and flow as shared practices. The link is further confirmed by Bastas and Liyanage (2018) who, based on a review of literature, noted significant benefits that can be derived from integrating supply chain management and quality management to achieve sustainable management of both.
Other challenges relate to operating capacity of refineries; dealing with heavier and sourer crude oil; stricter environmental regulations that are tightening product specifications; volatile crude oil prices; shrinking margins as a result of new entrants; lack of information knowledge management; increase in global refining capacity; and skills shortages. CGI summarised the challenges as: 
“Economic uncertainty, volatile demand, increasing regulation, sustainability pressures and changing consumer patterns are leading downstream gas companies to rethink their business models and operations. Industry leaders are seeking high performance and profitability through differentiators such as technology, which is driving better strategies, management and results.” (www.cgi.com/en/utilities/downstream-gas).
Noting challenges related to having to process heavier crude, Marafi (2017) highlighted the need for refinery operations to change to be able to meet increasing demand for high quality fuels and satisfaction of strict environmental regulations, 
In dealing with the multiple challenges, organisations are increasingly using project management as a strategy for remaining competitive and creating additional value in their businesses. Successful projects have been associated with increase in sales, reduction of costs, enhanced quality and customer satisfaction (Salazar-Aramayo et al., 2013 citing Lewis, 2000). Lima et al. (2016) identified a number of possible future research streams relevant to the downstream sector among which is information sharing through collaboration; new incentive schemes; merit-based benefits; new performance measures; and a non- competitive supply chain with a cooperative environment. Ghaithan et al. (2017) researched medium-term tactical decision making for the oil and gas downstream supply chain and proposed an integrated multi-objective optimisation model focusing on total revenue maximisation, total cost minimisation and maximisation of service levels. 
Notwithstanding challenges associated with the downstream oil and gas sector, market pressure in the oil and gas industry and the desire to maximise value from crude oil production has seen producers increasing investment in the downstream sector, UAE being a case in point.

UAE Downstream Oil and Gas Sector 
Major players in the oil and gas sector in UAE are national oil companies, Mubadala Petroleum which is a wholly owned subsidiary of Mubadala Investment Company owned by the Government of Abu Dhabi and Crescent Group which is privately owned. National oil companies include Abu Dhabi National Oil Company (ADNOC), Emirates National Oil Company (ENOC), Dubai’s NOC; Sharjah National Oil Company (SNOC); and RAK Gas (U.S.-U.A.E. Business Council, 2019). Also involved in the downstream sector are some international oil companies such as Chevron (storage, aviation fuel and distribution of lubricants); OMV; Compañía Española de Petróleos; S.A.U. (Cepsa); India’s Oil and Natural Gas Corporation (ONGC); China National Petroleum Corporation (CNPC) and China ZhenHua Oil Company (U.S.-U.A.E. Business Council, 2019). Occidental Petroleum, BP, Eni, ExxonMobil, Royal Dutch Shell, and Total are involved in both exploration and production.
As a matter of policy, UAE, especially Abu Dhabi, has undertaken to invest heavily in midstream and downstream infrastructure as part of the strategy to align domestic producers with the Emirates’ 2021 national development goals (U.S.-U.A.E. Business Council, 2019). This is to be achieved through increasing emphasis on refined high value-added petrochemical products.  ADNOC has increased focus on the downstream oil and gas sector as it repositions itself as a downstream player with plans underway to build an integrated refining and chemicals facility earmarked to be the largest in the world (Gnana, 2018). Planned activities include increasing refining capacity and adding new business lines. With specific reference to gas there is a focus on better utilisation of sour gas and forming joint ventures in natural gas processing (U.S.-U.A.E. Business Council, 2019).  Despite its possessing massive proven gas reserves, UAE imports gas largely from Qatar, but also exports, a situation that has made it both a nett importer and exporter of pipeline natural gas (Garcia and Hawes, 2019; World Energy Council, 2014). 
With the new thrust towards downstream oil and gas, there has been a proliferation of projects within that sector to an extent that the development is expected to create 15000 jobs by 2025 (Gnana, 2018). Projects include the recently completed ADNOC’s Taweelah gas compressor station whose aim is to set up a gas network compressor in Taweelah. This is to result in uninterrupted gas supplies to Abu Dhabi and the Northern Emirates (Pipeline Oil and Gas News, 2018). Another is the Shah gas development sour gas plant expansion which aims as expanding the plant capacity by 50% consisting of a gas plant, facilities for gathering gas, product pipelines, plant for sulphur granulation plant, and ancillary facilities and utilities (Protenders, 2019).
The next section discusses characteristics of projects in the oil and gas downstream sector. It however starts with a general discussion of the life cycle of projects.

[bookmark: _Toc12572981][bookmark: _Toc12572982][bookmark: _Toc73431491]Life Cycle of Projects
[bookmark: _Ref159400870][bookmark: _Toc400459752][bookmark: _Hlk12010140]Kerzner and Kerzner (2017) define a project as a series of tasks with a clearly stated objective(s) that need to be performed within a given start and finish timeframe, budget, human and other resources, and involves people from different functions. Salazar-Aramayo et al. (2013, p. 590) define a project as “a complex effort involving interconnected activities, with the purpose of achieving an objective, and a temporary, non-repetitive process.”  Its management involves five standard phases which are initiation, planning, execution, monitoring and closure.  Each of the phases has within it, distinct stages. Each phase has multiple stakeholders who influence the project. The form and level of influence is partly influenced by the nature of the project whether it is a Greenfield or a brownfield project, whether it is upstream, medium stream or down-stream and the industry sector in which it is being implemented. Bonnal, Gourc and Lacoste (2002) identify five project life cycle approaches namely straight forward, control oriented, quality oriented, risk oriented and fractal approach.

Straight forward approach
The straightforward approach (Bonnal et al., 2002) is the most basic format regardless of industry and involves four main phases – initiation, planning, execution and closing. The initiation and planning phases of a project (also referred to as the front-end stage) incorporates activities from idea generation to detailed planning (Aaltonen, et al., 2015). Bonnal et al. (2002) term these ‘pre-project phases’.  It includes project structure, criteria for success, and major deliverables. The stage has high levels of ‘uncertainty, ambiguity, and dynamic stakeholder interactions’ (Aaltone et al. 2015, p.28).  It is at this stage that stakeholders choose the preferred or best design for the actual execution of the project. According to Aaltone et al. (2015) this is the stage at which the positions of stakeholders are shaped and when they have the highest influence on the project compared to later phases.  These early stages of a project are characterised by many strong stakeholders who seek to influence and participate in the project’s decision-making processes. The implementation or execution stage involves putting into action the project’s plan. Bonnal et al. (2002) term this ‘the project phase’. In the petroleum industry this phase is divided into three sub phases, basic design, detailed design, and post project phase. The basic design phase culminates in the award of Engineering, Procurement and Construction (EPC) contracts. The detailed design phase includes construction and commissioning of the deliverable. The post project phase involves the transfer of the deliverables from the engineers to the project owners. This research of the interaction of stakeholder engagement and product and process innovation in projects focuses on the post basic design phase of a project.

Control oriented approach
The Control oriented approach has three main phases: planning, execution, and operation (Bonnal et al., 2002). Planning includes conceptualisation, feasibility, and definition at the end of which a decision is made whether to proceed with the project. The conceptualisation phase takes into cognisance technological innovation, economics, and customer needs. The feasibility assesses the concepts with due consideration of the objectives or desired outcomes leading to deciding the concepts to be taken on to the execution phase where procurement and implementation occurs leading to the operation phase. 

Quality oriented approach
Phases of the quality-oriented approach are conceptualisation, materialisation and turnover or transition phase (Bonnal et al., 2002). During conceptualisation, the project objectives are broken down into smaller readily achievable batches. Materialisation stage is when the most achievable part of the concept is created.  During the transition phase more, achievable parts of the project concept are identified and implemented, and the process continues until all the achievable components of a project are completed. Disintegrating the project into achievable batches ensures that at any given time the project has usable output. Further, components of a project that are not functioning at the required level can be removed without upsetting the rest of the project. The Quality Oriented Approach project life cycle is ideal for technical projects as it allows for changes as the project progresses.
Risk oriented approach
[bookmark: _Hlk532532208]The approach has two basic phases: pre-project focusing on the requirements and project phase focusing on planning, execution, and close-out (Bonnal et al., 2002 citing Lacoste, 1999).  The project phase has three sub-phases: planning, execution, and close-out. The approach has a scenario phase that is between the feasibility phase and project implementation.  The scenario phase deals with risk assessment and planning risk responses.

Fractal approach
In a fractal approach, activities of phases overlap. It addresses situations that are difficult to model. Projects are broken down into sub-projects that all comply with having a pre-project phase focusing on feasibility, and a project implementation phase focusing on execution, and in between a phase for making the decision to proceed or to stop. In this approach decisions are made at several levels and dimensions: at project level they are made by owners of the project’s deliverables, at sub-project level by project managers and at lower levels they are made by managers responsible for work packages (Bonnal et al., 2002).

Consensus on Project Life Cycle Management
[bookmark: _Hlk532545084][bookmark: _Hlk12010213]Notwithstanding the multiple project life cycle approaches, there is consensus that effective Project Life Cycle Management incorporates understanding life cycles within a project and how they interact. This makes it possible to relate roles and responsibilities within the project with its core activities involving planning, estimating, scheduling, monitoring, and control mechanisms (Windapo, Oyewobi and Zwane, 2014). In a study focusing on inherently safer design principles, Windapo et al. (2014) found that project stakeholders within the PLC had different levels of awareness of safety. This implies that the influence or contribution of such stakeholders to that aspect of the project at that stage of the project life cycle would be limited.
[bookmark: _Hlk12433475]According to Jansson and Ljung (2010) projects implemented in organisations are based on the intended goals and purpose guided by the organisation’s strategic intentions.  In this regard five project archetypes are identified: Product development, Marketing, Internal improvement, Customer order and Event projects. The first three archetypes apply to the oil and gas downstream value chain given its focus on product development (through the refinery process), marketing and internal improvement through the marketing and distribution part of the value chain. Each project archetype has phases associated with it.
Product development archetype results from identifying a product need in the market. Its phases are preparation of the implementation proposal and product life cycle estimates, product development and internal product hand-over. Key decisions during product development relate to the product design strategy and at what point to handover to other internal functions such as production and marketing. This project archetype involves many internal stakeholders and its organising guiding principle is that stakeholders must be involved early-on in the project (Jansson and Ljung, 2013). 
Marketing projects come from having identified an opportunity that could be exploited. In a marketing project the phases are assessing market interests; iteratively refining the project strategy and executing marketing activities. Key decisions made are iterative relating to refining the project strategy and whether to continue with the project. Project organising involves top management and managing relations between the delivering organisation and marketing and sales. The iterative process involves project stakeholders (Jansson and Ljung, 2013).
Internal improvement results from realising a need to change the way work is done. Internal improvement project phases are creating commitment; iteratively assessing commitment to the change; refining the project strategy; implementing activities necessary for the change; and transferring to the new work processes. Organising relates to creating commitment, managing resistance to change and priority conflicts.   Decision making is iterative relating to investing required resources for the change to occur and to discard old processes to embrace the new (Jansson and Ljung, 2013).
In all the project archetypes, there is stakeholder interactions which presents opportunities for innovation. Henriksen (2018) avers that where innovation processes are included, project management principles must focus on people management in terms of tasks, stakeholder objectives, project team and leadership, and empowerment.

[bookmark: _Toc12572983][bookmark: _Toc12572984][bookmark: _Toc73431492]Downstream Oil and Gas Sector Projects
[bookmark: _Hlk12010251][bookmark: _Hlk7192436]Downstream oil and gas sector projects take the form of Greenfield projects and brownfield projects. Greenfield projects involve totally new projects built on unutilised ground and therefore having no constraints originating from prior work (Stretton, 2017). Brownfield projects are implemented in already existing facilities and involve expansion, revamping, servicing, demolishing, or renovating of existing structures. In that regard the projects interact with extant operating facilities and therefore raise the need for interaction and management of relationships and legacy issues (Stretton, 2017). 
Oil and Gas Industry projects are highly capital intensive and have long lifecycles. They are characterised by detailed planning during the early stages of the life cycle (Front-end loading) as a way of reducing project risk at a time when making changes to the project is less costly. Front End Loading (FEL) has three phases: conceptualisation, feasibility, and definition. After each phase there are stage gates where decisions are made on whether to continue with the project in view of information at hand. The third phase is followed by the EPC phase followed by the operate phase (Wolf, 2010). This research focuses on the EPC project phase. 

EPC project characteristic
Cova and Hoskins (1997 cited in Mahmoud - Jouinin et al., 2004, p.261) define an EPC project as:
 ‘‘A complex transaction involving a set of products, services and construction works designed specifically to complete a specific asset for a customer within a certain period of time: a building, a turnkey factory, a power plant, a weapons system, or the like.’’
[bookmark: _Hlk7192505]EPC models of project management are widely used in oil and gas projects. In an EPC model the end user or principal engages a contractor to deliver an asset in an operational state having been given a general scope detailing the expected functionality and performance of the final product (www.constructionlawmadeeasy.com/EPCandEPCM).  The project starts at the point of signing of the agreement on contractual terms and ends at Start-Up which is the full production run (Homer, et al., 1993). The contractor is responsible for completing the project design, constructing, and delivering the asset for use. EPC overlaps the design, procurement, and construction stages of a project, described by Helper (n.d.) as interlocking relationships in the project phases, resulting in reduced total project duration while addressing client’s amendments during the project life cycle. The general sequence of an EPC project is: process and equipment design; construction design; procurement; construction; functionality check-out; operational check-out and finally start-up (Homer et al., 1993).
[bookmark: _Hlk7192559]According to Ritsche (2014) the project organisation of EPC projects is not just the project manager and their team but involves the external and the internal project organisation. The external organisation relates to multiple companies or entities (sub-contractors) involved in a project coordinated by a main contractor. The internal organisation in its simplest form has the project manager and their team with the former responsible for the interface with the external organisation, in larger projects the project manager reports to a steering committee that has representatives of organisations involved in the project. Interfaces among members of the project organisation influence the outcome of the project and therefore also have a bearing on the levels of innovation in the project.
[bookmark: _Hlk10967744]Du and El-Gafy (2014) investigated the impact of stakeholder goal incongruence on the proposal development stage of an EPC project and posited that a comprehensive and systematic investigation of human behaviours is necessary in order to understand problems of goal incongruence during project proposal development. Underlining the importance of stakeholder engagement in EPC construction projects Wolf (2010, p.15 citing The Construction Industry Institute (CII) 1987) states that:  
[bookmark: _Hlk10967691]“The pressures and mistakes associated with extreme fast-tracking can easily strain the relationships among owner, engineer, and contractor and destroy the team atmosphere so essential to success. To the workers, rework and waiting for materials translates into incompetent project management – a major demotivator. In an atmosphere of tension and demoralized workers, quality inevitably suffers.”
[bookmark: _Hlk7192643]Arain (2011) found that oil and gas construction projects experienced significant changes because of inadequate design, owner changing scope and specifications, and unforeseen eventualities. This suggests that the problems could be addressed through, among other factors, involvement of the owner at design phase and teamwork, which imply stakeholder involvement. In EPC model the team responsible for delivering the project includes designers, constructors, procurement staff, estimators, and project controls specialists. In such a multi-stakeholder situation success depends on the level of integration in the team (Carlson et al., 2007). Integration brings with it challenges associated with coordinating different project stakeholders (Tang et al., 2008; Du and El-Gafy, 2014). Further the fact that most EPC projects are based on conceptual designs without detailed requirements and specifications, creates the need to manage the interface of various actors within independent but interacting entities (Öztas and Ökmen 2004; Shen et al., 2017) in order to derive innovative value for the project.
[bookmark: _Hlk7199199]In EPC projects design and construction activities occur concurrently, a situation that results or depends on high levels of interaction, exchange of information, and resolving technological conflicts among participants (Shen et al., 2018). As illustrated in Figure 2.3 and explained by Schramm et al. (2010) interface within the EPC project is at multiple points and is both direct and indirect. This presents opportunities for knowledge sharing and therefore innovation. Underlining the importance of knowledge sharing in a project, Du and El-Gafy (2015) found that conceptual estimating can benefit from a combination of artificial and human intelligence derived from tapping into the knowledge resident in experienced estimators.
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[bookmark: _Toc12040724][bookmark: _Toc72704073][bookmark: _Hlk41730508]Figure 2.4: EPC Structure (Schramm et al, 2010) 

[bookmark: _Hlk7236413]A project is considered successful when it is completed within the specified time, within budget, at an acceptable level of quality, and satisfying the expectations of its primary stakeholders (Salazar-Aramayo et al., 2013). The element of satisfying primary stakeholder expectations is the value adding part of a project. According to Salazar-Aramayo et al. (2013) a project can report successful project management even when the project itself was not a success, meaning it would have failed to satisfy stakeholder expectations. Projects are meant to bring about change that translates to added value for stakeholders. Added value has been associated with innovation or doing different things or doing things differently. Value creation comes about through either reduction of transactional costs or through leveraging relations and using collaboration with parties outside the firm to bring about added value (Rojas, 2018). The nature of EPC projects presents opportunities for deriving value from the multiple interface points that are both direct and indirect among various stakeholders. Managing such interfaces in a manner that facilitates knowledge sharing can be expected to result in innovation at the various stages of the project. 

[bookmark: _Toc12572985][bookmark: _Toc73431493][bookmark: _Ref159400943][bookmark: _Toc400459753]Summary 
This chapter discussed literature on characteristics of the downstream oil and gas sector and noted that the projects in the sector are generally either Greenfield or Brownfield with both presenting opportunities for stakeholder interactions with implications for within project innovation. Different approaches to the project life cycle were discussed and it was observed that despite the many approaches it is generally agreed that project life cycle management involves having an appreciation of within project life cycles and how they interface to be able to relate roles and responsibilities within the project.  The complexity and capital-intensive nature of oil and gas sector projects and their characteristic of involving initial detailed planning during the FEL phase were discussed. In the interest of focusing the study, the discussion progressed by concentrating on the post FEL phases, which is the EPC project phase. Given its wide association with downstream oil and gas projects, the EPC model was discussed. Its characteristic of involving multiple actors from the internal and external organisation and the need to manage the interface and sharing of knowledge was deemed to present opportunities for understanding stakeholders’ knowledge sharing which could have implications for within project innovation. The next chapter discusses innovation within a project life cycle.


1. 

1. [bookmark: _Toc73431494]Innovation
[bookmark: _Toc12572987][bookmark: _Toc73431495]Introduction
[bookmark: _Hlk7236572][bookmark: _Hlk41731337]The oil and gas industry is dynamic as it seeks to balance operational efficiency and the need to reduce environmental footprint.  Innovation is therefore an integral part of remaining competitive (Hassani, Silva and Al Kaabi, 2017). Projects in the downstream sector of the industry are largely implemented through the EPC approach yet the EPC industry has been found to be lagging behind others in innovation (Construction Industry Institute, 2010). Reasons for this state have been cited as: over focusing on maximising the current value system; absence of mechanisms for implementing new ideas, and absence of economies of scale among the firms that are part of an EPC project (Construction Industry Institute, 2010 citing Hamel, 2006; Sawhney and Walcott, 2004; LePatner, 2007 respectively). This chapter discusses innovation as a concept (Section 3.2); forms of innovation (Section 3.3); incremental and transformational innovation (Section 3.4); open and closed innovation (Section 3.5); the innovation process (Section 3.6); innovation within the downstream oil and gas sector (Section 3.7) and in EPC projects (Section 3.8); drivers of innovation (Section 3.9) and concludes by discussing innovation measures (Section 3.10).

[bookmark: _Toc12572988][bookmark: _Toc73431496]Innovation as a Concept
Definitions of innovation vary. Schumpeter (1934 cited in Alhaj, 2016) is recognised as the first researcher to define innovation as constituting new products or processes or sources of supply or markets or ways of organising business. For Drucker (1985) innovation is a tool that can be learnt and practiced that is used by entrepreneurs to exploit opportunities. The element of it being learnt suggests some form of interaction in the learning process.  In that regard innovation can be implemented across all organisational activities. Wallace (1995 cited in Lohmuller, 2003, p.11) defines innovation as encompassing “any form of change in technology, production process or organisational and managerial structure and techniques.”  Whether every change constitutes innovation is however disputable as Van de ven (1986) defined innovation as a process (implying that it has stages) involving the generating, adopting, and implementing of novel ideas and practices. The definition has novelty or newness as an integral part. 
[bookmark: _Hlk533099653][bookmark: _Hlk7237182]Vaccaro et al. (2012) defined innovation as a product, or a process, or a distribution method that is viewed as new by the affected organisation. The newness is therefore specific to the organisation experiencing or implementing the innovation. This implies that it could be something copied from another organisation that becomes new when it gets to the organisation that will need to change to embrace the innovation. The view of specificity to an organisation is backed by Assink (2006) who defines innovation as the adoption of new ideas by a specific company. Alhaj (2016, p.26) defines innovation in terms of both the product, the process and the methods as: “accepting, developing, and implementing new products and processes by developing and using new technology, good financial management, and the continuous improvement of skills.” Focus of the definitions is that the newness of what is adopted is specific to an organisation. This suggests that, that the practices may have been adopted elsewhere does not take-away its qualifying to be termed as innovation when applied in a different company. Kim et al. (2012) define innovation as new applications of knowledge or ideas or methods or skills to give an organisation unique capability. According to this definition, that something is new or has been imported into an organisation does not make it qualify as innovation unless if it results in inimitable capabilities.  This definition seems to differ from that of Wallace (1995) where any form of change is regarded as innovation or even with Palangkaraya et al. (2011) who define innovation as the introduction of new forms of production in an organisation. Also adhering to the newness script, Jiménez-Jiménez and Sanz-Valle (2011) define innovation as the adoption of new ideas and or behaviours. The Oslo Manual (OECD, 2005, p. 51) defines innovation as “the implementation of a new organisational method in the firm’s business practices, workplace organisation or external relations.” This definition is close to that given by Sawhney, Wolcott and Arrowniz (2011, p.29) that innovation is “the creation of substantial new value for customers and the firm by creatively changing one or more dimensions of the business system.”

[bookmark: _Toc12572989][bookmark: _Toc73431497]Forms of Innovation
[bookmark: _Hlk7237265][bookmark: _Hlk528825586]Different forms of innovation have been cited in literature. Schumpeter (1983 cited in Alhaj, 2016) classified innovation into five categories: introducing new products which consumers were not aware of; introducing a new method of production; opening up of new markets; establishing new sources for raw materials or inputs; and setting up or spinning off new businesses. Other forms of innovation are in technology; production processes or organisational and managerial structure and techniques (Wallace, 1995);  technological and administrative (Jaskyte, 2011; Damanpour et al., 2009); ancillary (Damanpour et al., 2009; Gonzalez et al. 2013); product and process (Damanpour et al., 2009; Tidd and Bessant, 2011);  position and paradigm (Tidd and Bessant, 2011); incremental and radical (Zhou and Li, 2012); organisation, management and commercial (Wang and Ahmed, 2004; Trott, 2008); product, process or organisation (Camisón and López, 2010; Jiménez-Jiménez and Sanz-Valle, 2011); market, behavioural and strategic (Liao et al., 2012; Ellonen et al., 2008). 
Notwithstanding the various forms identified in literature, they can be summarised into product, process, organisational and marketing.  Schmidt and Rammer (2007) observed that product and process (technological innovation) and organisational and marketing (non-technological innovation) were linked to the extent that marketing innovations go hand in hand with product innovation while technological process innovations go hand in hand with organisational innovation.

0. Product innovation
[bookmark: _Hlk528835437][bookmark: _Hlk7238206][bookmark: _Hlk41802792][bookmark: _Hlk7238275][bookmark: _Hlk41802972]Product innovation involves introducing new goods and or services. It is used by organisations as a way of renewing their product portfolios and also enables them to extend their technical capabilities (Wang and Chen, 2018). Studies have emphasised the importance of product innovation crediting it with having the most impact on organisational performance (Lohmuller, 2003). Overtime, this has changed as it has been found that product innovation can be matched or complimented by processes and service innovation. Product innovation is covered in most innovation literature with process innovation receiving less attention (Marzi et al., 2017). Types of product innovation include cost reduction; product improvements; line extensions; new markets; new uses; new category entries; and new to the world products. Product innovation is linked to an organisation’s marketing strategy since eventually the products must reach the market, hence product innovation focuses on product effectiveness (Kahn, 2018). Using a model with five dimensions: experimentation, risk taking, interaction with the external environment, dialogue, and participative decision making, Alegre and Chiva (2008) studied how an organisation’s product innovation is affected by its learning capability suggesting the importance of knowledge which would include that of market expectations.

0. Process innovation
[bookmark: _Hlk7238371]Process innovation relates to new ways of producing goods and or services that result in positive changes such as reduction of production costs and enhancement of the product or service (Reichstein and Salter, 2006). Process innovation is systemic and interdependent in that it affects both the technological and the organisational aspects of an organisation and requires multi-unit collaboration (Scafuto et al., 2018).  Its aim is to create competitive advantage derived from minimising operational and or manufacturing costs. Other benefits associated with process innovation include serving as a  method for understanding the inputs – outputs relationship;  facilitating the identification of problems, solving them, and preventing their future occurrence;  minimising time spent on processes; facilitating effective and systematic measurement of work; improvement of customer service; providing a mechanism for having an overview or complete view of company operations;  and enhancing  teamwork across different functional areas of a company (Scafuto et al., 2018). 
[bookmark: _Hlk14254211]Focusing on the internal aspects of the organisation, process innovation may be technological or organisational seeking to enhance the efficiency and effectiveness of processes (Scafuto et al., 2018). Fynes et al. (2015) define technological process innovation as an organisational phenomenon involving communal adaptation; technological and organisational change and total impact.  Europa (https//ec.europa.eu) defines it as the adoption of new or improved technological production methods. Also picking on the aspect of adoption of new technology, Zelbst et al. (2012 cited in Fynes et al., 2015) perceive technological process innovation as involving introduction of hardware and software technology. Scafuto et al. (2018) described it as involving enhancement of goods or material or products once sold as commodities, through technical changes making them more productive. It is apparent from literature that technological process innovation involves change in technology whether in the form of enhanced or new technology. Because of the element of change, Fynes et al. (2015) highlight the need for mutual adaptation in the form of congruency between the organisation and the technology. They further highlight the systemic nature of technological process innovation which makes it impact the rest of the organisation. This implies that once such innovation occurs it reverberates throughout the organisation necessitating further innovation. With specific reference to oil and gas, technological process innovation can be expected in the downstream sector where refining and extraction of products presents opportunities for using technological innovation to reduce unit costs of production while increasing quality. Such changes would have implications for the organisation of work throughout the downstream activities.
Organisational innovation as part of process innovation refers to more productive ways of organising work. Some perceive it as part of or linked to technological process innovation since the former depends on technological and organisational changes (Fynes et al., 2015). OECD (2005) defines organisational innovation as the process of implementing novel organisational methods in the practices of an organisation.  It includes using knowledge management, workplace organisation and management of external relations in a manner that has not been previously used by the firm. The new methods are implemented as a result or part of management’s strategic decisions. It includes internal structures, external structures, and information transfer (Lohmuller, 2003).  Various organisational practices are inputs for the organisation’s innovation process and capacity (Mothe and Thi, 2014). These practices include management, production, and external relations. Management incorporates aspects such as knowledge management systems, work arrangements and configuration of work teams. Production approaches include changes to the way work is organised, quality management and business re-engineering. External relations cover issues relating to outsourcing, networking, and customer relations. Organisational innovation has been linked to employee creativity (Ouakouak and Ouedraogo, 2017) and therefore to the ability of management to create an environment that facilitates the creativity.
[bookmark: _Hlk7239208]According to Weiss, Hoegl and Gibbert (2011) innovation in organisations occurs at project level and thus implying that projects and by implication project management presents opportunities for innovation, but it is organisational and individual level factors that facilitate or inhibit innovation. Among these are the capabilities of the project manager in integrating various stakeholder interests and the power structure within the organisation (Hassani, Silva, and Al Kaabi, 2017).

0. Marketing innovation
Marketing innovation involves implementation of novel marketing methods that involve major changes in the design of the product or its packaging, placement, promotion, or pricing (Mothe and Thi, 2010 citing OECD, 2005). Schmidt and Rammer (2007) observed that technological (product and process) and non-technological innovation (organisational and marketing) were linked to the extent that marketing innovations go hand in hand with product innovation while technological process innovations go hand in hand with organisational innovation.

[bookmark: _Toc12040699][bookmark: _Toc72704280]Table 3.1: Table summarising selected forms of innovation
	Authority
	Form of Innovation

	Schumpeter, 1983
	New products; New method of production; New markets; New sources for inputs; Spinning off new businesses

	Jaskyte, 2011; Damanpour et al., 2009
	Technological and administrative 

	Damanpour et al., 2009; Gonzalez et al. 2013
	Ancillary

	Damanpour et al., 2009; Tidd and Bessant, 2011; Camisón and López, 2010; Jiménez-Jiménez and Sanz-Valle, 2011
	Product; process; organisation

	Tidd and Bessant, 2011
	Position and paradigm

	Wang and Ahmed, 2004; Trott, 2008
	Organisation, management and commercial;

	Liao et al., 2012; Ellonen et al., 2008
	Market, behavioural and strategic



0. Innovation as output, process and mind-set
[bookmark: _Hlk41805461]Kahn (2018) posits that there are three ways of looking at innovation: as output; as process, and as mind-set.  As output innovation focuses on the end product, and the strategic question is what you want to see happening. It considers innovation in product, process, marketing, business model, supply chain and organisational. Innovation as process focuses on ways and means of achieving innovation. The strategic question is how innovation is going to be made to happen. It includes adoption of new approaches to developing strategy; structuring activities; organising units; adjusting management and administrative processes and systems; motivating and rewarding staff; and organisational flexibility (Damanpour and Aravind, 2011). Innovation as a mind-set focuses on the state and the strategic question is: what practices and or behaviours must be embraced in order to prepare for the what and the how of innovation? Issues considered in this instance are individuals’ mind-sets and organisational culture. Kuczmarski (1996) views innovation as a mind-set as meaning having a novel way of thinking about a business’ strategies and practices. In a study of a project at Volvo cars, Börjesson and Elmquist (2011) found that the mind-set aspect of innovation was addressed through developing a language used for spreading the knowledge needed to promote innovation; creating an awareness through presentations; internal networking through ‘knowledge nodes;’ developing bridges to facilitate collaboration; and considering the political implications of the project. In an EPC project environment where the actors are from different backgrounds and or organisations, there are opportunities for knowledge transfer and sharing through interfacing different mind-sets and therefore ways of thinking about project strategies and practices. 

[bookmark: _Toc12572990][bookmark: _Toc73431498]Incremental Innovation and Transformational Innovation
Regardless of form, innovation can be gradual and therefore incremental or involve major changes to the point of being transformational or fundamental to the point of being radical (Zhou and Li, 2012).  It can also be perceived as closed or open (Chesbrough, 2011).
[bookmark: _Hlk41806657]Transformational or radical innovation involves adoption of new technology for product, process or service provision resulting in something completely new. It provides radical solutions to a problem which may be disruptive of the market as it previously existed resulting in the transformation of the market and society (Erna, et al. 2019).  An innovation is considered radical when it meets three criteria: is new and different from previous inventions, is unique and therefore different from other current inventions, and has been adopted so that it can influence the future of other inventions (Norman and Verganti, 2014 citing Dahlin and Behrens, 2005). Incremental innovations build on existing knowledge to refine existing processes, products, services, or technologies (Erna et al., 2019) to make them more cost effective and desirable (Norman and Verganti, 2014). It is therefore usually a follow up to some radical innovation through capturing the potential presented by radical innovation and in that regard the two forms of innovation are mutually reinforcing (Norman and Verganti, 2014). Nguyen (2018) found that both forms of innovation are influenced by human capital, top-down knowledge flows and dynamic managerial capabilities. Along the same vein, Erna et al. (2019) found that there was a positive relationship between an organisation’s collaboration with suppliers, customers, and other external partners and both radical and incremental innovation. Nguyen (2018) also found that social capital and bottom-up knowledge flows do not seem to have the same influence while organisational capital was found to have a positive effect on incremental innovation. This suggests that incremental innovation can benefit from management’s exploitation of internal human capital-based knowledge.
With specific reference to the oil industry, Yin (1994) found that incremental innovation in petroleum refinery gave higher returns than those derived from initial radical innovation. Further given the definitions of radical innovation, innovations that occur in downstream oil and gas projects are more likely to be incremental given that radical innovation does not occur frequently, yet that sector is already noted for its low levels of innovation.  Such innovations (incremental) in an EPC project environment would involve multiple players and, in that way, fit in the mould of open innovation.

[bookmark: _Toc12572991][bookmark: _Toc73431499]Open and Closed Innovation
[bookmark: _Hlk41806898]Innovation used to occur in a closed environment within a company based on its strength in research and development. In this instance, competitive advantage depended on being first to get the innovation to market while protecting intellectual property to prevent competitors from benefiting from it. With increase in knowledge workers and the porousness of borders between an organisation and its environment, innovation has become more open as companies involve external stakeholders as they leverage external knowledge in the process of driving internal growth (Chesbrough, 2011; Gronlund, Sjodin and Frishammar, 2010). Open innovation involves collaboration among complementary partners who are all active participants as they co-create innovation for purposes of achieving shared goals (Kobarg, Stumpf-Wollersheim and Welpe, 2019).  Open innovation’s involvement of external collaboration fits EPC type project environments where the main contractor works with several other specialist providers to deliver a client’s project outcome.  A summary of the difference between closed and open innovation is presented in Table 3.2 adapted from Chesbrough (2011).
[bookmark: _Toc12040700][bookmark: _Toc72704281]Table 3.2:  Closed innovation and Open innovation
	Principles of Closed Innovation
	Principles of Open Innovation

	Intelligent people or specialist in the company’s line of business are all within the company
	Some people who know about the company’s line of business are outside the company, the company needs to find them and tap into their knowledge

	To benefit from it its research and development the company must discover, develop and ship value
	External research and development can create significant value. The company should use its internal R&D to tap into some of that value

	[bookmark: _Hlk534135759]If the company discovers the innovation, then they can be the first to get it to market
	The company does not need to originate the research in order to benefit from it

	If the company is the first to commercialise the innovation, they will win
	It is more important to build a better business model than getting to market first

	The company’s winning depends on it creating the most and best ideas in its industry
	The company’s winning depends on it making the best use of both internal and external ideas

	[bookmark: _Hlk534135905]The company must control and protect its intellectual property to prevent competitors from benefiting from it
	The company must benefit from others’ use of its intellectual property and must buy others’ when it advances the company’s business interest




[bookmark: _Toc12572992][bookmark: _Toc73431500]Innovation Process
[bookmark: _Hlk7240259]Innovation is generally presented as a linear process with feedback loops (Penide et al., 2013 citing Galanakis 2006; Boly 2008; and MacGregor et al., 2006).  The process starts from ideation and ends at product launch (Ben Rejeb, 2008 cited in Penide et al. 2013).  Penide et al. (2013) however posits that innovation is a non-linear knowledge transformation process consisting of three main activities namely: sourcing for knowledge relevant to a problem; transforming the knowledge into an innovative physical product or process; new knowledge or intellectual property shared among stakeholders; and finally, exploitation of the innovation. The knowledge transformation process involves use of resources such as internal and external stakeholders, specialised equipment, and knowledge management tools (Penide et al., 2013).  The process operates or functions within the context of a set of objectives relating to maintenance of an innovation culture and management of the innovation project portfolios. Activities in the innovation process are interconnected by information flows, are executed as per availability of relevant information and have feedback loops.  According to Penide et al. (2013) innovative projects are in fact a special case of classical projects and to that extent the process management part of the innovation process involves classical activities of project management which are planning; managing stakeholders; managing the project portfolio; and strategy formulation, communication and updating. 
[bookmark: _Hlk7240406]Extant literature has pointed to similarities between the characteristics of project-based organisations and organisations that support innovation particularly in terms of professionalism, decentralised decision-making, and internal - external stakeholders’ interaction (Rahimi, Kenworthy and Balakrishnan, 2018). Others have posited that innovation is delivered through projects and by implication project management and that the innovation depends on adoption of a stakeholder approach as opposed to process approach to project implementation (Murphy, Heaney and Perera, 2011). The suggestion that the innovation process is part of or is an integral part of a project implies that stakeholders in a project may influence the process. 

[bookmark: _Toc12572993][bookmark: _Toc73431501]Innovation within Oil and Gas Industry
Within the oil and gas sector Swart (2016 citing Doblin Inc. 2008) identified ten types of innovation spread across three categories namely: configuration, offering, and experience innovations. Within the configuration category is talent and assets alignment (structure) in line with how the organisation intends to make money (profit model), the network connections for creating value (network), and the methods used to do the work outside operations (processes). Within the offering category is product performance and product system. The former relates to optimising the effective extraction of core products and the later to innovating the product system in terms of production and use of both product and by-products. The experience category incorporates services that either support or enhance the core operations, the channels that determine interaction with stakeholders and creation of new markets, presentation of the business’ brand, and engagement with customers and stakeholders. Swart (2016) found that 65% of innovation in the oil and gas upstream industry in Canada was focused on the offering (product performance and product system), 29% on configuration and only 6% on experience.
[bookmark: _Hlk7241230]In the downstream oil and gas sector, innovation would largely relate to experience (service, channel, brand and stakeholder engagement.  Thus, for purposes of this study a combination of Alhaj’s (2016) and Sawhney et al. (2011) definitions will be adopted as they go beyond just the products to include processes and methods and, in that way, offering better understanding and giving measurability of the innovation process within downstream oil and gas sector. Innovation in this instance is therefore defined as applying new methods to improve product and service delivery processes (channel) within a business or sector in a way that creates new value for customers. According to this proposed definition, it is not enough that new methods are applied if their application does not translate to added value or new value to the end user. In downstream EPC projects the end user or customer is the organisation that commissioned the project or that contracted the EPC provider. 

[bookmark: _Toc12572994][bookmark: _Toc73431502]Innovation and EPC Projects
[bookmark: _Hlk7241385][bookmark: _Hlk41808109]Although one of the advantages of EPC projects has been cited as opportunity for innovation and faster delivery of projects (Singh and Tiwari, 2015), in the construction industry they have been associated with low levels of innovation (Construction Industry Institute, 2010).  EPC projects are lauded for faster delivery of project deliverables through use of cross-functional teams and having parallel activities within the same project (Mahmoud-Jouini, Midler and Garel, 2004). However, this may influence innovation in a project given that among drivers of innovation is relationships-based knowledge sharing. How to balance on-time delivery of project outputs while promoting innovation inducing learning among project actors within an EPC project becomes a challenge.

[bookmark: _Toc12572995][bookmark: _Toc73431503]Drivers and Enablers of the Innovation Process
[bookmark: _Hlk7241470][bookmark: _Hlk41808658]In a study of innovation in the construction industry, and in the context of EPC projects, the Construction Industry Institute (2010) identified enablers of innovation in that sector as having a supportive culture; allocation of both financial and human resources; supportive processes; adoption of a new risk perspective that focuses on its management than aversion; leadership learning; collaboration; and customers. These enablers have been highlighted elsewhere in literature, for example Persaud (2007 citing Teece 1986; Nakamura, et al., 1997) emphasized collaboration as a critical driver of innovation.

0. Organizational context
[bookmark: _Hlk7242419][bookmark: _Hlk7242524][bookmark: _Hlk533828982][bookmark: _Hlk533829467]Innovation has been associated with organisational context (Biscotti, D’Amico and Monge, 2018). Organisational context refers to its systems, processes, and beliefs that influence the behaviour of individuals within it (Gibson and Birkinshaw, 2004).  Brion, Mothe and Sabatier (2010) posited that an organisation’s context is made up of its performance management systems, formalisation, level of creativity, appetite for risk, and whether combining these leaves it with a short-term or long-term focus. They aver that innovation is better served by having a long-term focus. Also emphasizing the importance of organisational context, Alhaj (2016) found that in both the public and private sector, organisational context influenced innovation through its influence on social capital and knowledge sharing.  Noting that project-based organisations provide a unique context for innovation, Keegan and Turner (2002) investigated, among other things, whether project-based organisations provide a context that is supportive of innovation, whether they view innovation as always desirable, and whether they are cautious in implementing innovation strategies. They concluded that a company’s environment or context can have contradictory influence on its innovation orientation in that while it may exert pressure to be more innovative, government and other regulatory authorities’ guidelines may forestall any risk taking and therefore any innovation. Another context issue relates to time constraints within the project being implemented. Keegan and Turner (2002) concluded that the need for a project’s adherence to short-term deliverables within set time, cost and quality controls may compromise innovation since slack and redundancy foster innovation. This could be more so in EPC projects where the contractor has to coordinate different players to deliver the end product / service to the client. Hence Keegan and Turner’s (2002) observation that while executive management can ensure channelling of resources and attention to innovation opportunities, fear of risks associated with failure may be an impediment seems applicable.
Aspects of organisational context deemed relevant for innovation within a project context are project governance (Joslin and Müller, 2015); organisational culture (Tian et al., 2018); organisational capital (Chitsazan, Bagheri and Yusefi, 2017; Prester, Podrug and Daraboš, 2016); and knowledge sharing (Al-Husseini and Elbeltagi, 2015; Yeşil and Hırlak, 2013). 

0. Project governance
[bookmark: _Hlk533884873]Project governance constitutes part of organisational context that affects or influences project innovation.  A project has multiple levels of governance which include the governance of the main or parent organisation, the contractors and sub-contractors, the suppliers, and relationships among the parties. Project governance embodies the project’s value system, responsibilities, processes and policies that permits projects to accomplish the organisation’s rationale for initiating the project in the best interest of all its stakeholders both within and outside the firm (Müller, 2009). It provides the framework for project decisions (Garland, 2009) as it provides “the approaches, authorities, accountabilities and processes to define the objectives of organizations/ projects, provide the means to achieve those objectives, and control progress” (Müller et al., 2016, p.958 citing OECD, 2004). Musawir et al. (2017) found that effective project governance could be a catalyst for the project’s benefits management process through clarification of roles, responsibilities, and accountabilities.  They also found effective project governance and benefits management to positively impact project success. Given that project benefits are the ultimate deliverables of any project, and that they are in the form of value addition activities which include innovations, project governance creates a context that aids innovation within a project as it affects stakeholder engagement. As will be discussed in a subsequent section, project stakeholders have been associated with innovation within a project.

0. [bookmark: _Hlk41337157]Culture and innovation
[bookmark: _Hlk41809347]Organisational context includes the organisation’s culture. Organisational culture has been associated with innovation as either aiding or impeding it (Tian et al., 2018). Organisational cultures that are innovation oriented (Brettel and Cleven, 2011) and those that are learning oriented (Škerlavaj et al., 2010) have been associated with positive innovation outcomes. An organisation is described as having an innovation orientation culture when it possesses a set of values, norms and artefacts that facilitate the organisation’s innovativeness (Tian et al., 2018 citing Stock et al., 2013). An organisation with a learning culture is characterised by a focus on information acquisition, interpretation, and resultant changes in behaviour and cognition and thus creating a climate that facilitates the transfer of learning and knowledge necessary for innovation. Similarly, the culture of an EPC project as relates to information sharing practices and within project learning can be expected to aid innovation.

0. Organizational Capital
[bookmark: _Hlk534281234][bookmark: _Hlk534281260]Organisational capital associated with innovation is largely not tangible as it is intellectual. Intellectual capital is embodied in those elements of an organisation’s capabilities, knowledge, processes, networks and strategies that enable it to create value or competitive advantage (Chitsazan, Bagheri and Yusefi, 2017 citing Hsu and Fang, 2009). It includes human, structural, internal social, and external social capital (Prester, Podrug and Daraboš, 2016).  Following a review of empirical research on intellectual capital as part of organisational capital, Inkinen (2015) concluded that it had a strong influence on organisational innovation performance.
Human capital are the competencies, capabilities and all forms of knowledge held by the employees of the organisation. It is embedded in the skills and knowledge held by the organisation’s employees. Studies have found a positive relationship between the quality of human capital and innovation while others posit that human capital is a source of knowledge and strategic renewal (Inkinen, 2015). 
[bookmark: _Hlk41809559]Social capital is based on relationships and is at times referred to as relationships-based capital. It is the total of the actual and potential resources ingrained within and accessed through a network of relationships (Nahapiet and Ghoshal, 1998). It is therefore the value of the organisation’s social relations (Reed et al., 2006). Social capital is both internal and external to the organisation. Internal social capital is in the form of non-formal relationships within the organisation. External social capital is the value of relationships with customers, suppliers, allies, local communities and any other parties outside the organisation (Inkinen, 2015 citing Wu et al., 2007; Cabrita and Bontis, 2008; F-Jardón and Martos, 2009; Hsu and Fang, 2009). Value derived from relationships can be found in both the organisation and individuals within it as indicated by Yang and Lin (2009) who associated relational capital with the value of an organisation’s internal relationships. Another relationships-based capital is customer capital which is the valuable knowledge derived from customer-supplier relationship and from the marketing channels (Jean, Kim and Sinkovics, 2012). 
[bookmark: _Hlk7242985][bookmark: _Hlk41809715][bookmark: _Hlk533834059]Social capital has been found to be a key factor in the attainment of high levels of innovativeness through generation of productive ideas and collaboration within an organisation (Inkinen, 2015).  Prester et al. (2016) found that external social capital has the highest impact on product innovation while process innovation was found to have been most affected by human capital, external social capital and structural capital and least by internal social capital. In a study focusing in the banking sector, Elsetouhi, Elbeltagi and Haddoud (2015) found that organisational capital is necessary for innovation to occur in an organisation as it creates an environment that nurtures intellectual capital derived from human capital, customer capital and social capital. In a project context, the three (human, customer and social capital) are embedded in different project stakeholders. Their shared focus on innovation within a project, it would seem, is partly dependent on organisational capital which is part of the project environment or context whether or not it facilitates the development of intellectual capital and then innovation. 
Structural capital consists of knowledge assets imbedded within the company. It includes intellectual property such as trademarks, patents and copyrights, institutional memory, methodologies, administrative processes, organisational knowledge management processes, strategic direction and culture (Inkinen, 2015). Structural capital provides a supportive framework for human capital to perform (Hejazi, Ghanbari and Alipour, 2016).  In an EPC project, methodologies, administrative and management processes which are part of structural capital reside among project stakeholder groups and spreads through both formal and informal interaction.
[bookmark: _Hlk7243054]Andersson (2007) presents innovation as involving people experiencing social processes that remodel the way they think, act and interact and in the process leading to different perspectives of looking at issues resulting in innovation. From a social capital perspective, knowledge is an organisational resource embedded in a network of social relationships (Hau et al., 2013) and in routines (Kim et al., 2012) so that as project stakeholders interact knowledge sharing occurs. This being the case, interaction among project stakeholders can lead to innovation. It can therefore be proposed that innovation within an EPC project depends on the contexts within participating project organisations in terms of state of relevant forms of organisational capital and that the more there is social interaction among project stakeholders the more there will be innovation within a project.

0. Knowledge sharing
[bookmark: _Hlk533977963][bookmark: _Hlk534281312][bookmark: _Hlk533978552][bookmark: _Hlk41809991][bookmark: _Hlk7243191][bookmark: _Hlk41810123]Knowledge acquisition, creation and sharing has been recognised as necessary for innovation (Al-Husseini and Elbeltagi, 2015; Yeşil and Hırlak, 2013; Kamaşak and Bulutlar, 2010; Nonaka, Von Krogh, and Voelpel, 2006). Knowledge sharing involves the mutual exchange of both tacit and explicit knowledge in order to create new knowledge (Kamaşak and Bulutlar, 2010 citing Van Den Hooff and De Ridder, 2004). Effective use of new knowledge has been associated with innovation (Kamaşak and Bulutlar, 2010 citing Dougherty et al., 2002). Kavin and Narasimhan (2018) posit that the basis of innovation is the combination of ability to leverage new knowledge from the supply-network, absorptive-capacity and investment in research and development. Whether new knowledge is exploited to produce new innovative products depends on the subsistence of innovation nurturing practices. Wang and Wang (2012) found that innovation was facilitated by sharing both tacit and explicit knowledge with the former having more influence on the quality of innovation and the latter on the speed of innovation and performance. Explicit knowledge is institutionalised knowledge that is codified in some form within the organisation (part of structural capital) while tacit knowledge exists within individuals having grown out of their experiences and is shared through interaction (part of human capital). Since tacit knowledge sharing is dependent on people willingness to share it, its transmission is affected by the state of human relations in a given situation (Wang and Wang 2012). Trusting relationships in the knowledge sharing process have been found to weaken barriers to knowledge sharing (Bakker et al. 2006). Kucharska and Kowalczyk, (2016) found trust to particularly affect the sharing of tacit knowledge in a project environment. It can therefore be expected that where there are high levels of trust among project stakeholders, there will be more knowledge sharing resulting in higher innovation performance. Since EPC projects have been noted for being both labour and knowledge intensive to an extent that management of such projects is predominantly a process of knowledge management, innovation can be expected to be derived from effective knowledge integration (Zhu et al., 2014).

[bookmark: _Toc12572996][bookmark: _Toc73431504]Measures of Innovation
[bookmark: _Hlk7243387][bookmark: _Hlk528835631][bookmark: _Hlk41810271]Innovation measurement is a highly contested area with academic research so far not having been able to come up with an overall framework for measuring it and issues of how and what to measure remaining unresolved (Dziallas and Blind, 2018). This is compounded by the multiplicity of innovation types. Gault (2015; 2016) presents examples of innovation types as: making available a new product or one with significantly changed characteristics to potential users (product innovation); introducing significantly changed production or delivery processes or techniques (production or delivery innovation); introducing significant changes to workplace organisation and business practices (organisational innovation); and a significantly changed way of bringing products to market (marketing innovation). According to Janget et al. (2017) innovation can be measured through inputs, throughputs, outputs and outcomes. Inputs are what were identified in this review as enablers of innovation. The enablers of innovation that have been discussed constitute inputs of the innovation process. 

0. Measuring innovation through inputs
[bookmark: _Hlk7243633][bookmark: _Hlk41810537][bookmark: _Hlk41810475]Management of innovation is an organisational problem as it calls for the coordination of different departments in a company so that successful innovation is related to how well a company selects and manages projects.  According to Mohnen and Hall (2013) innovation can be measured through its inputs so that measuring the extent of their subsistence can be indicative of whether innovation is taking place or is likely to take place. It also provides areas that can be focused on when assessing stakeholder influence on the innovation process.  
Measuring innovation through inputs is based on measuring its indicators so that the indicators serve as proxy measures of innovation. Dziallas and Blind (2018) categorize product and process indicators of innovation into ex-ante and ex-post criteria and suggest that using innovation indicators is a potential solution to the problem of innovation measurement. The indicators have been classified into hard and soft with hard indicators being quantitative and soft indicators being qualitative (Dziallas and Blind, 2018). Indicators can also be classified as directly or indirectly influencing the innovation success. Examples of direct indicators include percentage of ideas that pass the viability for commercialization test (Dewangan and Godse, 2014). Examples of indirect indicators include the novelty or newness to business; the process of planning and monitoring of the innovation process and its management (Dziallas and Blind, 2018 citing Duhamel and Santi, 2012). Specific to EPC projects, absence of effective communication, slow decision making and owner-driven change orders were found to affect the performance of engineering and construction phases (Habibi, Kermanshachi and Rouhanizadeh, 2019) and by implication innovation within those phases.
[bookmark: _Hlk41811148]Haar (2018) posits that in fact approaches to measuring innovation projects are linked to those of typical project control to an extent that some indicators may be transferable between the two. Despite this though, there still remains a need for a specific framework for single work teams (Haar, 2018) as is the case with EPC projects. Further, use of indicators as measures of innovation has been criticised for neglecting that within a company innovation is not just linked to a single project but rather to the whole company involving even those not necessary involved in the project (Fischer et al., 2015).

0. Measuring innovation through throughputs and outputs
Throughputs represent the intermediate results of innovation.  They refer to the quantity and quality of innovation such as the number of innovations over a given time. Janger et al. (2016) suggest that such measures are related more to knowledge creation capability than to converting the knowledge to some economic benefit. Outputs on the other hand are the direct results of the innovation process. They include things such as introduction of a new product or service on the market in the case of product innovation and of enhancement in operating processes or procedures in the case of process innovation. In a study investigating process innovation in a manufacturing company, Scafuto et al. (2018) identified output measures of process innovation as increase in efficiency, reduction of costs, improved internal practices and deploying exploitation strategies.

0. Measuring innovation through outcomes
Innovation outcomes are the results derived from the introduction of innovations. Where there is product innovation the product has to be accepted by customers while a process and organisational innovation must result in reduced or containment of costs and other inputs (Janger et al., 2017). The outcomes can be at a micro (within the organisation) and at a macro (other interested parties) level. Further the outcomes may not all necessarily be economic as they may include health and environmental issues.
[bookmark: _Hlk12569706][bookmark: _Hlk41811309]According to the Oslo manual (2005) innovation outcomes are “the observed effects of innovations” (p.165). Scafuto et al. (2018) found process innovation to enable product innovation. In that context product innovation can be used as an outcome of process innovation. In an EPC project, process innovations in the engineering and procurement phases can therefore result in product innovation in the construction phase. Oslo manual (2005) recommends that outcomes be observed within three years of occurrence. 
[bookmark: _Hlk7243875][bookmark: _Hlk528836319]For purposes of establishing the association between stakeholders interaction and  innovation in a EPC project context, this study proposes to focus on innovation measures guided by Gault (2016) definitions of innovation types  as: making available a new product or one with significantly changed characteristics to potential users (product innovation); introducing significantly changed production or delivery processes or techniques (production or delivery innovation); introducing significant changes to workplace organisation and business practices (organisational innovation); and a significantly changed way of bringing products to market (marketing innovation). Gault’s (2016) classification of innovation measures bears resemblance to the Oslo manual measures that are classified as markets for the company’s products (marketing innovation), production and delivery (product innovation), business organisation (organisational innovation). Oslo manual includes an additional measure classified as economy, society and the environment. 
Projects are meant to speed up implementation. Organisations that adopt a project approach intend to have speed to market in the projects they are implementing. Innovation therefore within such projects has to adhere to the need for speedy project implementation or for moving through the project life cycle at a speed that enables the organisation to maintain or enhance its competitiveness. Innovation speed is the time that passes between initiation of the innovation and the commercialisation of the formulated product or service (Wang and Wang, 2012) and the intention is to shorten the period since the success of new product or service is associated with speed-to-market (Carbonell and Escudero, 2010 cited in Wang and Wang, 2012). Speedy project implementation can therefore in itself be an outcome of innovation.  Wang and Wang posit that “innovation speed is a team embodied, socially complex capability” that depends on team social relations. In an EPC project environment, the team consists of multiple stakeholders. In that regard the speed of innovation within the project is a complex capability that resides within the project stakeholders.  Timely execution of a project’s phases can therefore be used as an outcome measure of innovation throughout the phases of an EPC. Timely execution outcomes include the time taken to come up with usable designs (Engineering Phase); to procure required inputs (Procurement) and to bring the intended finished product or service to market or usable condition (Construction).  

[bookmark: _Toc12572997][bookmark: _Toc73431505]Summary
[bookmark: _Hlk528836255]While there are several definitions of innovation, there is consensus that it results in the introduction of something new and valuable whether in terms of the product, the production process, or the way an organisation functions so that it is at product, process and organisational level (Camisón and López, 2010; Jiménez-Jiménez and Sanz-Valle, 2011). It may be transformational through introducing fundamental changes or can be incremental. It may also be restricted to within a single organisation (closed) or involve several organisations (open). The element of whether an innovation has resulted in something valuable is determined by the intended direct and indirect beneficiaries of the innovation, in a project context, the stakeholders. That being the case, stakeholder relationships would be a critical factor in the innovation process from inputs, throughputs, outputs and outcomes. A question that arises is that since stakeholders determine whether or not the “new” has created value, what role and how much influence do they have on the innovation process?  Further, given that innovation is nurtured by knowledge sharing, and that in an EPC project knowledge resides in the people involved in the project, the stakeholders, a question arises on how such knowledge influences innovation within a project. The next chapter discusses project stakeholders in each phase of the EPC project, their influence and engagement in the context of networks and how this impinges on knowledge flow and therefore on innovation. 



[bookmark: _Toc73431506]Project Stakeholders
[bookmark: _Toc12572999][bookmark: _Toc73431507]Introduction
[bookmark: _Hlk12039647]This chapter defines project stakeholders (Section 4.2) and proceeds to discuss perspectives of stakeholder theory (Section 4.3); stakeholder analysis process (Section 4.4); and stakeholder management (Section 4.5). Stakeholder management is discussed from the perspective of interface, engagement and implications for innovation. The chapter proceeds to discuss stakeholder influence on within project innovation. It concludes by discussing methods of measuring stakeholder influence in a project and highlighting Aragonés-Beltrán, García-Melón and Montesinos-Valera (2017) model as presenting a possible avenue for measuring stakeholder influence on innovation in EPC projects.

[bookmark: _Toc12573000][bookmark: _Toc73431508]Project Stakeholders
[bookmark: _Hlk535405231]Freeman et al. (2010, p.9) define a stakeholder as “those groups and individuals who can affect or be affected” by the activities of an organisation as it seeks to achieve its objectives. A stakeholder in a project context refers to a person, a group or an institution that may be affected or may affect the planned actions of the project (Bjugn and Casati, 2012 citing Jepsen and Eskerod, 2009). Such stakeholders may be both internal and external to the project initiating organisation (Bjugn and Casati, 2012). Typically, project stakeholders include Project owners; Gate Keepers; Project planners; design engineers; and Project Management Offices.  Stakeholders are identified through a systematic stakeholder analysis process. According to Bjugn and Casati (2012), while the identification process starts during project initiation phase, a detailed analysis is conducted during the planning phase. Project stakeholders play various roles throughout the project life cycle and these are better understood within the context of stakeholder theory.

[bookmark: _Toc12573001][bookmark: _Toc73431509]Stakeholder Theory
At the core of stakeholder theory is that a business exists to create value for all its stakeholders and not just the shareholders and succeeds when it manages to focus on mutual interests as opposed to trade-offs (Freeman et al., 2010). It analyses the relationship between the organisation and its various stakeholders. The unit of analysis therefore are the relationships between the organisation and the stakeholders and not the organisation per se (Freeman et al., 2010). According to the theory, stakeholders derive their status from their ability to affect the business and its other stakeholders.  It facilitates classification of stakeholders according to the roles they play. In that regard from the roles, the influence exerted can be determined.
[bookmark: _Hlk41848582]Literature (Savage, Dunkin and Ford, 2004; Phillips, Berman, Elms and Johnson-Cramer, 2010; Wagner Mainardes, Alves and Raposo, 2012) highlights six main assumptions of stakeholder theory which are:
i. Organisations get involved in relationships with multiple interest groups who influence the organisation or are themselves influenced by it;
ii. The relationships are in terms of both the processes and results for both the organisation and the stakeholders meaning that the influence can be exerted at both process and results level;
iii. All interests of legitimate stakeholders are of intrinsic value with none being superior to others implying that they all need to be considered;
iv. Managerial decision making is involved in balancing the interests;
v. Methods used by stakeholders to influence decision making processes in the organisation so that they are in their favour are identified;
vi. The organisation must seek to understand, reconcile and balance the interests of the multiple stakeholders.
[bookmark: _Hlk535404987]Stakeholder theory perspectives tend to be predicated on any or a combination of these assumptions. 

4.3.1	Stakeholder theory perspectives
Donaldson and Preston (1995) identify three interlinked aspects of stakeholder theory which are descriptive, instrumental and normative. The descriptive perspective focuses on describing how businesses are run and identifying stakeholders and their interests (Sangle and Ram Babu, 2007).  They posit that a key attribute of stakeholder management is simultaneously paying attention to all stakeholders.  This view is influenced by the assumption that interests of legitimate stakeholders all have intrinsic value and deserve equal consideration. This position may be difficult to implement or operationalise in an EPC environment where the interests of the project owner take precedence. 
The normative perspective of stakeholder theory focuses on identifying the stakeholders, the nature of their responsibilities, and factors that influence them. It also focuses on management’s obligations towards stakeholders and the mechanisms used to resolve disputes over clashing interests (Reed, 1999). It highlights the need for making moral decisions. The normative perspective therefore leans more towards responsible innovation (Pellé and Reber, 2015) according to which there should be interaction among innovating stakeholders and other stakeholders in assessing ethical and societal desirability of an innovation (Taebi et al. 2014). 
The instrumental perspective focuses on the effects of stakeholder management on achievement of business goals. It assumes that stakeholders can affect whether or not an organisation meets its objectives (Preble, 2005). From this perspective, stakeholders need to be treated instrumentally (Preble, 2005). The interaction between management and stakeholders therefore is premised on the perceived benefits each party hopes to get from the relationship. Stakeholders are also identified for their usefulness, agency capacity and capacity to influence areas that could benefit the organisation (Bourne and Walker, 2005). It has been used to explicate the effect of stakeholder management on businesses performance related issues such as revenues, development of social capital and knowledge capturing (Hörisch et al., 2014; Mathur, Price and Austin, 2008). This perspective’s link to influencing innovation is its assumption that stakeholders can affect organisational outcomes. 
[bookmark: _Hlk534973502]Hörisch et al. (2014) extended Donaldson and Preston’s (1995) aspects to include integrative stakeholder theory that brings together the descriptive, instrumental and normative aspects. The integrative perspective sees an inextricable link among the descriptive, instrumental and normative perspectives of stakeholder theory. From this perspective Horich et al. (2014) distinguish between stakeholder management, which they describe as manipulative, and managing stakeholder relationships. Stakeholder influence on innovation, can be understood from an integrative perspective given that innovation involves and thrives on relationships. The integrative perspective therefore can be combined with Rowley’s (1997) relational network perspective. This sees stakeholder relationships as occurring within a complex network of interlinked relationships so that the behaviour of stakeholders, including their decision making, emanates from their interactions within a social structural environment (Missonier and Loufrani-Fedida, 2014, citing Rowley, 1997). From this perspective, stakeholder influence would therefore occur within the network through relationships. Studies have used the relationships-based perspective of stakeholder theory to better understand stakeholder influence. Ruggiero et al. (2014) used the theory to understand the influence of stakeholders in a community renewable energy study.  For purposes of developing a framework for understanding the interaction of stakeholders and innovation in an EPC project, the integrative and relational network perspectives of stakeholder theory is more appropriate.

[bookmark: _Toc12573002][bookmark: _Toc73431510]Stakeholder Analysis Process – Identification and Classification
Regardless of perspective, fundamental to stakeholder theory are two factors, classification of stakeholders and mechanisms of organisation (Wagner Mainardes, Alves and Raposo, 2012).  For Rowley (1997), among others, the fundamental issues of stakeholder theory is identifying the stakeholders and establishing the type of influence they exert on the organisation. Within a project the issue therefore is to identify the stakeholders and what influence they have on the project in terms of decisions made among which are innovation related decisions. Main stages of the stakeholder analysis process are identification and attributing values to stakeholders which also includes determining their power to influence (Bjugn and Casati, 2012). 

Identification of stakeholders
[bookmark: _Hlk534810712]Stakeholders can be divided into two broad groups, internal and external. Internal stakeholders have been defined as those with formal connections to the project such as the owners, employees and customers while external ones are those affected by the project (Olander, 2006 citing Gibson, 2000). Carroll and Buchholtz (2006) classify stakeholders as either primary or secondary. Primary stakeholders being those directly and contractually involved in the project to an extent that its delivery depends on them. Secondary stakeholders have no formal relationship with the project owner. Rolstadås and Schiefloe (2017) add to primary and secondary stakeholders what they term tertiary stakeholders. These stakeholders are local interested parties such as non-governmental organisations. Scholes and Clutterbuck, (1998) identify stakeholders based on their power of influence, impact on the organization and affinity with the organisation’s objectives. Gürtler and Lindemann (2013) suggest that stakeholder identification includes identifying their interests, motivations and conflicts of interest.
[bookmark: _Hlk41850818]These categorisations of stakeholders are simplistic given that projects are complex both structurally as shown by both the number and interdependence of elements and in terms of associated risks relating to both the project goals and methods. This is more so in EPC projects where complexity arises from the multiplicity of actors such as those within the client organisation that owns the project end product, the main contractor, the several sub-contractors, and other interested publics. Eyiah-Botwe, Aigbavboa and Thwala’s (2016) observation that the role of the same stakeholder in a project may change from time to time seems more consistent with the complexity of projects. In that regard classification of stakeholders can be viewed as not representing permanent labels but rather as transitionary since a stakeholder’s role in a project may change as the project progresses. That notwithstanding, at any given time in a project, stakeholder mapping clarifies relationships among stakeholders. In the context of open innovation projects, EPCs present such opportunities. Gürtler and Lindemann (2013) posit that because of resource and time constraints it is not possible to involve every stakeholder in the project and hence the need to categorise stakeholders based on their innovative capacities and influence on the project. They group stakeholders into three categories, those with high innovative capacities and high influence on the success of the project; those with high innovative capacity and low influence or low innovative capacities and high influence; and finally those low on both innovative capacities and influence. It can therefore be assumed that because stakeholders exert different levels of influence on innovation in a project, within an EPC project it is necessary to establish the influence of specific stakeholder groups. 

Stakeholder classification / mapping
Main stakeholder mapping models are Mitchell et al.’s (1997 cited in de Oliveira and Rabechini Jr, 2019) Salience model based on priority of competing claims and Olander and Landin’s, (2005) stakeholder matrix of power and interest model. According to the Salience model stakeholders can be classified according to their power to influence the organisation, the legitimacy of their relationship with the organisation, and the urgency of their demands within or from the organisation. Using it (combined with stakeholder matrix of power and interest model) Oander and Landin (2005) concluded that it is critical to evaluate the demands and interests of stakeholders during planning and implementation of a project right up to its implementation. This implies that these may change. While these frameworks simplify the classification of stakeholders, in some project contexts there is more complexity. Rowley’s (1997) framework which is based on network density and the centrality of the organisation seems more appropriate for mapping stakeholders in an EPC project environment. 
[bookmark: _Hlk41883048]Rowley (1997) explored how the structure of an organisation’s stakeholder relationships affected the way the organisation responded to the pressure exerted by stakeholders. He posits that the density of the stakeholders’ network surrounding the organisation, and the centrality of the latter’s role within the network will influence the extent to which it is influenced by, or it influences, the network as seen by its responses to stakeholder demands. Rowley (1997) further contends that when the organisation does respond, it does not respond to individual stakeholder interests but to those of the whole network. In that regard, it can be proposed that when an organisation innovates in response to stakeholder influence, it is the influence of the stakeholders as a collective that results in innovation. In such a situation, it is not sufficient to classify stakeholders based on the relationship with a single stakeholder but rather the whole pattern of relationships across multiple stakeholders, what Nohria (1992 as cited in Rowley, 1997) describes as the interaction of interactions. In the situation the organisation takes four possible behavioural stances: as commander, compromiser, subordinate or solitarian (Rowley, 1997). In an EPC project the lead contractor is the organisation that takes this role as it relates to the project owner and the other parties that are sub-contracted and other interested publics; and as it seeks to balance stakeholders’ power and influence to ensure the attainment of project objectives. It can be expected that such balancing includes decisions on innovative ideas from the various stakeholders.

Stakeholder power and influence
There have been various streams of research on stakeholder influence such as assessing the influence (Mitchelle, et al. 1997); development of stakeholder impact analysis model (Olander and Landin, 2005); variation of stakeholder influence strategies during different stages of a project (Aaltonen and Kujala, 2010);  impact of behaviour of internal stakeholders on project success (Beringer, Jonas and Kock, 2013); stakeholder inclusiveness and expansion of the organisation’s pool of capabilities (Eskerod, Huemann and Ringhofer, 2015); measuring stakeholder influence from perspective of Project Managers using Analytical Network Process (Aragonés-Beltrán, García-Melón and Montesinos-Valera, 2017); understanding the behaviour of stakeholders from the perspective of networks the stakeholder is involved in; and stakeholder management as an instrument for directing projects to produce results that deliver value to all stakeholders (Uribe, Ortiz-Marcos and Uruburu, 2018).  Eskerod and Larsen (2018) proposed that a comprehensive understanding of stakeholders is better derived from a stakeholder analysis that is inclusive of their perceptions on the past, present and future resulting in what they term a “shadows of the context” which unifies all three. 
[bookmark: _Hlk41883495][bookmark: _Hlk535427903][bookmark: _Hlk527025534]Stakeholder influence varies during the different stages of a project in terms of which stakeholders are influential at what stage of a project as project priorities change (Olander 2006 citing Jawahar and McLaughlin 2001). Stakeholders affect (or influence) a project through resource contribution towards the project which resources include expertise. Eskerod and Larsen (2018) posit that the relationship between a project and its stakeholders must be viewed in terms of embeddedness where the two parties influence each other during the entire project duration. Developing relationships with stakeholders has been identified as an important aspect of project management as project stakeholders have been linked to project success because of, among other reasons, their contribution in terms of expertise, decision making and good ideas (Eskerod and Larsen, 2018).   Because project stakeholders can decide whether to contribute, not contribute or withdraw their contribution to the project, managing relationships in a manner that ensures their continued willingness to contribute to the project is critical as they present both a threat and an opportunity for a project (Eskerod and Larsen, 2018). One of the potential opportunities is that of harnessing the skills and competence contribution for use in decision making in order to come up with innovative ideas. That said, it would be reasonable to assume that throughout the various stages of a project, stakeholders exert specific forms of influence which could affect innovation within the project and hence the importance of stakeholder management.

[bookmark: _Toc12573003][bookmark: _Toc73431511]Stakeholder Management
Rajablu et al. (2015) define stakeholder management as a process within which the needs and expectations of stakeholders are identified, agreements are reached, and mechanisms are put in place to ensure that their objectives are met. To this definition Aragonés-Beltrán et al. (2017) add the development of strategies for engaging stakeholders in decisions and implementation. While acknowledging that it is a process, Bourne and Walker (2005) aver that it takes place throughout the life of the project.
Stakeholder management is predicated on stakeholder classification. It is an instrument for directing projects and managing associated risks (Uribe, Ortiz-Marcos and Uruburu, 2018; Muriana and Vizzini, 2017) which makes it an integral part of any project. It has been found to have a relationship with management decision making (Eskerod, Huemann and Ringhofer, 2015; Eskerod and Vaagaasar, 2014). Stakeholder management within a project is not static but changes over time suggesting that even innovation dynamics may change during the different stages or phases of a project (Walker, Bourne and Shelley, 2008). Further it encompasses a diversity of skills such as interpersonal, social communication and emotional intelligence skills (Azim et al., 2010) which could have implications for stakeholder influence on innovation. 
Approaches to stakeholder management can be put in two categories: prescriptive and relational.  According to the prescriptive approach, the potential influence of stakeholders on a project makes it imperative that they be assessed and their interests mapped throughout the life of a project (de Oliveira and Rabechini Jr, 2019 citing Cleland, 1986; Mitchell et al., 1997; and Bourne and Walker 2005). The relational approach highlights the importance of relationships and interaction among stakeholders throughout a project’s life cycle (Mok, Shen and Yang, 2015; Bourne, 2015). The two approaches are not mutually exclusive as they can be combined to increase effectiveness with the prescriptive approach being the starting point, followed by relationships that are built on trust (de Oliveira and Rabechini Jr, 2019). The trust in relationships facilitates involvement and engagement and comes through from management of the interface with and among stakeholders. 
[bookmark: _Hlk41883981]Rogers’ (2003 cited in Hassan Al-Ali, 2017) model of stakeholders and innovation hinges on individuals sharing information with some in the network playing a more influential role than others. Rogers (2003) identifies major stakeholder roles as opinion leaders, change agents and champions. Opinion leaders play a leading role in informally influencing others. The role is therefore not necessarily formal. A change agent is usually in a formal role and influences a client to accept innovation decisions that are desired by the change agent while ignoring those not desired by the change agent. Change agents work with a change aide who informally influences a clients’ innovation-decisions. Champions advance the innovation cause ensuring the overcoming of any negative sentiments that may be invoked by an innovation (Hassan Al-Ali, 2017 citing Rogers, 2003). An understanding of the role of stakeholders in terms of being opinion leaders, change agents, champions and or their value contribution is obtained from understanding stakeholder interface management.

Interface Management
[bookmark: _Hlk535255260][bookmark: _Hlk535428333]Stakeholder interface management relates to interaction with others including aspects such as communication, coordination, information exchange, and resolving conflicts among participants (Shen et al., 2018). The complexity of EPC projects requires extensive collaboration and therefore interface management throughout the project’s life cycle. Given that interface management has been positively associated with EPCs (Shokri et al., 2015) it can be expected that stakeholder influence or contribution to innovation in a project would, to some extent, depend on the state of interface management as reflected by communication, coordination and collaboration. Shen et al. (2018) summarised formal EPC interface management procedures as involving identification of main interfaces early on in the project; documentation of interface data and information such as the nature of the interface, responsibilities of main players and any other related requirements; disseminating interface information to concerned parties; communicating to ensure that interface related assignments are executed and terminating the interface when it is agreed that it has served its purpose. In an EPC the interface has multiple players representing different organisations who also have to manage other interfaces, a situation that could add to the complexity of its management. Where interface management procedures are in place, it can be expected that there is flow of information and knowledge and that project decisions are arrived at in a manner that facilitates innovation. Linked to interface management is engagement of stakeholders as part of building trust among them.

Stakeholder Engagement
O’Riordan and Fairbrass (2014, p.123 citing ISO, 2010) define stakeholder engagement as “activities which are undertaken to create opportunities for dialogue between an organization and one or more of its stakeholders with the aim of providing an informed basis for the organization’s decisions.” Jonas et al. (2018) define it as a psychological state that results from the experiences of a stakeholder’s experiences from interactions that occur within a particular service ecosystem. From the definitions, stakeholder engagement is presented as both dialogue enabling activities and as a state of mind. In an EPC environment, engagement would therefore refer to a psychological state resulting from interacting with, first the main contractor of a project, and with sub-contractors through activities or mechanisms put in place to facilitate the interaction. This suggests that stakeholder engagement can be measured in terms of both the activities and a stakeholder’s state of mind.
From a service ecosystem perspective all stakeholder engagement dimensions (cognitive, behavioural and emotional) are considered in the innovation processes (Jonas et al., 2016). Collaboration of stakeholders in an innovation process is viewed as increasing the complexity of an innovation process as each stakeholder seeks to represent their interests. This notwithstanding, it is necessary for innovation success as there are opportunities for exchanging of resources and self – representation (Jonas et al, 2018 citing Vargo et al., 2015). In that regard stakeholder engagement is both a psychological state of mind and also a product of environmental influence as actors influence each other as they co-create an innovation (Jonas et al, 2018 citing Chandler and Lusch, 2014). Studies have shown that shared knowledge derived from engagement with both internal and external stakeholders, when properly managed by the firm, contributes towards its sustainable innovation orientation (Vargo, Wieland and Akaka, 2015; Ayuso et al. 2011).
[bookmark: _Hlk41885337]Jonas et al. (2018) found that stakeholder engagement is influenced by individual and organisational factors such as shared or common experiences, being acquainted, self-representation, shared or common goals, trust, resource dependency, position in the hierarchy, institutional arrangements, and local closeness.  
[bookmark: _Hlk535428529]Generally, an organisation implements innovations through projects that involve engaging multiple stakeholders both within and outside. According to Jonas et al. (2018) engagement of a stakeholder does not remain the same throughout a project but varies over time. This echoes Wagner Mainardes, Alves and Raposo (2012) who found that relevance, mutual influence and participation are important explanatory factors of the relationship between an organisation and its stakeholders. This suggests that similarly, stakeholder holder involvement and therefore influence on a project would also fluctuate in line with their level of engagement as determined by relevance issues.

[bookmark: _Toc12573004][bookmark: _Toc73431512]Stakeholder Influence on Project Innovation
Collins dictionary defines influence as “the power to make other people agree with your opinions or do what you want.” Godenhjelm and Johanson (2018) conceptualise influence in terms of means used to influence. They identified discussion groups and panels, contacts, and press articles as means of influence. This suggests that influence is achieved through interaction.
Stakeholder influence within a project has been looked at from various perspectives including organisational financial performance; decision making; indirect influence through different networks (Barnett, 2007; Spitzeck and Hansen, 2010; Rowley, 1997, all cited in Ruggiero, et al., 2014); project success or failure (Berardi, 2013); and as dynamic and therefore changing (Mitchell, Agle and Wood, 1997). Focusing on the implementation phase of a project (Ruggiero, et al., 2014) found that stakeholders can influence a project in a positive or negative way, in that regard, influence is perceived as two dimensional, negative and positive or desirable and undesirable. Further they found that in “influencing” stakeholders can play multiple roles and that influencing can take place at a macro level, intercommunity, and intracommunity levels. The different levels at which influencing occurs and the aspect of multiple roles confirms that stakeholder influence varies during different stages of a project. One would therefore expect that there may be specific forms of stakeholder influence that are found at the engineering, procurement, and construction stages of a project that impact innovation within a project. Stakeholder influence on within a project innovation can be understood from appreciating how they go about securing their interests in the project. Godenhjelm and Johanson (2018) conceptualisation of influence in terms of means used to influence therefore presents possible ways of understanding stakeholder influence on innovation in a project. 
Because of the focus organisations are placing on sustainability issues which also involve adoption of new technologies, studies have looked at the impact of innovation on stakeholders (Dew and Sarasvathy, 2007) with limited studies focusing on the influence of stakeholders or their impact on innovation. In a review of stakeholder theory in project management, Uribe, Ortiz-Marcos and Uruburu (2018) did not highlight any studies that look at the influence of stakeholders on innovation which could be indicative of the dearth of studies focusing on this aspect. They however, found that there is a relationship between stakeholder theory dissemination and project management. Since innovation has been found to be implemented through projects that points to a stakeholder theory – project management – innovation link.
West and Bogers (2014) focused on how open innovation involvement of organisational external stakeholders can provide sources of innovation and how organisations can leverage this to their advantage. Open forms of innovation suggest a role for external stakeholders as they participate together with the organisation to co-create better products and services (Watson et al. 2017; Roberts and Candi, 2014). Watson et al. (2017) found that organisational structures and processes developed for managing stakeholder interactions explicate how companies engage their stakeholders for sustainability innovation. They however also highlighted the need for cultural alignment and harnessing of different stakeholder strengths while also translating learning on an individual, team and organisational level. 
[bookmark: _Hlk41887797]In EPC projects, innovative procurement increases opportunities for innovation in construction productivity because of the design and construction integration. In such projects early stakeholder engagement has been associated with reduction of rework, unwarranted costs, low productivity and disputes, and quality enhancement. (Baharuddin, Wilkinson and Costello, 2013). According to Priemus (2009), on a design and construct project the contractor has a lot of design freedom which provides opportunities for innovation at both process and product level. The tight timescales and focus on completion within such projects create innovation opportunities because of the early appointment of the management contractor which gives the client organisation room for design flexibility (Miller et al., 2009). Innovation developed in such situations has been found to be co-developed by project stakeholders such as clients, contractors, sub-contractors, suppliers, consultants, designers and clients who all play a role in the process (Ozorhon, 2012). 

[bookmark: _Toc12573005][bookmark: _Toc73431513]Measuring Stakeholder Influence
Aragonés-Beltrán, García-Melón and Montesinos-Valera (2017) investigated the individual influence of stakeholders on a project and how to measure it from the perspective of a project manager. They concluded by proposing a four - clusters, twelve item model of measuring stakeholder influence from the perspective of a project manager. The clusters are: Knowledge; Social skills; Assets and External. Knowledge is broken down into expert knowledge; professional competence and experience. Expert knowledge refers to knowledge possessed by a specific stakeholder; professional competence refers to knowledge a stakeholder derives from their professional training; experience refers to what a stakeholder would have lived through in the past. Social skills cluster includes representativeness, affiliating with others, and manipulating others.  Representativeness is one’s ability to represent their interests within the network of stakeholders using their social competences. Affiliating with others is the ability to build relationships, or alliances within the network. Manipulation is the extent to which one is able to realise their own goals through managing other stakeholders within the network. Assets cluster includes financial security, provision of resources and finances. Financial security is the financial stability of a stakeholder. Resources refers to the ability and willingness of a stakeholder to provide resources needed in the project, and provision of financials refers willingness and ability to provide finances for the project. External incorporates dependency on external factors, public image and hierarchical position. Dependency on external factors is the extent to which a stakeholder depends on a factor or factors that lies outside the network of stakeholders. Public image is the image a stakeholder has outside the network and hierarchical position is the power possessed by a stakeholder because of their position in the hierarchy of the network. Using this model and measuring influence from the perspective of the project manager, Aragonés-Beltrán, García-Melón and Montesinos-Valera (2017) set out to establish or identify the influence of each stakeholder on a specific project and how this could be measured. They concluded that the model permits a Project Manager to conduct a quantitative analysis of the influence of specific stakeholders on a project. 
Bourne and Walker (2005) use the Stakeholder Circle model (Bourne, 2005) to assess stakeholder power and influence. The model facilitates identification and visualisation of stakeholder influence. The Circle maps-out distance of stakeholders from the project entity, nature of stakeholder interests, the scale and scope of influence and the extent of impact. Although the model has successfully been used as a standardised methodology for stakeholder analysis, it does not directly address the measurement component of stakeholder influence, at least in as far as EPC projects are concerned.
Social Network Analysis has been proposed as another method of measuring stakeholder influence. It combines degree of trust and level of consensus to establish the criticality of experts (Wu and Chiclana, 2014). The method is criticised for yielding complex analysis structures (Aragonés-Beltrán et al., 2017). While still to be validated by more studies, Aragonés-Beltrán et al. (2017) seems more appropriate for measuring project stakeholder influence on innovation because of its use of multiple criteria which permits it to account for the many possible positions from which a stakeholder can exert influence.

[bookmark: _Toc12573006][bookmark: _Toc73431514]Summary
This chapter discussed definitions of stakeholders noting that at the core of the definitions is that of individuals affecting or being affected by organisational activities as it seeks to attain its objectives. Stakeholder theory was discussed starting from assumptions on which it is predicated to the different perspectives of the theory, specifically: descriptive, instrumental, normative, integrative and relational network. Stakeholder analysis was discussed focusing on identification and classification followed by stakeholder mapping, power and influence. The relationship between a project and its stakeholders was noted to be one of continuously influencing each other, a situation Eskerod and Larsen (2018) summarised as embeddedness.  Stakeholder management, which was acknowledged to be predicated upon stakeholder classification, was discussed from the prescriptive and the relational perspective, and also from the perspective of interface management. The latter was noted for its influence on knowledge sharing and therefore on innovation.  Stakeholder engagement was discussed as corollary to interface management. It was highlighted that organisations implement innovations through projects that depend on multiple internal and external stakeholders who need to be engaged for innovations to succeed, a position that implies stakeholder influence on innovation. Finally, the chapter discussed ways of measuring stakeholder influence in a project the primary interest being to establish if such measurement methods can be applied to understanding stakeholder interaction and innovation within EPC projects where the innovation process has been noted to involve co-creation among multiple stakeholders. 
The next chapter presents the study’s theoretical framework through discussing stakeholder network analysis as a lens for understanding the interface among stakeholders.
[bookmark: _Toc73431515]Theoretical Framework
[bookmark: _Toc73431516]Introduction
[bookmark: _Toc159383943]Chapter 2 reviewed literature on characteristics of the downstream oil and gas sector and noted that the complexity and capital-intensive nature of oil and gas sector projects are usually in the form of EPC projects that are characterised by multiple actors. Knowledge sharing in this context was deemed to present opportunities for innovation. Chapter 3 reviewed literature on innovation, its types,  and its outcomes which are its noticeable effects and can be reflected in products, processes and organisational functioning (Oslo Manual, 2005; Camisón and López, 2010; Jiménez-Jiménez and Sanz-Valle, 2011). In an EPC project context, timely execution of a project’s phases was viewed as a possible outcome measure of innovation. Project stakeholder relations were noted to play a critical role in the innovation process since innovation is nurtured by knowledge sharing, which knowledge resides in the project stakeholders. Chapter 4 reviewed literature on project stakeholders and noted that through their interactions, they exert influence on the project from various perspectives (Ruggiero, et al., 2014) including co-developing innovation (Ozorhon, 2012). It was observed that some have pointed to a link among stakeholder theory, project management, and innovation (Uribe, Ortiz-Marcos and Uruburu, 2018) to an extent that an analysis of relations or links among stakeholders may provide pointers to measuring project stakeholder influence on innovation (Aragonés-Beltrán et al., 2017). This chapter presents the study’s theoretical framework. Based on Social Network Theory it discusses stakeholder network analysis as a possible way of understanding the interface among stakeholders and in turn mapping out the interaction within and between stakeholder networks and product and process innovation in a specific EPC project. The chapter reviews literature on indicators for innovation measurement and adoption focusing on Feng and Crawley’s (2008) definition of a Stakeholder Value Network. The chapter starts by introducing Social Network Theory (Section 5.2) and proceeds to discuss stakeholder networks at each of the phases of an EPC project (Section 5.3; 5.4; 5.5); the interface of EPC phases (Section 5.6); Stakeholder Value Network (Section 5.7); and Design Structure Matrix (Section 5.8). 

[bookmark: _Toc73431517]Social Network Theory
[bookmark: _Hlk5873311][bookmark: _Hlk5873546]Social Network Theory is to the effect that individuals are embedded in a web of social relationships and interactions (Borgatti, et al., 2009; Scott, 1988).  Social network analysis is premised on that relations and the patterns they form create social life (Marin and Wellman, 2010). Project stakeholders constitute a social network and interface among project stakeholders, when viewed from this perspective, occurs within stakeholder social networks. A social network-based understanding of interface among stakeholders can be achieved through first detailing the work breakdown structure of each phase of an EPC project. This is followed by mapping out stakeholder involvement at each stage to come up with a network of relationships that can indicate information and or knowledge flow within the network. This provides pointers to the flow of innovative ideas. Within an EPC project, stakeholder networks exist at least at three levels: within each phase (Engineering, Procurement and Construction); between phases (for example Engineering and Procurement) and across all phases. In social network parlance, each stakeholder represents a node connected to other nodes by relations and the connections constitute patterns studied as components of a social network during stakeholder analysis (Marin and Wellman, 2011). 
This chapter discusses stakeholder networks through analysis of the Work Breakdown Structure (WBS) at each phase and mapping out the knowledge flow which, according to Baron (2010), constitutes the Knowledge Breakdown Structure (KBS). Project Management Body of Knowledge (cited in Brotherton, Fried and Norman, 2008, p.2) defines a Work Breakdown Structure (WBS) as:
 "A deliverable-oriented hierarchical decomposition of the work to be executed by the project team to accomplish the project objectives and create the required deliverables. It organizes and defines the total scope of the project. Each descending level represents an increasingly detailed definition of the project work. The WBS is decomposed into work packages. 
Globerson (1994) defines it as the backbone of proper project planning, execution and controlling involving the slicing or decomposition of a large project into small segments in an organised manner. Similarly, Brotherton et al. (2008) consider it as foundational and a key input to, for example, project schedule network diagrams and project organisation. In that regard it can also be considered as a critical input into tracing the flow of knowledge and ideas through the project.
In linking the WBS and the KBS Baron (2010) is in line with Zhu et al.’s (2014) contention that an EPC project is predominantly a process of knowledge management so that levels of innovation depend on effective knowledge integration; Hau et al.’s (2013) view that from a social capital perspective, knowledge is an organisational resource embedded in a network of social relationships; and Inkinen’s (2015) suggestion that social capital is a key factor in achieving innovativeness through generation of productive ideas and collaboration within an organisation. Along the same vein Marin and Wellman (2011) posit that interaction of employees from different organisations creates a confluence of ideas, expertise, and tacit knowledge in the process combining previously disconnected ideas leading to innovation. 

[bookmark: _Toc12573010][bookmark: _Toc73431518]Engineering WBS
[bookmark: _Hlk5874004]Engineering phase involves translating functional requirements into detailed drawings and specifications that reflect all aspects of the project deliverables (Baron, 2010). It comes up with designs, production of lists, specifications, data sheets of required equipment and materials, and issuance of required documents for the construction site. The engineering stage involves multiple specialised areas the main being process, instrumentation and control, layout and piping, electrical, civil, equipment, and safety. Two steps involved in engineering are basic engineering and detailed engineering. Basic engineering is handled by the client organisation and its outputs are used for the call to tender for the EPC project. This is beyond the scope of this study. Detailed engineering involves the design process which, according to Parraguez, Eppinger and Maier (2016), comprises a system with interdependent domains namely process, organisation, and product domain. The process domain consists of a network of activities, the organisation domain consists of a network of people and the product domain consists of a network of components. There are interfaces within each domain and across domains. Interfaces facilitate information flow across activities in the form of networks of interactions. Management of the interfaces is critical as it has implications for improvements in the design process and therefore for innovation opportunities as some of its outcomes are documents for purchasing and building of plant equipment; production of specifications and bill of quantities; and production of detailed installation diagrams. Main disciplines and therefore stakeholders at this stage of an EPC project in the downstream oil and gas sector are summarised in Table 5.1.
[bookmark: _Toc12040701][bookmark: _Toc72704282]Table 5.1: Main disciplines at the Engineering Stage of EPC (Baron, 2010)
	ACTIVITY
	Process
	Equipment
	Instrumentation & Control
	Piping
	Electrical
	Civil
	Safety

	Diagrams
	X
	 
	X
	 
	X
	 
	 

	Geographical drawings
	 
	 
	X
	X
	X
	X
	 

	Architectural drawings
	 
	 
	X
	 
	X
	 
	 

	Calculations
	X
	X
	 
	X
	X
	X
	 

	Equipment specification & requisition
	 
	X
	X
	X
	X
	 
	 

	Site works specification
	 
	 
	X
	X
	X
	 
	 

	Hazard and operability 
	X
	 
	X
	 
	 
	 
	X



[bookmark: _Hlk41338037][bookmark: _Hlk41926641]Engineering is the first and most critical part of an EPC project and has far reaching implications for the other phases (Yi, Lee and Ahn, 2019). Engineering interfaces with the project client through receiving functional requirements, client specifications and design codes and submitting documentation to client and receiving comments and obtaining approvals. It interfaces with vendors through receiving their documents and providing comments on the same. Interface with procurement is through documents for procurement in the form of for example, bill of quantities and specifications of quality. The interface with construction is through providing construction drawings and specifications. 
 Managing information quality and flow at the interface is, according to Baron (2010, critical at the engineering phase of an EPC. Information needing to be interfaced through exchanges includes project owner (client’s) technical requirements; design criteria, data on the site, information from the various engineering disciplines - one discipline serving as input for another, procurement and various equipment vendors and suppliers, construction contractors and other third parties. The exchanges are multi-directional and constitute a network of both formal and informal relationships. At a formal level information is collected and distributed through formal, controlled documents that are listed on a register (Baron, 2010). It includes information that serves as input to the design and is contained in the Design Basis document and can only be altered through a formal Query from the client. Where there is to be a deviation from contractual requirements such are captured through a Deviation Request that has to be formally approved by the Client. Interface agreements are used to capture any technical information discussed and or agreed with third parties.
[bookmark: _Hlk41338235]Parraguez, Eppinger and Maier (2015) developed a modelling method integrating the network of people and the network of activities in a project and used network metrics for centrality and clustering to demonstrate a method for analyzing information flows between activities in complex engineering design projects. They illustrated how the network of information flows in a large-scale engineering project evolves over time. Given that information flow has been associated with the innovation (ideation, spread and adoption), understanding information flows within stages of a project can assist in studying innovation within an EPC project. Parraguez et al. (2015, p.4) define information flow as “the combination of information exchanges over a period of time and involves a sequence of information exchanges about usually interdependent design activities.” To that end the design of complex products and systems is considered a social process of transforming information. This implies that notwithstanding the formal processes of information flow, there is a parallel social process. Information flow defined Engineering design activities have been found to be connected by their information dependencies together with administrative controls.

[bookmark: _Toc12573011][bookmark: _Toc73431519]Procurement WBS
[bookmark: _Hlk41338303]Micheli and Cagno (2016) found links between procurement and project deviations which made them conclude that procurement has the greatest impact on an EPC project because of the importance of procuring quality products and ensuring timeous availability. Mapping out procurement components facilitates identification of procurement related risks within the procurement or supply chain structure. This enables project team members to take necessary remedies to reduce risk exposure (Cagliano, De Marco, Grimaldi and Rafele, 2012). The remedies could include introduction of new procurement methods or enhancing existing ones. Main components of the procurement WBS are, having received specifications and quantities from engineering, development of bidders’ lists; generation of purchase order pro-forma; issuance of contracts pro-forma; transportation and logistics; warehousing; and release to construction. Throughout the process there is interface and knowledge flows among those directly involved in the procurement processes creating a knowledge network. There are also risks relating to both the quality and timely delivery of procured items. It is in that regard that Cagliano et al. (2012) propose use of a Risk Breakdown Structure and Risk Breakdown Matrix, within the procurement WBS to increase awareness of supply chain risks. They posit that this enhances awareness of risks. Awareness of risks would lead to adopting innovative approaches to minimise the possible negative impact on the project since the construction phase of an EPC project depends on materials from the procurement phase. 

[bookmark: _Toc12573012][bookmark: _Toc73431520]Construction WBS
[bookmark: _Hlk41338418]Construction uses materials supplied by Procurement, guided by drawings provided by Engineering. Main activities in the construction WBS follow the sequence: general construction plan, site layout plan, temporary facilities; geotechnical investigation, mass earth-works, structural concrete, structural steel, mechanical and electrical equipment, piping, raceway; instrumentation and controls, system turn-over, start-up commissioning, performance run, and lastly turn-over to end-user (Fox, n.d.). Throughout the process, as per Baron (2010) there are knowledge packets as information flows within construction phase and across with the other phases. 

[bookmark: _Toc12573013][bookmark: _Toc73431521]Interface of EPC Phases 
WBS indicate engineering phase as the focal point in an EPC project in as far as in the information sharing process it interfaces directly with the other two phases: with Procurement in terms of providing the specifications and quantities of materials and with Construction in terms of providing construction drawings and specifications, and with the client organisation in terms of receiving specifications, submitting documents and obtaining approvals. This is illustrated in Figure 5.1. Where the interface occurs, there is information sharing through formal mechanisms and knowledge sharing through less formal mechanisms. These inter-functional interactions whether coordinated or not result in the formation of or constitute a network of stakeholders where there is a patterned flow of information. 
[image: ]
[bookmark: _Toc12040728][bookmark: _Toc72704074]Figure 5.1: EPC information flow Knowledge Breakdown Structure (Baron 2010, p.11)

[bookmark: _Hlk41338531][bookmark: _Hlk41932440]It is apparent that within an EPC project while each phase has its own WBS within which are information flows, outputs of one phase serve as inputs of the next resulting in a wide range of complex knowledge and intellectual creativity activities that constitute a project knowledge network (PKN) and all the knowledge of a project resides within the network (Zhu, Sun, Xu and Haider, 2014). The smallest structural unit of the PKN is the knowledge package which carries both explicit (tangible and codified) and implicit (professional skills, experience, insights, intuition etc) knowledge accumulated over time (Zhu et al.  2014). Where explicit knowledge is transmitted through formal channels such as documentation, implicit knowledge resides in and is transmitted through individuals or groups, its integration at the business, and therefore project level, can be realized through stakeholder knowledge network. Zhu et al.  (2014) posit that “communication and application of implicit knowledge … is the process of knowledge sharing and innovation” (p.709). To that end, stakeholder knowledge networks enable the development of an organisational (or within project) knowledge system that is supported by implicit knowledge from both within and outside the project that is beneficial to the EPC project.  The distribution of knowledge within a stakeholder knowledge network determines the levels of knowledge sharing, application and innovation. Zhu et al.  (2014) suggest that correlation among stakeholder knowledge network nodes indicates the implicit knowledge communication path in the EPC project as it breaks the functional boundaries among and between the stakeholders and in that way enabling formal and informal knowledge transfer and facilitating innovation as illustrated in Figure 5.2. 
[image: ]
[bookmark: _Toc12040729][bookmark: _Toc72704075]Figure 5.2: The correspondence between Project Knowledge Network and Stakeholder Network (Zhu, Sun, Xu and Haider, 2014)

[bookmark: _Hlk41371134]In an EPC project, knowledge networks cut across the three phases of Engineering, Procurement and Construction and are also within each phase’s life cycle as illustrated in Figure 5.3. The strength of the links or relationship depend on participant involvement in the phase and part of the project life cycle. I, II and III indicate period involvement of stakeholders in specific stages of a project life cycle (Zhu et al.  2014). Within an EPC project this can be viewed as occurring at least two levels: at the EPC project phase level – E, P, or C and within each of the phases since within each phase there is a life cycle. This is illustrated in Figure 5.3 which is an adaptation of Zhu et al.  2014 evolution of cycle of stakeholder knowledge network.
[image: ]
[bookmark: _Toc12040730][bookmark: _Toc72704076]Figure 5.3: Evolution cycle of within phases Stakeholder Knowledge Network
Source: Own construction adapted from Zhu, Sun, Xu and Haider, 2014

In Figure 5.3 above, Engineering, Procurement and Construction refers to the periodic network of stakeholders during each of the three phases of the EPC project. Under each phase, I, II and III refer to the periodic involvement of stakeholders within the project life cycle of a phase. In both diagrams solid lines represent strong links that are likely to occur among stakeholders in the same phase or same field of specialisation or where the nature of work demands stronger links as is the case between engineering and construction. Broken lines represent weak links. Zhu et al.  (2014) opine that within various stages of an EPC there is knowledge input and output which are part of the knowledge management processes and that the ultimate output of knowledge forms knowledge innovation. They propose that innovation in an EPC project is nurtured by a knowledge integration model that is based on a Knowledge Breakdown structure (KBS) that mirrors the project’s WBS. The KBS integrates the EPC project knowledge network on the one hand and on the other the knowledge network based on the stakeholders resulting in the spiral evolution of knowledge integration in the EPC project. This then nurtures innovation since the stakeholders within the stages of a project (who constitute the network), carry, share and apply the knowledge. The network then becomes the platform for innovation as demonstrated in Figure 5.4.
[image: ]
[bookmark: _Toc12040731][bookmark: _Toc72704077]Figure 5.4: Innovation model based on KBS based on WBS of EPC project and resultant spiral evolution of knowledge integration (Zhu, Sun, Xu and Haider, 2014)

[bookmark: _Toc12573014][bookmark: _Toc73431522]Stakeholder Value Network 
Feng (2013 cited in Hein et al., 2017, p. 4) defines a stakeholder value network as:
 “A multi-relational network consisting of a focal organization, the focal organization’s stakeholders, and the tangible and intangible value exchanges between the focal organization and its stakeholders, as well as between the stakeholders themselves.” 
In the case of an EPC project, the focal organisation would be the main contractor representing the interests of the project owner. Within the network, stakeholders include actors in the three phases of the project and are represented by nodes. Social and economic exchanges between stakeholders are represented by value flows that are indicated by directed edges (Hein et al., 2017).  Marin and Wellman (2011) posit that the edges may also be undirected implying a flow that goes in either direction.  The flows can be described in terms of density as strong or weak; may involve multiple nodes, and may have some nodes acting like bridges; and may have a dominating central node (centrality) (Marin and Wellman, 2011 citing Freeman, 1979). Hein et al. (2017) determined the relative power of stakeholders by calculating the weighted occurrence of stakeholders in all value loops. In the case of innovation within and between the WBSs of the phases of an EPC project, tacit knowledge, as reflected in the knowledge breakdown structures, can be viewed as the relevant value flowing through the stakeholder network. Weightings of the value of the knowledge flows to innovation, and therefore their influence, can be determined through their contribution to stakeholder objectives and needs within and between WBSs of the EPC project.  Contribution can be inferred from mapping relationships. 
 
[bookmark: _Toc12573015][bookmark: _Toc73431523]Design Structure Matrix
[bookmark: _Hlk41933517]In complex engineering projects with multiple stakeholders, as is the case in EPC projects, a design structure matrix (DSM) is used to map relationships among elements of a system (Xiao and Chen, 2010) through offering network modelling tools that capture system elements and their interactions. It is compact, visual and intuitive offering analytical capacity and flexibility. Yassine (2004) posits that it differs from traditional project-management tools due to its focus on information flows rather than workflows. This aspect, according to Epping (2001) makes it suitable for depicting innovation processes especially relating to product innovation as it allows for complex learning that depends on the existence of feedback loops.  
The process of developing a DSM involves: 
i. Identifying the information needs of the tasks as reflected in the WBS.
ii. Listing the tasks in the order in which they are performed.
iii. Arranging the tasks horizontally and vertically in the order in which they are performed.
iv. For each row corresponding to a task, identifying and marking off information inputs required to complete the task.
v. For each column looking down identifying and marking off all information outputs to be provided to other tasks.

[image: ]
[bookmark: _Toc72704078]Figure 5.5: Developing a DSM 
Source: Derived from Epping, 2001

The success of the method depends on the extent to which the collected dependence relationships are accurate and on the decomposition of the system (Yasine, 2004). In an EPC project it is the phases of the project being decomposed into meaningful systems and subsystems captured in the WBSs and the KBS which also reflects the actors or stakeholders within the structures. Appropriate decomposition is achieved through studying the project documentation such as design manuals and project schedules and through conducting structured expert interviews (Yasine, 2004). 
DSM has been found relevant in understanding stakeholder relationships (Feng et al., 2010) and therefore within an EPC, appropriate for tracing influence on both process and product innovation. It has, for example, been used in construction projects (Pektaş and Pultar, 2006) and engineering design (Browning, 2016). 
DSM model is appropriate for mapping the flow of innovation related value within an EPC project given that innovation is information and or knowledge driven.  In the current study, the elements in the rows and columns would be the various stakeholders (being the repositories of knowledge and information) in each part of the WBS. Using the example derived from Figure 5.5 within an EPC project, Figure 5.6 illustrates a possible DSM for a component of an EPC project. It illustrates that tasks A to J in Figure 5.5 could be stakeholders expressed as SH1 to SH10. SH1 (Task A in Figure 5.6) may be the main stakeholder, the lead EPC contractor who needs information from the project owner to get the EPC project going but does not need similar information from all the other stakeholders. SH1 being the lead EPC contractor would provide information to SH2, SH3, SH4, SH9 and SH10 who may be other stakeholders within various parts of the WBS for the phases Engineering, Procurement and Construction. Stakeholders within each of the phases would also have providers of information and while also providing information.  

[image: ]
[bookmark: _Toc12040733][bookmark: _Toc72704079]Figure 5.6: Stakeholders DSM

[bookmark: _Toc12573016][bookmark: _Toc73431524]Summary
This chapter discussed stakeholder analysis within the context of social network theory given that project stakeholders constitute a social network.  Stakeholder networks were discussed through analysing the WBS at each phase of an EPC project and mapping out the flow of knowledge and information as proxies of possible levels of product and process innovation within an EPC project. Engineering’s involvement in translating functional requirements into detailed drawings and specifications that reflect all aspects of the project deliverables was noted to make it the most critical part of an EPC interfacing directly with both Procurement and Construction. Given the general complexity of relationships within EPC projects, a DSM, itself based on mapping relationships and therefore grounded in Social Network theory, is relevant in enhancing understanding project stakeholder relationships, knowledge flows, and tracing process and product innovation. The next Chapter discusses the study’s methodology and presents a more detailed explanation of the study’s use of Social Network Analysis as a framework for mapping the flow of innovation related value within Project Alpha EPC. 




[bookmark: _Toc73431525]Methodology
[bookmark: _Toc12573018][bookmark: _Toc73431526]Introduction
This chapter discusses the study’s methodology used to assess the interaction of project stakeholders and process and product innovations in Downstream EPC projects. The chapter has the following sections: research philosophy paradigms (Section 6.2); research design (Section 6.3); data collection methods (Section 6.4); data analysis (Section 6.5); summary of the data collection and analysis procedure (Section 6.6); and concludes by discussing the study’s handling of ethics issues (6.7).  

[bookmark: _Toc73431527]Research Philosophy Paradigms
Corbin and Strauss (2008) describe methodology as a way of thinking about and studying social phenomenon. Bryman (1984) describes it as an epistemological position and a justification for using a particular method over others. Methods are the techniques and procedures used to gather and analyse data (Corbin and Strauss, 2008). Various terms are used to describe research approaches and strategies.  Saunders et al. (2012) definitions and description of the different research terms were adopted for anchoring the discussion on the methodology and methods used in the current study. Saunders et al. (2012) conceptualise research methodology and methods in the form of an onion with the outer parts representing a researcher’s philosophy which guides their methodological choices which in turn determine the strategies they employ, and the techniques and procedures used to collect the data. This is summarised in Figure 6.1.
[image: ]

[bookmark: _Toc72704080]Figure 6.1: Conceptualisation of research. Saunders et al. (2012)

Research philosophy or paradigm represents a researcher’s system of assumptions and beliefs on knowledge development and therefore on how data on a phenomenon must be collected, analysed, and utilised (Creswell and Plano-Clark, 2011; Saunders, et al., 2012). Guba and Lincoln (1985) posit that paradigm issues are so important that no researcher should proceed without being clear about the research philosophy informing and guiding their approach. Understanding research philosophy issues helps to clarify research designs, help the researcher pick a suitable design as it highlights the limitations of a design and enables the researcher to develop novel designs that are outside their past experiences or to adapt existing ones (Easterby-Smith et al., 2012). A researcher’s preferred paradigm is guided by the ontological question, the epistemological question, and the methodological question (Guba, 1990). 

0. Ontological question
The ontological question concerns one’s beliefs on the form or nature of reality (Saunders, et al., 2012; Denzin and Lincoln, 2000). Two main ontological positions are objectivism and subjectivism. Objectivism believes that there is a true social reality which is both external to and independent of the researcher (Gallagher, 2008) and that all reality has properties and consist of entities that have relations binding them at any particular point in time (Lakoff, 1987). Subjectivism perceives social reality as constructed by those engaged in it through social interaction to derive meaning through the process. The truth of such reality is found through a rigorous interpretation process (Salvador, 2016).

6.2.2 Epistemological Question
 Epistemology is about how the truth is known and clarifies the relationship between the researcher and the phenomenon being studied. Common epistemological positions are positivism and interpretivism. Positivism is associated with objectivism and based on the assumption that human behaviour is governed by laws and that there are objective facts that can be measured or observed in a quest for objective knowledge (Silverman, 2010). Interpretivism is associated with subjectivism and is based on viewing reality as socially constructed through the understandings and meanings developed experientially and socially (Johnson, 2006).  Positivism is underpinned by a quantitative approach and interpretivism a qualitative approach to data gathering and analysis. 

6.2.3 Methodological Question
The methodological question addresses how the researcher can go about knowing that which they want to know. The research methodology for data collection could either be qualitative, quantitative or a mixture of the two. Quantitative methodology involves the mathematical representation of an observed and measured data that can be used to explain a phenomenon (Creswell, 2014). It is used for testing theory through the analysis relationships among variable (Creswell, 2014). Data is generally collected through surveys and experiments are the commonly used methods of collecting data for quantitative studies. Quantitative studies can be classified as descriptive, developmental, correlational, ex post facto, experimental or quasi-experimental (Bernard, 2013).  Qualitative method studies things in their natural setting, attempting to interpret phenomena in terms of the meanings people attach to them (Denkin and Lincoln, 1994). The goal of qualitative research is to understand a particular situation or phenomenon from the perspective of those involved in it (Leedy and Ormrod, 2005).  
Quantitative and Qualitative methods are mixed when using both methods is likely to provide a better understanding of a phenomenon than when using a single method (Cameron and Molina-Azorin 2011). Johnson and Onwuegbuzie (2004) posit that use of multiple methods leads to superior research findings than when using one method. Similarly, Jogulu and Pansiri (2011) opine that when vigorously combined, multiple methods lend a better understanding of complex social phenomenon.  

6.2.4 Methodological Choice
Given this study’s intended use of social network analysis as a framework for uncovering the complexity of interaction between project stakeholders and process and product innovation outcomes in downstream EPC oil and gas projects, it draws from both the qualitative and the quantitative methods and in that regard falls within a mixed methods design. Creswell (2014) defines mixed methods as involving the collection and or analysis of qualitative and quantitative data in a single study with the data being collected concurrently or sequentially and the data being integrated at some stage(s) in the process of the study. Opting for mixed methods is consistent with observations made elsewhere that trying to position network research within either the qualitative or the quantitative paradigm is problematic based on how the two paradigms are classified in literature. According to Hollstein (2014) social network analysis is neither quantitative nor qualitative but is structural. In that regard in the context of network analysis what is referred to as quantitative data is data describing relations, interactions, and structures of networks in formal terms using numbers. Qualitative network data refers to when aspects of networks are described in text form, for example where an actor explains the nature of their relations with other network members. Mixed methods have been used successfully in a related study on social networks and innovation (Kolleck, 2013). Edwards (2010) notes that because social networks are a mixture of both structure and process, mixing qualitative and quantitative methods in network analysis can enables researcher to explore a network’s structure from both an ‘outsider’s’ view and its content and processes from an insider’s view.  

[bookmark: _Toc73431528]Research Design – Social Network Analysis
The study will be in the form of a social network analysis-based case study of an EPC project implemented by a major Oil and Gas Company in UAE. Case study involves focusing on a single case’s particularity and complexity to understand its activity within specific circumstances (Stake 1995). The unit of analysis in a case study is a single organisation (Yin, 2003). Case study is usually criticised for its inability to render generalizable findings. In this instance the researcher’s interest is not so much to generalise the findings beyond the population under study, but rather to reach a conclusion on the case being investigated that is based on rigorous interrogation of relevant data. The use of Case study research has been accepted as a valid form of inquiry when exploring complex issues where human behaviour social interactions are at the centre of the investigation (Harrison et al. 2017) as is the situation in the case of complex stakeholder relations within an EPC project.  
According to Marin and Wellman (2009) Social network analysis is not a theory, neither is it a methodology, but is a research paradigm. It is based on the premise that social life is a product of relations and the patterns they form.  However, elsewhere Social Network Analysis is presented or considered as a methodology (Chaudhary and Radhakrishna, 2018) or as an approach or a set of methodologies (De Brún and McAuliffe, 2018). In this study social network analysis is used as a method or strategy for understanding product and process innovation implemented in Oil and Gas EPC projects in the context of stakeholders’ interactions.  
Davies (2009) defines a social network as actors that are connected by some relationship. Butts (2008) posits that a social network consists of a set of ‘entities’ that are distinct, are uniquely identifiable and their number is known and therefore fixed. The entities have or are linked through relationships designated as lines, paths or ties which may show the direction of information flow (Woodland, Barry and Roohr, 2014). Entities are also referred to as nodes or vertices (Woodland, Barry and Roohr, 2014). The network entities or nodes are classified based on the structure of the network as: stars being those with the highest number of connections, appearing in the centre of the network; nodes that connect nodes that are otherwise unconnected are labelled bridges  functioning as information channels; bottlenecks serve the same purpose as bridges but also decide on what information flows and where it flows to; and nodes with few or no ties are labelled an isolate (Woodland, Barry and Roohr, 2014).
Social network analysis refers to methods used to measure, represent and analyse the structure of the social relationships. It takes two main forms: whole network analysis and egocentric analysis. The former aims at understanding the relationships among all network actors and is used when all the actors are known. The latter is used in situations where the intention is to identify a single actor’s complete network or where a complete network’s boundaries or membership is not known. 
Main areas of inquiry in social network analysis include the flow of exchange of resources, ideas, information, influence and innovation diffusion (Edwards, 2010). According to Digital Promise (n.d.) the first step in Social Network Analysis is establishing the network’s basis. This involves classifying the network as either a bounded network where the number of network members is known, or an unbounded network where the membership is not set. In this study the network is bounded as network participants are known. The second step is to define and refine the research questions. The third step is determining the kind of network connection data to be collected. This study collects network data on relations among stakeholders and activities as seen through the direction and frequency of interaction. The fourth step is selecting data collection tools with the common methods being dependency matrix. Step five is the selection of the method of data collection which relates to sampling method used to select the participants the common ones being full network method and snowball method. This study uses full network method as it deals with a bounded network. The sixth step is that of mapping the network and visually analysing the data using appropriate software. This study uses Gephi, an open source and free software widely used for visualisation and exploration of relationships (gephi.org).
Social Network Analysis was chosen as an appropriate data collection and analysis method for this study because of its capacity to facilitate the visualisation and understanding of the various relationships (both formal and informal) that are relevant for innovation in the EPC project. It involves studying the structure of interaction relationships among members of a network which include innovation diffusion (Edwards, 2010). Social Network Analysis therefore lends itself to facilitating understanding of linkages between the flow of innovative ideas through interactions within a network. Other studies have successfully used Social Network Analysis to understand aspects related to innovation. Cross, Parker and Borgatti (2002) used it to understand knowledge creation and transfer. For Cross, Parker, Prusak and Borgatti (2001) it provided “an X-ray” of what happens in informal networks as they sought to understand relational qualities that promote knowledge sharing. Breznik (2016) used it to identify innovation clusters. Social Network Analysis’ focus on relationships among entities makes it appropriate for understanding complex stakeholder relationships found in EPC projects. 
[bookmark: _Hlk66820997]Social Network Analysis as a research methodology has been successfully used in innovation related studies in various contexts. Van Der Valk and Gijsbers (2010) identified networks of collaboration; communication networks; and networks of technology as innovation related themes that could benefit from use of social network analysis in mapping relationships among actors. Kolleck (2013) used social network analysis approach combined with qualitative data in studying innovation in the education sector. Cammarano et al.  (2017). used the approach to investigate the impact of network strategies on innovation strategies in the bio-pharmaceutical sector while Yokura, Matsubara and Sternberg (2013) employed it in studying research and development networks and regional innovation within joint research projects in Japan. Hermans et al. (2017) used social network analysis as a framework for investigating opportunities and constraints for innovation scaling in the agricultural research sector. More recently, Lombardi et al. (2020) investigated the impact of social innovation on marginalised rural communities from a social network analysis approach while Gebhardt, Riel, and Maes (2020) used the same to study the evolving social context of innovation projects. Given this study’s focus on innovation in a project environment, social network analysis is appropriate for understanding stakeholder interactions and innovation diffusion within the project.

[bookmark: _Toc73431529]Data Collection Methods
Consistent with Hanneman and Riddle’s (2005) observation that social network analysis rarely use sampling but rather conduct a census of the population, this study’s participants are all the identified stakeholders and activities of Project Alpha. The project was a Greenfield EPC project whose aim was to ensure a continuous supply of gas to main Abu Dhabi industries and to the Northern Emirates. The project presented an ideal cite given that it represents an important element for achieving  UAE 2030 Smart Growth Strategy by maximizing the value from hydrocarbon resources, and strengthens the UAE’s gas and energy infrastructure by allowing uninterrupted gas supply to Abu Dhabi and the Northern Emirates. Having been completed in a record time of 16 months, it was assumed that it would have presented a number of innovation opportunities.
The data collection process was in three stages: stakeholders related data; activities related data; and innovation outcome related data. The study population were the 182 group of stakeholders and 3231 activities identified using the Activity Distribution Matrix (ADM) as explained in the next sections. 

0. Data Collection Stage 1 – Identification of Stakeholder networks
Project stakeholders’ data were collected using the Activity Distribution Matrix (ADM), a formal document that is derived from the project planning package and issued at the start of the project to identify all project activities and stakeholders associated with these activities.  The ADM was used to generate a Dependency Matrix illustrating relationships among the stakeholders. The ADM identified each stakeholder and the nature of their role which were coded as Responsible or Review (R), Accountable or Approval (A), Consulted or Comment (C) and Informed or Information (I). The stakeholders were identified based on the project’s actual data. In that regard a list of project stakeholders was drawn from the Engineering, Procurement and Construction phases. The output of this stage was a listing of 182 project stakeholders spread across the EPC project. Within each phase stakeholders were grouped by Activity. This grouping enabled the researcher to identify formal stakeholder involvement both within each phase and across the phases.  
The ADM is appropriate for identifying stakeholders at each phase of the EPC for several reasons.  The ADM captures the formal role or input of a stakeholder in an activity. According to Eyiah-Botwe, Aigbavboa and Thwala (2016), a stakeholder’s role may change during different phases of a project so that their classification does not represent a permanent label. In that regard, the ADM provides a stakeholder’s role on an activity-by-activity basis and therefore reflects the most accurate position. Rowley (1977) also justifies the appropriateness of ADM for identifying stakeholders through the view that stakeholder influence on innovation is a collective effort resulting from the ‘interaction of interactions.’ The ADM is a vivid and formal presentation of such interactions.

13. Engineering stakeholders
Table 6.1 presents an extract from the Engineering ADM. A detailed listing of Engineering stakeholders and their roles is presented in Appendix A.
[bookmark: _Toc72704283]Table 6.1: Extract from Engineering ADM
[image: Table

Description automatically generated]

 
13. Procurement stakeholders
Table 6.2 is an extract from the Procurement ADM. Appendix B presents a complete listing of the Procurement phase stakeholders.

[bookmark: _Toc72704284]Table 6.2: Extract from Procurement phase ADM
[image: Table

Description automatically generated with medium confidence]

13. Construction stakeholders
An extract from the Construction phase ADM is presented in Table 6.3. The complete list of the phase’s stakeholders is presented in Appendix C.
[bookmark: _Toc72704285]Table 6.3: Extract from Construction phase ADM
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0. Data Collection Stage 2 - Identification of Activities relationships
The second stage of data collection involved collecting data related to project activities and their relationship with each other. The project WBS and planning schedule were used to identify project activities during Engineering, Procurement and Construction phases. 3231 activities distributed as follows: 1607 in Engineering, 875 in Procurement and 749 in Construction phase were identified. The relationship between activities were identified using the successor relationship between activities. Accordingly, an Activity Matrix was generated. A small portion of the matrix is illustrated in Table 6.4. 
[bookmark: _Toc72704286]Table 6.4: Activities relationships matrix
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Based on the relationships in table 6.4, a dependency matrix of the Activities was generated. This is exemplified in Table 6.5.
[bookmark: _Toc72704287]Table 6.5: Activities Dependency Matrix
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As illustrated in Table 6.5, a relation is identified between G1000 and G1010, G1010 and G1050, and between G1020 and G1030. The relationships between each pair of activities is classified as dependent.  For example, the relation between G1010 and G1000 is such that G1010 is sequential to G1000. The relationship is illustrated in Figure 6.2. 
[image: ]
[bookmark: _Toc72704081] Figure 6.2: Sequential relationship
0. Data Collection Stage 3 - Identification of Innovation Outcomes
The study’s dependent variable is innovation within the project. Consistent with diffusion of innovation theory (Rogers, 1983 cited in Woodland, Barry and Roohr, 2014) it is expected that the strength and attributes of the social network within the EPC are indicative of the occurrence or otherwise of innovation within the various activities of the project.  
Given this study’s focus on product and process type innovation within EPC projects, in its consideration of innovation measures it adopts the OECD Oslo manual’s (OECD, p.9) definition of process innovation as: “the implementation/adoption of new or significantly improved production or delivery methods. It may involve changes in equipment, human resources, working methods or a combination of these.” And that of product innovation as: “the implementation/ commercialisation of a product with improved performance characteristics such as to deliver objectively new or improved services to the consumer.” To measure process and product innovation the study is guided by Un and Asakawa’s (2015) highlighted differences between product and process as illustrated in Table 6.6 as these have implications for applicable measures.

[bookmark: _Toc72704288]Table 6.6: Difference between product and process innovation (Asakawa, 2015)
	Dimensions of Analysis
	Process Innovation
	Product Innovation

	Objectives of the innovation
	Efficiency
	Novelty

	Value of innovation
	Internal 
	External

	Degree of novelty valued 
	Incremental
	Radical

	Codifiability of knowledge 
	Unclear, obscure, tacit, lower
	Clear, concrete, explicit, higher

	Location of knowledge or substitutability
	Organizational, interdependent
	Technological, independent



Process innovation measures that have been highlighted in literature include: reduction or containment of costs and other inputs (Janger et al., 2017); innovation speed (Wang and Wang 2012);  amount of time taken to develop the next generation of a product (Ivanova and Avasilcăi, 2014);  innovative activities (Therrien and Mohnen, 2003); the difference between plans and implementation (Kim, 2014); and satisfying customer needs through adding new functions (Duhamel and Santi, 2012; Dewangan and Godse, 2014). Product innovation measures include: visibility of advantages of an innovative product to a customer; ease of use or access of a product’s functionality; quantity of new product ideas; future usability of products; performance of the new product after launch (Dziallas and Blind, 2018 citing Cooper, 1999; Astebro and Michaela, 2005; Cooper and Kleinschmidt, 1993; Astebro and Michaela, 2005); successful commercialization of innovations in terms of high sales rates (Astebro and Michaela, 2005).
From literature it is apparent that there are no agreed innovation measures. In the current study process innovation will be measured based on the OECD Oslo manual’s (OECD, p.9) definition of process and product innovation.  Data on the EPC project’s process innovation will be obtained through soliciting participant opinions on changes in equipment, human resources, working methods or a combination of these that could have resulted in cost savings; faster implementation compared to similar other projects they have participated in and or compared to set targets; and beneficial changes to processes. Rammer (2016) posits that it is possible to employ quantitative output measures of product innovation across different sectors noting that it has been widely used and even found superior to simple binary measures that do not link product innovation to economic results (citing European Innovation Scoreboard, European Commission 2016;  Klingebiel and Rammer 2014). 
Data on product innovation was obtained through analysing stakeholder involvement in activities.  Stakeholders are assumed to influence activities that influence innovation so that the relationship between stakeholders and innovation is through stakeholders’ performance of some project activities. 
Literature indicates that the engineering phase of an EPC project has the highest influence as it involves identification of client needs and coming up with designs to address the expected deliverables while reducing the need for rework at later stages, especially at construction stage. Rework leads to escalating costs and has been attributed to coordination problems among the design teams at engineering stage (Chandrusha and Basha, 2017; Kamalirad et al. 2017; Safapour and Kermanshachi). Wilson and Odesola (2017) found omissions and errors in design documents, poor communication among project team members, design changes, none verification of the site by team members and absence of as-built documentation to have been leading causes of design related rework in oil and gas projects. Innovation in the engineering phase of a project can therefore be measured through outcomes of reduced rework, reduced costs and time realised at the construction phase emanating from use of updated design methods. For example, experiencing a lot of rework would imply more time and costs being used, a situation which, according to Wilson and Odesola (2017) would be indicative of poor interaction, and therefore inadequate information or knowledge sharing in the project engineering phase. 
At product level, innovation at the Engineering phase can be measured through outcomes in the impact of the final product on public health and safety and quality of the product. According to the Oslo Manual (2018), improving public health and safety, and improving the quality of goods and services are among outcome measures of innovation.
In the procurement phase innovation can be measured based on the outcomes of the collaboration between equipment suppliers and the user organisation. Studies have noted that development and installation of new equipment in production plants is associated with collaboration between the organisation putting up the production plant and its suppliers (Sjödin and Eriksson, 2010).  This is confirmed by Sjödin (2011) who highlights the essentiality of collaboration in the transfer of equipment specific knowledge between the supplier organisation and the receiving organisation engaged in production or construction work as the installed equipment may need continuous fine tuning. Basu (2017) highlights that another critical element of procurement that contributes to project success is cost effective and correct delivery of project inputs. Along the same vein, Laradi (2017) identifies procurement aspects as presenting risks to project success.  Micheli and Cagno (2016) posit that procurement within an EPC project has the biggest impact since purchasing may account for as much as 80% of the project’s total value with as much as 45% being critical supplies. The need to achieve cost effectiveness, punctuality, right quantities and quality provide possible areas of innovation measurement as outcomes in those areas impinge project success. Stressing the importance of on time inputs delivery, Wolf (2010, p15) notes that “To the workers, rework and waiting for materials translates into incompetent project management.” Process innovation outcome measures that will be derived from procurement phase relate to outcomes of on time delivery and cost-effective sourcing methods.
In construction phase the end result of innovation is observed in outputs such as projects that meet or exceed cost, quality, schedule and safety goals (Gambatese and Hallowell, 2011). Xue et al. (2014) identify outcomes of construction innovation as also including corporate performance, quality improvement, client satisfaction, improved corporate image, shortened project duration, environmental performance and enhancement of quality of life.
Although it may be possible to measure innovation at the different phases of an EPC, because the effect of some innovation cuts across the phases, this study measures innovation from process and product perspective without making any distinction based on EPC phase. Table 6.7 summarises the innovation measures used in the study and literature supporting the applicability of the measures.  

[bookmark: _Toc72704289]Table 6.7: Innovation measures used in the study
	Type of Innovation
	Innovation Outcome Measures
	Supporting Literature

	Process
	
	Wolf, 2010; Wilson and Odesola , 2017; Wang and Wang, 2012

	
	Creative design resulted in reduced implementation time;
	

	
	Creative ideas used to improve procurement activities
	Basu, 2017; Micheli and Cagno, 2016

	
	Creative design and installation ideas resulted in reduced operational cost
	Wilson and Odesola, 2017 

	Product
	Creative design resulted in reduced production cost;

	Janger et al., 2017; Chandrusha and Basha, 2017; Kamalirad et al. 2017; Micheli and Cagno, 2016

	
	Creative design and installation and procurement resulted in improved public health and safety associated with the product
	Oslo Manual, 2018; Xue et al., 2014

	
	Improved quality of materials and equipment that resulted in achieving or exceeding industrial standards.
	Gambatese and Hallowell, 2011; Xue et al. 2014



Data on product innovation was obtained through asking participants to identify activities that resulted in innovation outcomes and to insert their input in the Dependency Matrix as illustrated in Table 6.8. The feedback received was verified with the project deliverables as depicted in project documents to ensure consistency and accuracy. Further, verification enabled the researcher to identify informal stakeholder influence on both activities and innovation. For example, a stakeholder could be found to have identified themselves as having been involved in an activity yet the official documents would not have captured their involvement. The final data were populated in a Dependency Matrix as illustrated in Table 6.9. The dependency matrix was circulated to stakeholders for them to confirm completeness of the captured activities. Where necessary, the dependency matrix was adjusted and a final version was issued.

[bookmark: _Toc72704290]Table 6.8: Observed innovation by activity
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[bookmark: _Toc72704291]Table 6.9: Stakeholder influence on innovation data captured in DSM
	
	Stakeholder
1
	Stakeholder
2
	Activity
1
	Activity
2
	Innovation
1
	Innovation
2

	Stakeholder1
	
	
	
	
	
	

	Stakeholder2
	
	
	
	
	
	

	Activity1
	
	
	
	
	
	

	Activity2
	X
	
	
	
	
	

	Innovation1
	
	
	
	X
	
	

	Innovation2
	
	
	
	
	
	



The example captured in Table 6.9 illustrates that Stakeholder1 impacted Activity2 which impacted Innovation1. The relationship is as illustrated in Figure 6.3. 
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[bookmark: _Toc72704082]Figure 6.3: Stakeholder influence on innovation

0. Data collection Stage 4 – Quantitative survey
In order to validate the occurrence of innovation in the EPC project through triangulating the results obtained from earlier stages of data collection, a questionnaire survey was administered on a selected group of stakeholders representing each phase of the project. The questionnaire had six questions asking respondents to rate stakeholders’ contribution towards reducing the project duration; improving the procurement activities; reducing the project (unit) operational cost; reducing production (manufacturing and execution) cost; meeting health and safety requirements; and achieving the industry standards. Using triangulation through use of multiple methods of data collection to validate study results is consistent with studies that have suggested that such an approach provides corroboration evidence and thus enhances confidence in research results (Turner and Turner, 2009).
The questionnaire survey (Appendix D) was e-mailed to 300 professional project members who are working in EPC projects in the oil and gas sector in UAE. Selection was based on simple random sampling where all members had equal chance of being selected. The sample size was guided by the need to have at least 50 valid responses in line with Delice’s (2010) view that in a quantitative study a sample size of between 30 and 500 is sufficient. Responses were received from 60 participants representing a 20% response rate. This was considered adequate for purposes of triangulating the study’s findings.  

[bookmark: _Toc73431530]Data Analysis
Analysis of the data was conducted in three stages: visually mapping out the network using social network analysis tools; measuring and modelling of network structural properties to facilitate understanding of the intensity of interaction among stakeholders and within activities; analysis of stakeholder involvement in activities linked to innovation; and quantitative analysis of data from the quantitative survey.

2.0.17 Visually mapping stakeholder networks and activities
Four sets of networks were mapped out: sets for each of the phases of the EPC project, and a set for the whole EPC project. These are explained in detail in the respective chapters (Chapters 7, 8, 9 and 10).  The major output of this stage of analysis were the networks of stakeholder relations and of activities linkages which were used as indicative of information flow and knowledge sharing within the networks. Given the association of knowledge or information sharing and innovation (Wang and Wang, 2012), analyses of the relationships and linkages were used to trace influence on innovation.  

6.5.2 Social Network Analysis Measures
Measuring and modelling of network structural properties facilitates understanding of intensity of interaction between individuals or entities in the network and clarifying those acting as bridges, bottlenecks, isolates and stars. Similarly, in a knowledge network it illustrates and quantifies knowledge flow. Given that innovation has been said to be a result of knowledge sharing, in a network measuring and modelling the structural properties of knowledge sharing nodes can help explicate levels of influence on innovation within a given network. According to Rogers’ (1962 cited in Woodland, Barry and Roohr, 2014) diffusion of innovation theory, the spread of innovation among actors is aided or impeded by social relationships within the network. Relevant network structure elements are: density which refers to the number of lines in a network, degree which is the number of connections for a specific node; looseness centrality referring to the total distance of a node from all other nodes; and betweenness centrality referring to the frequency with which a node needs a specific node to reach another node (Woodland, Barry and Roohr, 2014). 
The network of each phase of the EPC project was mapped to reflect the activities and the information sharing, both formal and informal among involved stakeholders. Network characteristics were measured to establish density of stakeholder relationships and centrality. 
Network Density
Network density refers to the number of connecting lines in a network. It is derived from dividing the number of actual connections between nodes by the network’s potential number of interactions. When a network’s density approximates 1 it is indicative of strong connections among all the stakeholders of an EPC project. Such a situation would suggest high levels of interaction and therefore of information and knowledge sharing creating favourable conditions for innovation. When the density is close to 0 this suggests weak connections, low levels of interaction, information and knowledge sharing resulting in low levels or absence of innovation. Network density is an appropriate measure in this study as it can provide pointers on the speed of information diffusion in the network. Given that EPC projects, like any other project, operate within specific time constraints, the density of a network can aid or hinder innovation. It can be expected that when the network density is nearer 1, innovation may be more likely as the process of adopting and implementing new ideas would be more likely to occur within the confines of the project timeframes.
The density of a network may give us insights into such phenomena as the speed at which information diffuses among the nodes, and the extent to which actors have high levels of social capital and/or social constraint.

Centrality measures
Centrality measures were used to establish the stakeholders (represented by nodes) who are most critical for spreading knowledge in the network during the engineering, procurement and construction phases of the project. Centrality measures used are local or degree centrality, and global (closeness) centrality and betweenness centrality. 
Local or degree centrality: Local or degree centrality counts each node’s number of links and identifies stakeholders that can establish links with the rest of the network quickly. Because it does not consider the rest of the network, its importance depends on the size of the network. In the case of stakeholders, degree centrality examines the number of links to a stakeholder (in-degree) and from a stakeholder (out-degree). The measure allocates a node an importance score based on the number of links it holds. It helps identify stakeholders who are more connected, or popular and therefore likely to have most project information and are best positioned to pass it on to most other stakeholders. In the context of an EPC project, each of the phases may have a stakeholder in such a position and in that way aiding within phase and across the project innovation. 
Betweenness centrality:  Betweenness centrality measures the degree to which a node occupies a strategic position in a network as seen from the frequency with which a stakeholder lies on the shortest path connecting all other stakeholders in the network and therefore serving as a bridge.  This metric is valuable, as it helps identify a stakeholder that influences the flow of information and knowledge around the network and therefore who is likely to be influential in spreading both throughout the network. Quantifying the betweenness of stakeholders will assist in identifying those stakeholders more likely to have higher influence on innovation both within the individual EPC phases and across. 
Closeness centrality: Closeness centrality scores nodes based on the extent of their closeness to the rest of the nodes in the network. It assists in finding stakeholders who are in the best position to influence the whole network that is individuals in all phases of the EPC most quickly. Such a stakeholder would facilitate the spread of new ideas and in that way having high influence on innovation throughout the network.
Results of the stakeholders’ network analysis were presented in the form of network maps and relevant network metrics for each phase of the EPC project and also for all the phases combined. 
Network centrality measures used in the study are summarised in Table 6.10.

[bookmark: _Toc72704292]Table 6.10: Network centrality measures applicable to the study (Cheliotis, 2010)
	Centrality Measure
	How it will be used

	Degree
	The number of other stakeholders a specific stakeholder can reach directly

	Betweenness
	The likeliness of a stakeholder being the one linking two other stakeholders

	Closeness
	The speed with which a stakeholder can reach all other stakeholders



6.5.3 Social Network and innovation diffusion 
The next phase of data analysis involved data relating to innovation as observed or experienced during the phases of the EPC project. Social networks are widely recognised as instruments of innovation diffusion and to that extent they can aid tacit knowledge transmission and interchange both of which foster innovation (Kolleck, 2013). The state of stakeholder network relationships as depicted through the density and centrality measures were used as the independent variables of the study. 
Social network data is analysed using a number of software applications that have been developed for that purpose. The software falls into two categories: that which facilitates visualisation of networks such as NetDraw, NetMiner and Pajek, and that which focuses on production of text reports such as UCINET, Agna and MultiNet (Pan, 2007). Commonly used software designed mainly for studying the whole network include: Pajek, UCINet, MultiNet, Siena, P*/ERGM, R from R Development Core Team, and Node XL (Pan, 2007). For egocentric network data commonly, used software includes:  SAS, SPSS or Stata (Müller et al., 1999), and UCINet (Wellman, 2009). The current study uses Gephi, which is a visualisation and text-oriented software. It is an open source software for exploring and manipulating network data (Bastian, Sebastien and Mathieu, 2009).  
Data on innovation was therefore analysed using Gephi software to simulate the network. It was expected that a relationship would be found between stakeholder perceptions of having observed or experienced innovation outcomes and the pattern of relationships of the stakeholder network. Qualitative analysis in the form of discussions was used to juxtapose innovation perceptions results with those from the stakeholder network analysis.  

6.5.4	Quantitative analysis
Findings from network analysis were combined and used to generate questions for the quantitative survey (Section 6.4.4).  In Appendix D, charts were constructed to demonstrate the ranking of perceptions on individual stakeholders’ contribution towards each product and process innovation outcomes and the finding are discussed in Chapter 10. 

[bookmark: _Toc73431531]Summary Data Collection and Analysis Procedure
Given the research’s aim of using Social Network Analysis to come up with a framework for analysing the complex interaction among project stakeholders, and the product and process innovation in an EPC project in the UAE’s downstream oil and gas sector the study’s adopted framework included steps that ensured that the research questions were addressed, and the study objectives were met. Specifically, the framework facilitated identifying, from archival data, the most influential stakeholders, and stakeholder activities on process and product innovation during each phase of an EPC project, the most influential interactions, and capturing the perceptions of stakeholder contributions from a large number of participants. Use of Gephi enabled the generation of network maps whose visual effects facilitated mapping
 out of stakeholder interactions and activities, which in turn facilitated development of an appropriate questionnaire for collecting quantitative data. The framework was effective in so far as it enabled the researcher to address the study’s research questions and objectives systematically and comprehensively. The framework that guided data collection and analysis is illustrated in Figure 6.4.


[bookmark: _Toc72704083]Figure 6.4: Research methodology flow diagram

[bookmark: _Toc73431532]Ethical Issues
The need to be conscious to ethical issues that may arise in a study has been emphasized in literature (Creswell 2014 citing Berg, 2001; Hesse-Biber and Leavy, 2011). Ethical issues that may arise – personal privacy given that while aware of the official links in the project the study is going beyond these to also seek out social links facilitating the transmission of tacit knowledge. This may invade the privacy of some stakeholders who may not wat to be necessarily known that they have links that go beyond the official reporting systems. In that regard once stakeholders have been identified, they will be allocated codes that reflect their phases of the EPC projects, for example: Eng1, Cons1, Pro1. On the network nodes stakeholders will therefore be identified using their codes. Maintenance of privacy of people’s interactions will ensure protection of participants and engender trust between the researcher and the participants. 
Table 6.11 illustrates this study’s intended actions of addressing ethical issues at the various stages of the inquiry process.
[bookmark: _Toc72704293]Table 6.11: Addressing ethical issues
	Stage of Inquiry
	Likely ethical issues
	How they will be addressed

	Step 0: Inception stage prior to commencing the study 
	Conflict of interest and bias
Permission to access the Project site and participants

	Choosing a research site (Project) where the researcher has no vested interests
Formally request access to the EPC project sites and abide by the conditions given
Seeking university review
board (IRB) approval of the study proposal

	Step 1: Documentary / archival research - Project objectives and expected deliverables 
	Confidentiality of project objectives and strategies related to them
	Signing of a non-disclosure agreement by the researcher

	Step 2: Identification of stakeholders through analysis of project WBS - Official list of project stakeholders
	Need not to apportion expressed opinions to specific people 
	Use of stakeholder codes

	Step 3: Surveying the stakeholders in each EPC phase network to identify the relationships and knowledge flows - (Matrix of Stakeholders and knowledge flow
	Information on unofficial personal or social relationships among stakeholder
	Inform participants of objectives of the study 
Get participants to sign informed consent forms
Inform participants of their right to opt out of the study whenever they wish
Matrix of stakeholders to be based on allocated codes

	Step 4: Visually mapping out the network - 4 Maps of stakeholder networks 
	Information on unofficial personal or social relationships among stakeholder
	Network map of stakeholders will be based on allocated codes

	Step 5: Quantitative survey of specific stakeholders on process and product innovation
	Need for confidentially to be able to freely express individual assessment of innovation
	Use of stakeholder codes

	Step 6: Quantitative and qualitative analysis of data
	Need for the analysis results to preserve participant anonymity
	Use of stakeholder codes to maintain anonymity
Report all perspectives including contrary findings





[bookmark: _Toc73431533]Summary
This chapter presented the study’s preferred methodology and methods. Following a discussion of positivism and interpretivism research paradigms, the study’s intention to use social network analysis as a framework for uncovering the interaction of project stakeholders and process and product innovation,  and Hollstein (2014)’s assertion that social network analysis is neither quantitative (positivist) nor qualitative (interpretivist), the researcher decided to adopt a mixed methods design for the study. Given that EPC projects tend to differ from site to site, the researcher adopted a case study design to ensure that detailed data is collected on a single project to facilitate tracing stakeholders’ interaction and product and process innovation. The study’s choice of Social Network Analysis as a method or strategy for tracing stakeholder relations and their strength in order to use them to infer the movement of tacit knowledge among stakeholders was discussed and illustrated.  Measures to be used in analysing relations among stakeholders within the whole EPC project and within its sub-phases were presented. Further the measures that will be used to determine the occurrence of process and product innovation were also discussed and it was noted that the measures are in fact proxies as they are more of innovation indicators. The multiple data collection steps to be followed throughout the phases of the study were discussed and illustrated together with the analysis tools to be employed. The chapter concluded by presenting the study’s approaches to addressing ethics issues given that the study will be focused on relationships among project stakeholders. The next chapter presents the study’s findings.




[bookmark: _Toc73431534]Results - Engineering
[bookmark: _Toc73431535]Introduction
[bookmark: _Hlk41042035][bookmark: _Hlk41063129][bookmark: _Hlk41066348]This chapter discusses the results of the analysis of the social network built with the data collected on the EPC project for the Engineering Phase. The analysis is focused on centrality metrics, namely, degree centrality, closeness centrality and betweenness centrality. The scope of the analysis starts with an overview of the Engineering Phase social network and then moves to details of Innovation Outcome nodes’ Ego Networks, grouped into Process Innovation and Product Innovation. These Ego Networks have a depth of two, meaning that they are composed by the Innovation Outcome node itself, its neighbours, and its neighbours’ neighbours. For each Ego Network, centrality metrics are computed with the help of Gephi software in order to find Stakeholders and Activities that have an influencing role in the corresponding Innovation Outcome.


[bookmark: _Toc73431536]Engineering Phase Overview
Focusing on the first of the three phases of the EPC project, Figure 7.1 presents the social network composed by the nodes and relationships of the Engineering Phase. The image was produced with the Gephi software, using the Force Atlas layout algorithm with a repulsion strength of 300, among other visualization parameters.
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[bookmark: _Toc36635634][bookmark: _Toc72704084]Figure 7.1: Engineering Phase Social Network

[bookmark: _Hlk41064925]Figure 7.1 shows that there are nodes which present a central position in the network, while other nodes are very peripheral. This will be further assessed, since it will allow the study of their importance in the network. The EPC Project graph is directed, meaning that there is a direction associated with a relationship between nodes. This directionality is due to the nature of the problem itself and that can be summarized in the following example: Stakeholder 1 influences Activity A to achieve Innovation Outcome IV. In this context, an Innovation Outcome is the result of an activity which is a result of either other activities’ or stakeholders’ influence. Due to the magnitude of the graph in Figure 7.1, which presents a remarkably high number of nodes and links, it is difficult to further conclude from visual observation. Figure 7.2 presents a detailed version of the social network in Figure 7.1 which illustrates that there are three different node type depicted by their colour: nodes referring to an Activity are coloured in Green, nodes referring to a Stakeholder are coloured in Blue and nodes referring to an Innovation Outcome are coloured in Red. Figure 7.2 also presents the node labels, which facilitate uniquely identification.
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[bookmark: _Toc72704085]Figure 7.2: Detail of Engineering Phase Social Network

Figure 7.2 shows that some Stakeholders appear to possess a substantial power on the network, since they are connected to many activities and innovation outcomes. This will be the focus of study in the following subsections.
Table 7.1 presents a summary of the Engineering Phase social network’s main general characteristics.

[bookmark: _Toc36635470][bookmark: _Toc72704294]Table 7.1: General Characteristics of the Engineering Phase Social Network
	Characteristic
	Value

	Total of Nodes
	1684

	Total of Edges
	15335



Focusing on the types of nodes that exist in the social network under analysis, Figure 7.3 presents a pie chart with their distribution.
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[bookmark: _Toc36635637][bookmark: _Toc72704086]Figure 7.3: Distribution of Node Types in the Engineering Phase Social Network

[bookmark: _Hlk41065144]The vast majority of the Engineering Phase social network is composed of activities, which represent 95,5% of the total number of nodes. The second largest group is the Stakeholder nodes’ group, which represent 4,1% of the whole network, and the smallest group belongs to the Innovation Outcome nodes, which represent just 0,4% of the total number of nodes. In summary, there are 1608 Activity nodes, 69 Stakeholder nodes and 7 Innovation Outcomes.

Engineering Phase Social Network Metrics
In the previous section, general metrics of the social network were presented to get a glimpse of the graphical overview. Here, the focus is on specific metrics related to Social Network Analysis, such as the network diameter, the graph density, the average path length, the average clustering coefficient, and the average degree. The network diameter is the greatest distance between any pair of nodes in the graph. This distance is the shortest path between the node pairs. The network diameter is therefore the maximum of all the shortest paths between any pair of nodes present in the network. The graph density measures the fraction of all the connections that may exist in a network with a certain number of nodes and those that in fact exist. The graph density therefore measures how complete the network is, knowing that a complete graph which has all the possible edges between all of its nodes has a density of 1. The average path length is the average of the length of all paths in the network. The average clustering coefficient is the average of a measure that quantifies the density of the subgraph that includes the neighbours of a specific node. The average clustering coefficient therefore indicates the average of the degree to which network nodes tend to aggregate in clusters established among nodes which share a high density of ties. The average degree is the average of the degrees of all the nodes in the network and offers an overview of the connectivity between the nodes of the network. Table 7.2 presents the metrics for the Engineering Phase Social Network.

[bookmark: _Toc72704295]Table 7.2: Social Network Metrics of the Engineering Phase Social Network
	Social Network Metrics
	Value

	Network Diameter
	28

	Graph Density
	0,005

	Average Path Length
	5,33

	Average Clustering Coefficient
	0,095

	Average Degree
	9,106



Table 7.2 shows that the network diameter for this network is 28. That means that one of all the possible node pairs has a shortest path that passes through 28 nodes. This implies that there is a set of activities/processes, stakeholders and possible innovation outcomes that are composed by 28 “steps”. This number is in accordance with the magnitude of this EPC project.
[bookmark: _Hlk41042219]Table 7.2 also shows that the graph density is relatively small, presenting a value of 0,005, which is considerably smaller than the value for a complete graph. This means that of all possible connections that may exist in this network, only a small fraction of them are in fact present. This shows that not all entities involved in the EPC Project are interconnected.
In terms of the average path length, the value 5,33 indicates that there are, on average, 5,33 nodes along the shortest paths for all pairs of nodes in this network. The fact that this number is relatively small points to the possibility that this network is an easily negotiable network. This does not mean, however, that there are no nodes which are remotely connected as is the case with the peripheral ones illustrated in Figure 7.1 analysis.
Table 7.2 indicates that the average clustering coefficient is 0,095 which is relatively small, meaning that it is not easy to find well defined clusters in this network. This can be explained by the interconnectivity between activity categories and the fact that stakeholders could have impact on quite different activities. Lastly, the average degree of the network is 9,106 meaning that on average, a node of this network is connected to 9,106 nodes. This metric does not distinguish between in-degree and out-degree. The next subsection will further focus on this Engineering Phase graph’s degree distribution.

Degree Centrality
The degree of a node is the number of relationships it has with other nodes. In the case of directed graphs (like the one studied here), it is possible to further detail the study of this metric: a node can have a connection starting at it and ending in its neighbour node (Out-degree) or vice-versa (In-degree). Table 7.3 presents the meaning of Degree Centrality, according to each type of node in the EPC Project.

[bookmark: _Toc72704296]Table 7.3: Degree Centrality Interpretation
	Type of Node
	Degree Centrality Interpretation

	Activity Nodes
	The degree centrality of an Activity node represents the number of nodes that are connected to it. This number indicates the connectivity of the Activity in the network. As the number of degree centrality increases it indicates that the node can be considered a Hub in the network and thus present an ability to easily receive or send information to a significant number of nodes.

	Stakeholder Nodes
	The degree centrality of a Stakeholder node represents the number of nodes that are connected to it. This number indicates the connectivity of the Stakeholder in the network. As the number of degree centrality increases it indicates that the node can be considered a Hub in the network and thus present an ability to easily receive or send information to a significant number of nodes.

	Innovation Outcome Nodes
	The degree centrality of an Innovation Outcome node represents the number of nodes that are connected to it. This number indicates the connectivity of the Innovation Outcome in the network. As the number of degree centrality increases it indicates that the node can be considered a Hub in the network and thus present an ability to easily receive or send information to a significant number of nodes.



Figure 7.4 presents the results of the analysis of the Degree, In-Degree and Out-Degree Distribution for the Engineering Phase social network.
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[bookmark: _Toc36635638][bookmark: _Toc72704087]Figure 7.4: Degree a), In-Degree b) and Out-Degree c) Centrality in the Engineering Phase Social Network

[bookmark: _Hlk41065970][bookmark: _Hlk41043602]Figures 7.4 (a), (b) and (c) show that the distribution of the Degree, In-degree and Out-degree values of this network is skewed to the right, meaning that the mean is higher than the mode. Most of the nodes have a low degree value, while there are some nodes which have an exceedingly high degree centrality. This means that most of the nodes of this EPC Project Network have low connectivity and may present some difficulty to access information from other nodes. The existence of outliers (nodes which have a degree centrality that is much higher than the mean) means that the visualisation in Figure 7.4 (a) and 7.4 (b) is difficult. This problem is solved in Figure 7.5 (a), where the nodes with a Degree and Out-Degree Centrality higher than 100 are removed from the plot.
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[bookmark: _Toc72704088]Figure 7.5: Degree a) and Out-Degree b) Centrality in the Engineering Phase Social Network for nodes with less than 100 value

Figure 7.5 shows that the majority of the nodes of the Engineering Phase network has 25 or less connections for both Degree (a) and Out-Degree Centrality (b). Further, few nodes have more than 25 connections, which means that those nodes play a connector role in the network as they are entities that are related to many other entities. Although high Degree Centrality does not necessarily mean high influence or power in the network, it certainly means that the node is very well connected and so it has access to a lot of other nodes.

To facilitate detailed analysis based on different node types, the plots on Figure 7.6 present the results for Degree, In-Degree and Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704089]Figure 7.6: Degree Centrality (III) in the Engineering Phase according to node type
Figure 7.6 shows that all distributions are skewed to the right, regardless of the node types and centrality metric. Figure 7.6 II do not present Stakeholder nodes because these nodes do not receive connections from other nodes. This can be explained by that in an EPC project it is expected that activities tend to connect with activities that will happen before and after themselves and that these are numerous. Following the same line of thought, Figure 7.6 III presents only the results for Activity and Stakeholder nodes. This happens because Innovation Outcome nodes do not present any outgoing connection. This is because innovation outcomes are real outcomes, meaning that they are the end-use of several processes in an EPC project.
Focusing on Figure 7.6 I, it is observed that Activities tend to have a considerably lower degree centrality than Stakeholders. This can be explained by that in an EPC project it is expected that activities tend to connect with activities that will happen before and after themselves and that these are numerous. On the other hand, it is also expected that a Stakeholder in the EPC project presents a lot of connections with other nodes, being their activities or innovation outcomes. Also, innovation outcomes originate from several activities and from several stakeholders, so it is likely for them to have a somewhat high degree centrality.
Observing Figure 7.6 II, it is can be note that while Activity nodes follow the same right-skewed distribution that was presented in the Degree Centrality analysis (Figure 7.6 I), Innovation Outcome nodes only differ in terms of In-Degree. In fact, each of the innovation outcome nodes have a unique In-Degree, when in comparison to the same type of nodes.
Focusing on Figure 7.6 III, while Activity nodes present few outgoing connections (most of the nodes have few or no outgoing links at all), Stakeholder Nodes are responsible for having most outcome connections in the network. This is because of their functions as coordinators and influencers of activities and innovation outcomes. In fact, in an EPC Project, a Stakeholder interacts with many Activities and Innovation Outcomes on an outgoing direction, meaning that he/she is the one making decisions and taking actions that influence those nodes. Table 7.4 summarizes the values presented in Figure 7.6 across the different node types and Centrality metrics analysed.


[bookmark: _Toc72704297]Table 7.4: Degree Centrality relevant values of the Engineering Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Centrality Metric
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	DEGREE
	Maximum
	1474
	285
	54
	1474

	
	Mean
	~18
	~11
	~23
	~190

	
	Mode
	9
	9
	9
	2

	
	Minimum
	1
	1
	4
	1

	IN-DEGREE
	Maximum
	54
	46
	54
	0

	
	Mean
	~9
	~10
	~23
	0

	
	Mode
	8
	8
	9
	0

	
	Minimum
	0
	0
	4
	0

	OUT-DEGREE
	Maximum
	1474
	285
	0
	1474

	
	Mean
	~9
	~1
	0
	~190

	
	Mode
	1
	1
	0
	2

	
	Minimum
	0
	0
	0
	1



Gephi software allows the presentation of the Engineering Phase social network affected by the Degree Centrality metrics calculated above. Figure 7.7 shows these results for Degree, In-Degree and Out-Degree: bigger nodes indicate a higher centrality result.
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[bookmark: _Toc72704090]Figure 7.7: Degree a), In-Degree b) and Out-Degree Centrality c) in the Engineering Phase Social Network

Figure 7.7 (a) shows that nodes representing Stakeholders (blue colour) tend to have higher degree centrality. This is consistent with what was observed before. Figure 7.7 (b) highlights nodes with a high in-degree in larger sizes. Following the colour code created before, it is possible to note that with this distribution, activity and innovation outcome nodes gain relevance in the network.  In Figure 7.7 (c), the visualisation of the Engineering Phase social network was affected by the Out-Degree Centrality: larger nodes indicate a higher Out-Degree Centrality. Following the colour code created before, it is apparent that with this centrality metric, Stakeholder nodes gain relevance in the network. Despite this, there are also some Activity nodes that have achieved some relevance with this metric.
To summarize the conclusions related to the analysis of the Engineering Phase social network, Figure 7.8 presents the Degree, In-Degree and Out-Degree metrics in the same plot.
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[bookmark: _Toc36635649][bookmark: _Toc72704091]Figure 7.8: Engineering Phase Social Network summary of Degree Centrality values

[bookmark: _Hlk41047430]Figure 7.8 shows that Stakeholder nodes have only outgoing connections and that they are responsible for the higher values of Degree Centrality, which indicates they possess access to a lot of nodes belonging to activities and innovation outcomes. Also, it is possible to conclude that most activities have incoming connections but present an exceptionally low number of outgoing connections. Most of the Activity nodes are then receptors. Regarding Innovation Outcome nodes, they present only incoming connections, which is aligned to their role in this EPC project. Table 7.5 shows the 10 nodes with higher Degree, In-Degree and Out-Degree centrality in the Engineering Phase. 





[bookmark: _Toc72704298]Table 7.5: Ten Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Engineering Phase Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	Engineering Manager
	Stakeholder

	
	Project Manager
	Stakeholder

	
	QA/QC Manager
	Stakeholder

	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	Sr. Process Engineer
	Stakeholder

	
	Pipeline Representative
	Stakeholder

	
	Senior Engineer, Piping
	Stakeholder

	
	Sr. Electrical Engineer
	Stakeholder

	
	Sr. Engineer I&C
	Stakeholder

	
	Senior Engineer, Static Equipment
	Stakeholder

	In-Degree
	Achieved Industrial Standards
	Innovation Outcome

	
	IPF (SIL Review)
	Activity

	
	Issue as IFC  
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy (Successor for Piping Tie-in Schedule & etc.)
	Activity

	
	Issue as IFC
	Activity

	
	Reduced Operational Cost
	Innovation Outcome

	
	Issue as IFC
	Activity

	
	Receive COMPANY Comments / Approval
	Activity

	
	Receive COMPANY Comments / Approval
	Activity

	
	Receive Company Approval
	Activity

	
	60% Model Review
	Activity

	Out-Degree
	Engineering Manager
	Stakeholder

	
	Project Manager
	Stakeholder

	
	QA/QC Manager
	Stakeholder

	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	Sr. Process Engineer
	Stakeholder

	
	Pipeline Representative
	Stakeholder

	
	Senior Engineer, Piping
	Stakeholder

	
	Sr. Electrical Engineer
	Stakeholder

	
	Sr. Engineer I&C
	Stakeholder

	
	Senior engineer, Static Equipment
	Stakeholder



Table 7.6 shows the 10 nodes with lower Degree, In-Degree and Out-Degree centrality in the Engineering Phase.






[bookmark: _Toc72704299]Table 7.6: Ten Nodes with Lower Degree, In-Degree and Out-Degree Centrality in the Engineering Phase Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	Issue Final MTO and MRs for Piping and E&I bulk materials for all facilities.
	Activity

	
	Civil Drawing
	Activity

	
	Foundation and Civil Drawing
	Activity

	
	Civil Drawing
	Activity

	
	Senior Engineer (Operations Readiness)
	Stakeholder

	
	Sr. Engineer, HSE
	Stakeholder

	
	Issue IFC Drawings for E&I and HVAC Systems for Substation & Control Building
	Activity

	
	Issue IFC Drawings / Isometrics for all Under Ground and Above Ground Piping works (90%) required for Train-1 / 2 / 3
	Activity

	
	Issue all IFC Electrical & Instrument Cable Schedules, Cable Layouts and Equipment Layouts complete for all Facilities.
	Activity

	
	Issue Functional Design Specifications (FDS) duly approved by COMPANY for ICS System
	Activity

	In-Degree
	Civil Drawing
	Activity

	
	Foundation and Civil Drawing
	Activity

	
	Civil Drawing
	Activity

	
	Senior Project Manager/Project Manager
	Activity

	
	Sr. Project Engineer
	Stakeholder

	
	Interface Co-ordinator
	Stakeholder

	
	Sr. Planning Engineer
	Stakeholder

	
	Sr. Construction Engineer
	Stakeholder

	
	Team Leader/Engineering Manager
	Stakeholder

	
	Project Co-ordinator
	Stakeholder

	Out-Degree
	Geo data and final Reports
	Activity

	
	Reduced project implementation time
	Innovation Outcome

	
	Meets Health and Safety Requirements
	Innovation Outcome

	
	Reduced Operational Cost
	Innovation Outcome

	
	Achieved Industrial Standards
	Innovation Outcome

	
	E&I Cable Tray Drawings
	Activity

	
	Receive COMPANY Comments / Approval
	Activity

	
	Structural Drawings
	Activity

	
	Issue as IFC
	Activity

	
	Issue as IFC
	Activity



Betweenness Centrality
Betweenness Centrality is the number of shortest paths between each node pair a node is on. This metric represents the degree to which a node stands between each other. A high value of Betweenness indicates a powerful and influential position in a social network because more information passes through it. Betweenness Centrality is an important metric in graph analysis, since it allows to identification of, depending on the problem at hand, who can mediate a conflict, who can share knowledge and information and who can influence a network. In the context of this study, a high betweenness of a node means that it has a high direct influence on the nodes that are connected to it. For instance, if a node has high betweenness and has a lot of incoming connections, it means that node aggregates information from many other nodes and might be able to pass it to its outgoing connections. That node could play a “bridge spanning” role in the network. 
An hypothetical example for this case study is the case of an activity with high betweenness that aggregates a lot of information from other activities and stakeholders and that has an outgoing connection to an innovation outcome: this activity would have a very high influence on that innovation outcome, since the amount of information coming from many other sources passing through it is high. In the specific case of the EPC Project being studied, Table 7.7 presents the meaning of Betweenness Centrality, according to each type of node.
[bookmark: _Toc72704300]Table 7.7: Betweenness Centrality Interpretation
	Type of Node
	Betweenness Centrality Interpretation

	Activity Nodes
	The betweenness centrality of an Activity node indicates the importance and influence of the component in terms of connecting the components in the network. A high betweenness centrality means that a node can make bridges in the network, putting it in a position of having a lot of information passing through it. For an Activity node, a high betweenness centrality means that it can concentrate information from other Activities and inputs from Stakeholders, treat that information in its task and pass the result onto other Activity or Innovation Outcome nodes.

	Stakeholder Nodes
	The betweenness centrality of a Stakeholder node indicates the importance of the component in terms of connecting the components in the network. A high betweenness centrality means that a node can make bridges in the network, connecting nodes belonging to different parts of the graph. For a Stakeholder node, a high betweenness centrality means that it can influence Activities and Innovation Outcome nodes.

	Innovation Outcome Nodes
	The betweenness centrality of an Innovation Outcome node indicates the importance of the component in terms of connecting the components in the network. A high betweenness centrality means that a node can make bridges in the network, connecting nodes belonging to different parts of the graph. For an Innovation Outcome node, a high betweenness centrality means that it can concentrate information from Activities and inputs from Stakeholders to bridge that information into Innovation



Figure 7.9 shows the results of the Betweenness Centrality distribution for the Engineering Phase social network.
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[bookmark: _Toc36635650][bookmark: _Toc72704092]Figure 7.9: Betweenness Centrality in the Engineering Phase Social Network

Figure 7.9 shows that the distribution is skewed to the right, which means that the mode of the Betweenness Centrality is lower than the mean. It also means that most of the nodes have a low level of betweenness centrality, while a few of them present a high value. This indicates that a small number of nodes of this network might have a high influence in the graph.
To produce a detailed visual analysis, the plot in Figure 7.10 presents the Betweenness Centrality distribution for values smaller than 500.
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[bookmark: _Toc36635651][bookmark: _Toc72704093]Figure 7.10: Betweenness Centrality in the Engineering Phase Social Network for nodes with less than 500 value
Figure 7.10 illustrates that the mode of this distribution is 0 and that the majority of nodes present a Betweenness Centrality lower than 100. 
Proceeding from the previous subsection, the Betweenness Centrality was analysed categorised by node types: Activity nodes, Innovation Outcome nodes and Stakeholder nodes. Figure 7.11 shows the results of this analysis.
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[bookmark: _Toc36635652][bookmark: _Toc72704094]Figure 7.11: Betweenness Centrality in the Engineering Phase according to node type

[bookmark: _Hlk41048206][bookmark: _Hlk41065694][bookmark: _Hlk41056229]Figure 7.11 shows that both Innovation Outcome nodes and Stakeholder nodes have a zero Betweenness centrality, which means that the most influential nodes on the Engineering Phase social network are the activity nodes. In fact, Activity nodes’ distribution is like the general Betweenness Centrality distribution presented in Figure 7.9. This conclusion seems counter-intuitive as it might have been expected that Stakeholder nodes would have high Betweenness and influence in the network. One explanation maybe that Stakeholders’ influence can be very localised and so does not have a broader impact on the whole social network. Besides, in an EPC project, it is plausible that a Stakeholder happens to be someone who oversees a group of activities which are interrelated. For instance, it is improbable that a Senior Civil and Structural Engineer (responsible for overseeing Civil and Structural Engineering Activities) has a connection to an Electric Vendor of Switchgears (who acts in Electrical activities). In this example, the existence of a connection between these Stakeholder nodes could bring their Betweenness Centrality to a high value since they would be able to create a bridge between their own sets of activities and so become very influential in the network. Table 7.8 presents relevant values of this distribution.

[bookmark: _Toc72704301]Table 7.8: Betweenness Centrality relevant values of the Engineering Phase Social Network according to node types
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	5198
	5198
	0
	0

	Mean
	~163
	~163
	0
	0

	Mode
	0
	0
	0
	0

	Minimum
	0
	0
	0
	0



As illustrated in Table 7.8, only Activity nodes present Betweenness centrality values different from zero. This means that these nodes can pass information from groups of nodes that have loose connection between them.
Following the same procedure as before, a visualisation of the Engineering Phase social network affected by the Betweenness Centrality was performed using Gephi software. Figure 7.12 shows these results: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc36635653][bookmark: _Toc72704095]Figure 7.12: Engineering Phase Social Network affected by Betweenness Centrality

Figure 7.12 highlights nodes with high Betweenness in larger sizes. Using the colour code created earlier, it is possible to note that with this distribution, Activity nodes gain relevance in the network. This happens because some activities can act as boundary spanners, creating bridges between activities and stakeholders which have a loose relationship between them. Table 7.9 shows the 10 nodes with higher Betweenness Centrality in the Engineering Phase for the Activity nodes since the other types of nodes have a zero betweenness value. To allow a more precise identification of the nodes, the WBS name and the project activity description were added.

[bookmark: _Toc72704302]Table 7.9: Ten Nodes with Higher Betweenness Centrality in the Engineering Phase Social Network
	Betweenness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	A30180
	Activity
	Compressor Area
	Piling Drawings

	A30340
	Activity
	Utility Area
	Piling Drawings

	A30670
	Activity
	Tank Area
	Piling Drawings

	A17170
	Activity
	Overall Plot Plans/Area Plot Plans
	Issue as IFC

	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	A17160
	Activity
	Overall Plot Plans/Area Plot Plans
	Receive Company Approval

	A30450
	Activity
	Control Room
	Piling Drawings

	A30560
	Activity
	Custody Area
	Piling Drawings

	A19070
	Activity
	Piping General Arrangement Drawings extracted from 3-D Model
	Prepare & Issue for COMPANY Review (ICR)

	A12920
	Activity
	Process Calculations Report
	Issue as IFC



Table 7.9 facilitates understanding of the meaning of Betweenness Centrality in an EPC Project. The nodes with higher betweenness seem to be associated with activities that are transversal to several WBS tasks, making an effective bridge between those tasks. For instance, the activity “Piling Drawings” involves several WBS tasks whose only relationship maybe through this activity. 

Closeness Centrality
Closeness Centrality is the inverse of the mean shortest path between a node and all other nodes in the network that are reachable from it. This metric reflects the ability of a node to access information through the network and communicating quickly (because they are close). It also indicates how close a node is from every other node in the network. Nodes with high closeness centrality have a central position in the network since they are close to other nodes.

[bookmark: _Toc72704303]Table 7.10: Closeness Centrality Interpretation
	Type of Node
	Closeness Centrality Interpretation

	Activity Nodes
	The closeness centrality of an Activity node indicates the importance of the component in terms of having a central position in the network. A high closeness centrality means that a node is very central and is practically close to every other node. For an Activity node, a high closeness centrality means that it possesses a direct connection to many Activities, Stakeholders, and Innovation Outcomes.

	Stakeholder Nodes
	The closeness centrality of a Stakeholder node indicates the importance of the component in terms of having a central position in the network. A high closeness centrality means that a node is very central and is practically close to every other node. For a Stakeholder node, a high closeness centrality means that it possesses a direct connection to many Activities, Stakeholders, and Innovation Outcomes.

	Innovation Outcome Nodes
	The closeness centrality of an Innovation Outcome node indicates the importance of the component in terms of having a central position in the network. A high closeness centrality means that a node is very central and is practically close to every other node. For an Innovation Outcome node, a high closeness centrality means that it possesses a direct connection to many Activities, Stakeholders, and Innovation Outcomes. Particularly, this would mean that it could be easy for Activities and Stakeholders to reach this Innovation Outcome node and therefore induce innovation.



Figure 7.13 shows the results of the Closeness Centrality distribution for the Engineering Phase social network.
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[bookmark: _Toc36635654][bookmark: _Toc72704096]Figure 7.13: Closeness Centrality in the Engineering Phase Social Network

As illustrated, most of the nodes have a low closeness, meaning that they are not central to the network, while a few of them tend to have a high closeness value. The analysis of Closeness Centrality was performed according to the types of nodes. Figure 7.14 presents the results of this analysis.
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[bookmark: _Toc36635655][bookmark: _Toc72704097]Figure 7.14: Closeness Centrality in the Engineering Phase according to node type

[bookmark: _Hlk41057641]Figure 7.14 shows that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. If Innovation Outcomes are not close to an EPC Project activities and stakeholders, it means that innovation might not be a priority. Table 7.11 summarises the relevant values presented across the different node types.

[bookmark: _Toc72704304]Table 7.11: Closeness Centrality relevant values of the Engineering Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	1
	1
	0
	0,93

	Mean
	~0,31
	0,31
	0
	0,36

	Mode
	0,25
	0,5
	0
	0,20

	Minimum
	0
	0
	0
	0,15



Table 7.11 shows what was previously noted for the Innovation Outcome nodes. It also shows that the Closeness values for Activity nodes and for Stakeholder nodes are somehow similar.
Following the same procedure as before, a visualisation of the Engineering Phase social network was performed using Gephi software. Figure 7.15 shows these results: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc36635656][bookmark: _Toc72704098]Figure 7.15: Engineering Phase Social Network affected by Closeness Centrality

Figure 7.15 highlights nodes with a high closeness in larger numbers. Following the colour code created earlier, it is noted that with this distribution, activity and stakeholder nodes gain relevance in the network. This happens because activities are close to each other in terms of a WBS logic and they are also close to stakeholders. Table 7.12 shows the 10 nodes with higher Closeness Centrality in the Engineering Phase. To allow a more precise identification to the nodes, the WBS name and the project activity description were added.

[bookmark: _Toc72704305]Table 7.12: Ten Nodes with Higher Closeness Centrality in the Engineering Phase Social Network
	Closeness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	G1020
	Activity
	-
	Site Survey

	A30980
	Activity
	Substation area
	E&I Support Drawings

	A30320
	Activity
	Compressor Area
	E&I Support Drawings

	A.10
	Activity
	-
	Issue Functional Design Specifications (FDS) duly approved by COMPANY for ICS System (Includes DCS, ESD, F&G, MMS and An

	A.11
	Activity
	-
	Finalize and issue IFC all instrumentation loop diagrams

	A4350
	Activity
	Architectural Raised Floor Layout Details and Schedule for Control Room Building
	Receive Company Approval

	A13780
	Activity
	Doors
	Issue as IFC

	A4700
	Activity
	New Gas Compressor Station Storm water drainage - layout
	Receive Company Approval

	A4770
	Activity
	New Gas Compressor Station Storm water drainage - Details
	Receive Company Approval

	A4840
	Activity
	New Gas Compressor Station AOC water drainage - layout
	Receive Company Approval



Table 7.12 presents a list of nodes which have high closeness and so play a central role in the network. Looking at the nodes’ descriptions, it is observed that they belong to activities which are related to beginning or ending tasks. This means that these activities seem to be the ones at the beginning of the project (“Site survey”) and the last ones of some WBS tasks. It is therefore expected that these nodes have a high closeness, since they must be close to all the other nodes that represents sets of activities related to the task they belong to.

Comparison of Centrality Metrics
The previous subsections focused on individual analysis of each of the social network centrality measures: Degree Centrality, Betweenness Centrality and Closeness Centrality. These analyses were performed for the whole Engineering Phase social network. Figure 7.16 shows an ensemble of these measures.
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[bookmark: _Toc36635657]
[bookmark: _Toc72704099][bookmark: OLE_LINK1]Figure 7.16: Engineering Phase Social Network summary of Centrality metrics

Observing Figure 7.16, it is apparent that Closeness Centrality tends to present higher values. Further, most of the nodes have a low degree centrality. Focusing on the outliers present in Figure 7.16, it is observed that there are some nodes that happen to have high values closeness and degree centralities but have low betweenness. Most of these nodes belong to the Activity type of nodes.

[bookmark: _Toc73431537]Study of Process Innovation Outcomes
The focus of this work is based on Innovation associated with this EPC project. It is therefore important to use Social Network Analysis to help categorize and characterize the Innovation Outcome nodes. To do so, the ego network tool will be used. An Ego Network consists of a focal node (which is called the “ego”) and all the nodes that have some relationship to it. This relationship can be direct, meaning that the nodes are adjacent, or it can be derived in second levels.
The use of this technique will allow the modelling and study of the influence that activities and/or stakeholders have in each of the three Innovation Outcomes related to Process Innovation.
Process Innovation Outcomes’ Ego Networks.
[bookmark: _Hlk41060572]There are three Innovation Outcomes related to Process Innovation in this Engineering Phase’s EPC project. Table 7.13 presents these Innovation Outcomes considered in this study, along with their description and identifications, and the characteristics of their Ego Networks.

[bookmark: _Toc72704306]Table 7.13: Process Innovation Outcomes’ Information
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3501
	B
	Reduced Project Implementation Time
	115
	722

	3506
	G
	Improved Procurement Activities
	30
	108

	3508
	I
	Reduced Operational Cost
	147
	1253



According to the information on Table 7.13, it is possible to see that Innovation Outcome “Reduced Operational Cost” presents a bigger Ego Network than those of Innovation Outcome “Reduced Project Implementation Time” and “Improved Procurement Activities”. To further assess the characteristics of these Ego Networks, the plot in Figure 7.17 presents their distribution according to node types.

[image: ]
[bookmark: _Toc72704100]Figure 7.17: Distribution of Node Types for Process Innovation Outcomes’ Ego Networks
Figure 7.18 presents the Process Innovation Outcomes’ Ego Networks, created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704101]Figure 7.18: Ego Networks of Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Degree Centrality
Following the procedure performed for the Engineering Phase Overview, Figure 7.19 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704102]Figure 7.19: Degree (I), In-Degree (II) and Out-Degree Centrality (III) of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

[bookmark: _Hlk41058763]Figure 7.19 shows that for all the three Innovation Outcomes analysed in this section, the distributions are all right skewed. This is the case for Degree, In-Degree and Out-Degree Centrality, which means that most of the nodes of these Ego Networks present few connections (whether incoming or outgoing). In fact, this is according to the EPC Project Network in which only a few Activities, Innovation Outcomes and/or Stakeholders present a high number of connections. These outliers can be team leaders, project managers, planning activities, financial and project management related tasks, which are entities that traditionally need information or exercise coordination over a high number of other entities and/or activities. Figures 7.19 I (b), 7.19 II (b) and 7.19 III (b) present a relatively low value of degree centrality metrics which could be explained by that Innovation Outcome “Improved Procurement Activities” has a low number of nodes and is a small Ego Network. This can be explained focusing on the description of the Innovation Outcome: Improved Procurement Activities. In fact, this innovation is targeted since its scope is within Procurement, which is also a major phase of this EPC Project. It is not part of the Engineering Phase.  

Figures 7.19 I (c), 7.19 II (c) and 7.19 III (c) present some heavy outliers on the degree centrality metric which means Innovation Outcome “Reduced Operational Cost” has a few nodes that present a significant amount of links to other nodes. These outliers may prove to be nodes with high influence on the Ego Network.  Further, Figures 7.19 II and 7.19 III show that the Out-Degree outliers present in the three Innovation Outcomes have a higher centrality metric than the In-Degree ones, which means the nodes with more outgoing connections have more links than the nodes with incoming connections.

Detailed analysis according to the different node types (Activities, Innovation Outcomes and Stakeholders) produced results for Degree Centrality illustrated on Figure 7.20. 
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[bookmark: _Toc72704103]Figure 7.20: Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 7.20 I shows that the maximum value of Degree Centrality for Activity nodes is higher than 40, while for Stakeholder it is even higher. Meanwhile, most Innovation Outcome nodes present a low value of Degree Centrality. Figure 7.20 II shows that the maximum value of Degree Centrality for Stakeholder nodes is 12, while for Activity it is slightly higher. Meanwhile, most Innovation Outcome nodes present a low value of Degree Centrality. Figure 7.20 III shows that the maximum value of Degree Centrality for Stakeholder nodes is close to 125, while for Activity around 30 and for Innovation Outcome nodes is close to 40. Further, Figure 7.20 shows that it is difficult to find homogeneity in the comparison of the results of each Innovation Outcome, but there is a little similarity between the results in Figure 7.20 I and Figure 7.20 II. This can be explained by that Innovation Outcomes “Reduced Project Implementation Time” and “Reduced Operational Cost” are both related to efficiency increase (time and cost) in processes and, despite their Ego Networks’ differences in size, they present some acquaintance.

Table 7.14 summarizes the values presented in Figure 7.20 across the different node types.

[bookmark: _Toc72704307]Table 7.14: Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	50
	44
	14
	54

	
	Mean
	~13
	~15
	~8
	~11

	
	Mode
	3
	3
	4
	3

	
	Minimum
	1
	1
	4
	1

	Improved Procurement Activities
	Maximum
	17
	17
	4
	12

	
	Mean
	~7
	~10
	~3
	~7

	
	Mode
	8
	11
	2
	8

	
	Minimum
	2
	3
	2
	2

	Reduced Operational Cost
	Maximum
	121
	33
	39
	121

	
	Mean
	~17
	~12
	~20
	~53

	
	Mode
	15
	15
	6
	31

	
	Minimum
	2
	2
	2
	19



Figure 7.21 was built to present the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc36635680][bookmark: _Toc72704104]Figure 7.21: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” a), “Improved Procurement Activities” b) and “Reduced Operational Cost” c)

Figure 7.21 shows the conclusions drawn before, that some Stakeholder and Activity nodes tend to have high Degree Centrality, while Innovation Outcome nodes tend to present lower values than the other. Figure 7.22 is similar to Figure 7.20, but it shows the results for In-Degree Centrality according to the node types.
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[bookmark: _Toc72704105]Figure 7.22: In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 7.22 shows that, across all the Innovation Outcomes analysed, every Stakeholder node presented an In-Degree of zero. This means that there are no Stakeholder nodes with incoming links. This can be explained looking at the nature of the Stakeholder itself: a Stakeholder of an EPC Project is a person who interacts with one or more activities and one or more innovation outcomes during his job. For instance, a Project Manager is a Stakeholder who can interact (and this interaction can be a supervision) with many activities and or innovation outcomes. Nonetheless, activities and or innovation outcomes cannot interact with Stakeholders and that is the reason why they do not possess incoming connections. Therefore, it is possible to conclude that, given the fact that Figure 7.20 showed that there are many Stakeholder nodes with a Degree value different from zero, these types of nodes present only outgoing connections in the Engineering Phase.
Table 7.15 summarizes the values presented in Figure 7.22 across the different node types.

[bookmark: _Toc72704308]Table 7.15: In-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	42
	42
	14
	0

	
	Mean
	~6
	~12
	~8
	0

	
	Mode
	0
	2
	4
	0

	
	Minimum
	0
	0
	4
	0

	Improved Procurement Activities
	Maximum
	13
	13
	4
	0

	
	Mean
	~4
	~9
	~3
	0

	
	Mode
	0
	10
	2
	0

	
	Minimum
	0
	2
	2
	0

	Reduced Operational Cost
	Maximum
	39
	14
	39
	0

	
	Mean
	~9
	~10
	~20
	0

	
	Mode
	0
	9
	6
	0

	
	Minimum
	0
	0
	2
	0



Figure 7.23 was built to present the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704106]Figure 7.23: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 7.24 is like Figure 7.20 and Figure 7.22, but it shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704107]Figure 7.24: Out-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 7.24 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero. This means that there are no Innovation Outcome nodes with outgoing links. This can be explained looking at the nature of the Innovation Outcome itself: they are real outcomes, meaning that they are the end-use of several processes in an EPC project. This way, as was observed in Figure 7.22, it is plausible that this type of node possesses no outgoing connections and one or more incoming links. Besides, Figure 7.24 also shows that Stakeholder nodes are responsible for the maximum values of Out-Degree and that Activity nodes tend to present low levels of Out-Degree Centrality. Table 7.16 summarizes the values presented in Figure 7.24 across the different node types.

[bookmark: _Toc72704309]Table 7.16: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	54
	13
	0
	54

	
	Mean
	~6
	~3
	0
	~11

	
	Mode
	0
	1
	0
	3

	
	Minimum
	0
	0
	0
	1

	Improved Procurement Activities
	Maximum
	12
	5
	0
	12

	
	Mean
	~4
	~2
	0
	~7

	
	Mode
	0
	0
	0
	8

	
	Minimum
	0
	0
	0
	2

	Reduced Operational Cost
	Maximum
	121
	33
	0
	121

	
	Mean
	~9
	~3
	0
	~53

	
	Mode
	0
	1
	0
	31

	
	Minimum
	0
	0
	0
	19



Figure 7.25 was built to present the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704108]Figure 7.25: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

To summarize the conclusions related to the analysis of the Process Innovation Outcomes, Figure 7.26 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc36635686][bookmark: _Toc72704109]Figure 7.26: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c))

[bookmark: _Hlk41060003]Figure 7.26 shows that Stakeholder nodes have only outgoing connections and that they are responsible for the higher values of Degree Centrality, which indicates that they possess access to a lot of nodes belonging to activities and innovation outcomes. It is also possible to conclude that there are some Activity nodes with high values of In-Degree and a significant value of Out-Degree Centrality. This happens across all the Innovation Outcomes.

[bookmark: _Hlk41060129]Focusing on the results for Activity nodes, it is possible to conclude that they tend to present higher In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (Figure 7.26 a), while for Innovation Outcome “Improved Procurement Activities” (Figure 7.26 b), Activity nodes present a mix of high In- and Out- Degree values. This means that the Innovation Outcome described by “Improved Procurement Activities” tends to present activities with a high number of connections, both in and out of their nodes. This can be explained by these activities being related to procurement, which is categorized for a lot of in and out relationships between different tasks and Stakeholders on an EPC Project. On the other hand, Innovation Outcome “Reduced Operational Costs” Ego Network (Figure 7.26 c)) presents Activity nodes with low In-Degree Centrality value. 
[bookmark: _Hlk41060192]Table 7.17 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). 

[bookmark: _Toc72704310]Table 7.17: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Networks
	
	Centrality Metric
	Node Description
	Type

	Reduced Project Implementation Time
	Degree
	QA/QC Manager
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy (Successor for Piping Tie-in Schedule & etc.)
	Activity

	
	
	IPF (SIL Review)
	Activity

	
	
	Reduced deliverable review cycle (From 10 to 3 days)
	Activity

	
	In-Degree
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy (Successor for Piping Tie-in Schedule & etc.)
	Activity

	
	
	IPF (SIL Review)
	Activity

	
	
	60% Model Review
	Activity

	
	
	90% Model Review
	Activity

	
	
	Reduced deliverable review cycle (From 10 to 3 days)
	Activity

	
	Out-Degree
	QA/QC Manager
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	
	Senior Engineer, Piping
	Stakeholder

	
	
	Sr. Engineer I&C
	Stakeholder

	
	
	Senior Engineer, Rotating Equipment
	Stakeholder

	Improved Procurement Activities
	Degree
	Issue as IFC
	Activity

	
	
	Issue as IFC
	Activity

	
	
	Issue as IFC
	Activity

	
	
	QA/QC Manager
	Stakeholder

	
	
	Receive Company Approval
	Activity

	
	In-Degree
	Issue as IFC
	Activity

	
	
	Issue as IFC
	Activity

	
	
	Issue as IFC
	Activity

	
	
	Prepare & Issue for COMPANY Review (ICR)
Mechanical Design Basis
TBE for Mechanical equipment & packages
Addendum to DGS etc.
	Activity

	
	
	Issue as IFC
	Activity

	
	Out-Degree
	QA/QC Manager
	Stakeholder

	
	
	Sr. Electrical Engineer
	Stakeholder

	
	
	Project Manager
	Stakeholder

	
	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	QA/QC Manager
	Stakeholder

	Reduced Operational Cost
	Degree
	QA/QC Manager
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	
	Senior Engineer, Piping
	Stakeholder

	
	
	Senior Engineer, Static Equipment
	Stakeholder

	
	
	Sr. Engineer I&C
	Stakeholder

	
	In-Degree
	Reduced operational cost
	Innovation Outcome

	
	
	Reduced Production Cost
	Innovation Outcome

	
	
	Issue as IFC
1) Process flow diagram
2) Utility flow diagram
3) Block flow diagram
4) Process design basis & process description
5) All other P&IDs
6) Line list (predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in
	Activity

	
	
	Issue as IFC
	Activity

	
	
	Achieved industrial standards
	Innovation Outcome

	
	Out-Degree
	QA/QC Manager
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	
	Senior Engineer, Piping
	Stakeholder

	
	
	Senior Engineer, Static Equipment
	Stakeholder

	
	
	QA/QC Manager
	Stakeholder




Betweenness Centrality
Following the procedure of the previous sections, Figure 7.27 presents the results for the Betweenness Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704110]Figure 7.27: Betweenness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 7.27 shows that the Betweenness Centrality distribution is skewed to the right for all Process Innovation Outcomes, which means that the mode of the Betweenness Centrality is lower than the mean. It also means that most of the nodes have a low level of betweenness centrality, while a few of them present a high value. This indicates that a small number of nodes of this network might have a high influence in it. Particularly, these nodes might be able to make bridges in the social network and make information flow through the graph. In an EPC Project, this role is particularly important, especially when it comes to Innovation, because before innovating it is crucial to have access to a lot of information from different sources in order to correctly tackle the problem.
Focusing on Figure 7.27 (b), it is possible to notice that most of the nodes present a zero Betweenness value, which indicates that only a small fraction of nodes might have a high influence in the graph. This can be explained by that Innovation Outcome “Improved Procurement Activities” Ego Network is relatively small, meaning that the existence of bridges is difficult, since the nodes are too close to each other. In terms of the EPC Project, this means that for innovating Improved Procurement Activities there might not be need to search for information from different Activities and/or Stakeholders since Procurement is a highly specific activity.
From Figure 7.27 (a) and 7.27 (c), it is apparent that most of the nodes have a zero betweenness and this can be due to a certain homogeneity among the nodes present in the Innovation Ego Networks. This means that, as the Ego Networks are built around the Innovation Outcome in analysis, their scope is focused making it difficult for most of the nodes to make bridges. In that regard, few can present significant values. A detailed analysis for Betweenness Centrality according to the different node types is presented in Figure 7.28.  
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[bookmark: _Toc72704111]Figure 7.28: Betweenness Centrality for “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 7.28 shows that, independently of the Innovation Outcome studied, Innovation Outcome nodes and Stakeholder nodes present zero betweenness centrality, which means that the most influencing nodes on this Ego Network are the Activity nodes. This comes in line with what was noted and explained in previous sections, namely in section 7.2.3.
Table 7.18 summarizes the values presented in Figure 7.28 across the different node types.



[bookmark: _Toc72704311]Table 7.18: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	~364
	~364
	0
	0

	
	Mean
	~15
	~29
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Improved Procurement Activities
	Maximum
	~39
	~39
	0
	0

	
	Mean
	~3
	~7
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Reduced Operational Cost
	Maximum
	~7
	~77
	0
	0

	
	Mean
	~7
	~8
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 7.29 was built to present the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704112]Figure 7.29: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Following the colour code created earlier, it is possible to note that with this distribution, activity nodes gain relevance in the network. This happens because some activities can act as boundary spanners, creating bridges between activities and stakeholders which have a loose relationship between them.
Table 7.19 shows the five nodes with higher Betweenness centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). To allow a more precise identification to the nodes, the WBS name and the project activity description were added to the table.
[bookmark: _Toc72704312]Table 7.19: Five Nodes with Higher Betweenness Centrality for each Process Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	PM0005b
	Activity
	Document Review Management
	Reduced deliverable review cycle (From 10 to 3 days)

	
	PM0006b
	Activity
	Document Review Management
	Across the table approval for critical documents

	
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	
	A12360
	Activity
	P&ID - Flare Package
	Issue as IFC

	
	A11730
	Activity
	P&ID - Nitrogen Generation Package
	Issue as IFC

	Improved Procurement Activities
	A16610
	Activity
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC

	
	A14720
	Activity
	Specification for Pressure Vessels
	Issue as IFC

	
	A23820
	Activity
	Electrical Load List
	Issue as IFC

	
	A16600
	Activity
	Instrument air package Data Sheets (air dry compressor)
	Receive Company Approval

	
	A22490
	Activity
	Overall Electrical Equipment Layout - Plan & Section
	Issue as IFC

	Reduced Operational Cost
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	
	A19410
	Activity
	Pipeline Design Basis
	Issue as IFC

	
	A14930
	Activity
	Mechanical Design Basis -Static Equipment
	Issue as IFC

	
	A11730
	Activity
	P&ID - Nitrogen Generation Package
	Issue as IFC

	
	A14920
	Activity
	Mechanical Design Basis -Static Equipment
	Receive Company Approval




Closeness Centrality
Following the procedure of the previous sections, Figure 7.30 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704113]Figure 7.30: Closeness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

There are a significant number of nodes with zero closeness across all the Process Innovation Outcomes, meaning that they do not have a central position in their Ego Network. It is also apparent that once those nodes are excluded, the closeness is relatively high and that some nodes seem to be close to their neighbours.  To further detail the analysis according to the different node types, the plots on Figure 7.31 present the results for Closeness Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704114]Figure 7.31: Closeness Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figures 7.31 I (b), 7.31 II (b) and 7.31 III (b) show that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. Further, it can be observed that some Activity nodes are very peripheral in the network and that some of them tend to play a central role in it. Besides, Stakeholder nodes seem to present a high closeness centrality. This means that Stakeholder nodes can directly influence other nodes in these three Ego Networks.
Figures 7.31 I (a), 7.31 II (a) and 7.31 III (a) also show that, across all Innovation Outcomes studied, there is a high number of Activity nodes with zero closeness centrality.
Observing Figures 7.31 I (c), 7.31 II (c) and 7.31 III (c), it is possible to conclude that there are no Stakeholder nodes with zero closeness. Table 7.20 summarizes the values presented in Figure 7.31 across the different node types.

[bookmark: _Toc72704313]Table 7.20: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	1
	1
	0
	~0,92

	
	Mean
	~0,51
	~0,51
	0
	~0,54

	
	Mode
	0
	0
	0
	~0,41

	
	Minimum
	0
	0
	0
	~0,41

	Improved Procurement Activities
	Maximum
	1
	1
	0
	~0,8

	
	Mean
	~0,53
	~0,53
	0
	~0,7

	
	Mode
	0
	0
	0
	~0,8

	
	Minimum
	0
	0
	0
	~0,53

	Reduced Operational Cost
	Maximum
	1
	1
	0
	~0,97

	
	Mean
	~0,53
	~0,53
	0
	~0,77

	
	Mode
	0
	0
	0
	~0,94

	
	Minimum
	0
	0
	0
	~0,51



Figure 7.32 was built to present the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704115]Figure 7.32: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Following the colour code created before and by observing the results presented in Figure 7.32 (a), 7.32 (b) and 7.32 (c), it is apparent that with this distribution, Activity and Stakeholder nodes gain relevance in the network. It is also possible to notice that generally the Closeness Centrality is high.

Table 7.21 shows the five nodes with higher Closeness centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). To allow a more precise identification of the nodes, the WBS name and the project activity description were added.

[bookmark: _Toc72704314]Table 7.21: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	EP1120
	Activity
	
	90% Model Review

	
	A29360
	Activity
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule & etc.)

	
	SH62
	Stakeholder
	
	Engineering Manager

	
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	
	A11730
	Activity
	P&ID - Nitrogen Generation Package
	Issue as IFC

	Improved Procurement Activities
	A16610
	Activity
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC

	
	A14720
	Activity
	Specification for Pressure Vessels
	Issue as IFC

	
	A22490
	Activity
	Overall Electrical Equipment Layout - Plan & Section
	Issue as IFC

	
	A23820
	Activity
	Electrical Load List
	Issue as IFC

	
	A16610
	Activity
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC

	Reduced Operational Cost
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	
	A11730
	Activity
	P&ID - Nitrogen Generation Package
	Issue as IFC

	
	A12360
	Activity
	P&ID - Flare Package
	Issue as IFC

	
	A29360
	Activity
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule & etc.)

	
	A16330
	Activity
	EOT crane Data Sheets
	Issue as IFC




Comparison of Centrality Metrics
The previous subsections focused on individual analysis of each of the social network centrality measures: Degree Centrality, Betweenness Centrality and Closeness Centrality. These analyses were performed together for the three Process Innovation Outcomes.
Figure 7.33 presents an ensemble of these measures’ results.
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[bookmark: _Toc36635694][bookmark: _Toc72704116]Figure 7.33: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figures 7.33 (a), (b) and (c) show that across all Innovation Outcomes, there are nodes which possess zero Closeness and zero Betweenness Centrality. Apart from these, Activity and Stakeholder nodes tend to present high Closeness Centrality. Also, in this latest group, a significant number of nodes present Betweenness Centrality above zero, with some cases presenting a high value of this metric. In fact, there is an important group of outliers, all Activity nodes, which present high values of Betweenness, Closeness and Degree centrality. These can be found in the top left of the plots of Figure 7.33 (a), (b) and (c). 
In terms of relevance for this study, one can note that there are some Activity nodes that have high betweenness and so could prove to be influential in the network. Also, it is possible to observe that Stakeholder nodes have access to a lot of nodes and possess some central role in the network, so they can also be considered influential.
Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost” are the ones present in Table 7.22.

[bookmark: _Toc72704315]Table 7.22: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost” Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Node
	Degree
	Closeness

	Reduced Project Implementation Time
	QA/QC Manager
	54
	0.921875

	
	Sr. Process Engineer
	53
	0.907692

	
	Senior Engineer, Piping
	38
	0.880000

	
	Sr. Engineer I&C 
	32
	0.796296

	
	Senior Engineer, Rotating Equipment
	30
	0.767857

	Improved Procurement Activities
	QA/QC Manager
	12
	0.800000

	
	Sr. Electrical Engineer
	10
	0.777778

	
	Project Manager
	8
	0.750000

	
	Cost Control Manager/Procurement Engineer
	8
	0.750000

	
	QA/QC Manager
	8
	0.750000

	Reduced Operational Cost
	QA/QC Manager
	121
	0.961832

	
	Cost Control Manager/Procurement Engineer
	54
	0.935484

	
	QA/QC Manager
	54
	0.935484

	
	Sr. Process Engineer
	108
	0.928571

	
	Senior Engineer, Piping
	82
	0.927083



In terms Activities influence on Innovation Outcomes “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”, Table 7.23 presents those which have high Betweenness, high Closeness and high Degree.

[bookmark: _Toc72704316]Table 7.23: Five Activity nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost” Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Project Implementation Time
	Document Review Management
	Reduced deliverable review cycle (From 10 to 3 days)
	42
	0.625000

	
	Document Review Management
	Across the table approval for critical documents
	42
	0.625000

	
	P&ID - Sales Gas Compressor
	Issue as IFC
	22
	0.909091

	
	P&ID - Flare Package
	Issue as IFC
	20
	0.909091

	
	P&ID - Nitrogen Generation Package
	Issue as IFC
	20
	0.909091

	Improved Procurement Activities
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC
	17
	1

	
	Specification for Pressure Vessels
	Issue as IFC
	17
	1

	
	Electrical Load List
	Issue as IFC
	9
	1

	
	Instrument air package Data Sheets (air dry compressor)
	Receive Company Approval
	11
	0.545455

	
	Overall Electrical Equipment Layout - Plan & Section
	Issue as IFC
	8
	1

	Reduced Operational Cost
	P&ID - Sales Gas Compressor
	Issue as IFC
	22
	1

	
	Pipeline Design Basis
	Issue as IFC
	21
	0.923077

	
	Mechanical Design Basis -Static Equipment
	Issue as IFC
	20
	1

	
	P&ID - Nitrogen Generation Package
	Issue as IFC
	10
	1

	
	Mechanical Design Basis -Static Equipment
	Receive Company Approval
	10
	0.521739



[bookmark: _Toc73431538]Stude of Product Innovation Outcomes
Product Innovation Outcomes’ Ego Networks.
There are three Innovation Outcomes related to Product Innovation in this Engineering Phase’s EPC project. Table 7.24 presents the Innovation Outcomes considered in this study along with their description and identifications and the characteristics of their Ego Networks.
[bookmark: _Toc72704317]Table 7.24: Product Innovation Outcomes’ Information
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3500
	A
	Reduced Production Cost
	122
	917

	3503
	D
	Meets Health and Safety Requirements
	84
	393

	3509
	I
	Achieved Industrial Standards
	192
	1636



According to the information on Table 7.24, Innovation Outcome “Achieved Industrial Standards” presents a bigger Ego Network than those of Innovation Outcome “Reduced Production Cost” and “Meets Health and Safety Requirements”. To further assess the characteristics of these Ego Networks, the plot in Figure 7.34 presents their distribution according to node types.
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[bookmark: _Toc72704117]Figure 7.34: Distribution of Node Types for Product Innovation Outcomes

Figure 7.35 presents the Product Innovation Outcomes’ Ego Networks. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704118]Figure 7.35: Ego Networks of Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)
Degree Centrality
Figure 7.36 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Product Innovation Ego Networks.
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[bookmark: _Toc72704119]Figure 7.36: Degree, In-Degree and Out-Degree Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)
Figure 7.36 shows that for all the three Innovation Outcomes analysed in this section, are all right skewed, like was observed for Process Innovations. This means that most of the nodes of these Ego Networks present few connections (being them incoming or outgoing). It is observed that there are some outliers (nodes which present high values across the different centrality metrics) and that in some cases – like in Figure 7.36 III c) – these outliers are heavy. These can be team leaders, project managers, planning activities, financial and project management related tasks, which are entities that traditionally need information or exercise coordination over a high number of other entities and/or activities. 
Detailed analysis based on the different node types (Activities, Innovation Outcomes and Stakeholders) produced Degree Centrality results illustrated in Figure 7.37. 
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[bookmark: _Toc72704120]Figure 7.37: Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figure 7.37 I shows that the maximum value of Degree Centrality for Activity nodes is 25, while for Stakeholder nodes is 100. This and the fact that the Degree Centrality distribution for Stakeholder nodes has a high average value means that Stakeholder nodes present higher connectivity in this social network. Innovation Outcome nodes present high value of Degree Centrality in general. Figure 7.37 II shows that the maximum value of Degree Centrality for Activity nodes is 50, while for Stakeholder nodes is lower. Meanwhile, most Innovation Outcome nodes present a low value of Degree Centrality.
Figure 7.37 III shows the maximum value of Degree Centrality for Stakeholder nodes is above 130, while for Activity is 50 and for Innovation Outcome nodes is above 40. 
Table 7.25 summarises the values presented in Figure 7.37 across the different node types.






[bookmark: _Toc72704318]Table 7.25: Degree Centrality relevant values of the Product Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	101
	25
	33
	101

	
	Mean
	~15
	~10
	~23
	~43

	
	Mode
	13
	13
	29
	53

	
	Minimum
	2
	3
	2
	2

	Meets Health and Safety Requirements
	Maximum
	50
	50
	12
	22

	
	Mean
	~10
	~17
	~7
	~6

	
	Mode
	3
	14
	6
	4

	
	Minimum
	1
	2
	3
	1

	Achieved Industrial Standards
	Maximum
	133
	50
	54
	133

	
	Mean
	~17
	~13
	~20
	~27

	
	Mode
	10
	10
	8
	2

	
	Minimum
	1
	5
	2
	1



Figure 7.38 was built to present the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704121]Figure 7.38: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)


Figure 7.39 shows the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704122]Figure 7.39: In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node types 

Figures 7.39 I (c) and 7.39 II (c) show that Stakeholder nodes do not possess any incoming links, meaning that the values presented in Figure 7.37 for this type of node refers only to Out-Degree Centrality. This is in accordance with what was observed for Process Innovation Outcomes’ In-Degree Centrality. Table 7.26 summarises the values presented in Figure 7.39 across the different node types.

[bookmark: _Toc72704319]Table 7.26: In-Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	101
	25
	33
	101

	
	Mean
	~15
	~10
	~23
	~43

	
	Mode
	13
	13
	29
	53

	
	Minimum
	2
	3
	2
	2

	Meets Health and Safety Requirements
	Maximum
	50
	50
	12
	22

	
	Mean
	~10
	~17
	~7
	~6

	
	Mode
	3
	14
	6
	4

	
	Minimum
	1
	2
	3
	1

	Achieved Industrial Standards
	Maximum
	133
	50
	54
	133

	
	Mean
	~17
	~13
	~20
	~27

	
	Mode
	10
	10
	8
	2

	
	Minimum
	1
	5
	2
	1



Figure 7.40 was built to present the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704123]Figure 7.40: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 7.41 shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704124]Figure 7.41: Out-Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figure 7.41 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero. Table 7.27 summarises the values presented in Figure 7.41 across the different node types.

[bookmark: _Toc72704320]Table 7.27: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	101
	25
	33
	0

	
	Mean
	~8
	~8
	~23
	0

	
	Mode
	0
	8
	29
	0

	
	Minimum
	0
	2
	2
	0

	Meets Health and Safety Requirements
	Maximum
	22
	15
	0
	22

	
	Mean
	~5
	~3
	0
	~4

	
	Mode
	4
	4
	0
	4

	
	Minimum
	0
	0
	0
	1

	Achieved Industrial Standards
	Maximum
	133
	33
	0
	133

	
	Mean
	~9
	~3
	0
	~28

	
	Mode
	1
	1
	0
	2

	
	Minimum
	0
	0
	0
	1



Figure 7.42 was built to present the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704125]Figure 7.42: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)
To summarise the conclusions related to the analysis of the Process Innovation Outcomes, Figure 7.43 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704126]Figure 7.43: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c))

Figure 7.43 shows that Stakeholder nodes have only outgoing connections and that they are responsible for the higher values of Degree Centrality, which indicates they possess access to a lot of nodes belonging to activities and innovation outcomes. It is also possible to conclude that there are some Activity nodes with high values of In-Degree and a significant value of Out-Degree Centrality. This happens across all the Innovation Outcomes.

Focusing on the results for Activity nodes, it is possible to conclude that they tend to present a low value of In-Degree Centrality in Figure 7.43 (a) and 7.43 (c). However, Figure 7.43 (b) shows that some Activity nodes present a high value for this metric. 
Innovation Outcome nodes present typically low values for all Degree Centrality metrics, although it is possible to see that Figure 7.43 (c) presents some heavy outliers with high In-Degree centrality. Table 7.28 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”). 

[bookmark: _Toc72704321]Table 7.28: Ten Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Network
	
	Centrality Metric
	Node Description
	Type

	Reduced Production Cost
	Degree
	Engineering Manager
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	
	Senior Engineer, Piping
	Stakeholder

	
	
	Project Manager
	Stakeholder

	
	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	In-Degree
	Reduced Production Cost
	Innovation Outcome

	
	
	Achieved industrial standards
	Innovation Outcome

	
	
	Reduced operational cost
	Innovation Outcome

	
	
	Issue As IFC
	Activity

	
	
	Issue as IFC
	Activity

	
	Out-Degree
	Engineering Manager
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	
	Senior Engineer, Piping
	Stakeholder

	
	
	Project Manager
	Stakeholder

	
	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	Meets Health and Safety Requirements
	Degree
	IPF (SIL Review)
	Activity

	
	
	60% Model Review
	Activity

	
	
	90% Model Review
	Activity

	
	
	30% Model Review
	Activity

	
	
	HAZOP
	Activity

	
	In-Degree
	IPF (SIL Review)
	Activity

	
	
	60% Model Review
	Activity

	
	
	90% Model Review
	Activity

	
	
	30% Model Review
	Activity

	
	
	HAZOP
	Activity

	
	Out-Degree
	Project Manager
	Stakeholder

	
	
	Engineering Manager
	Stakeholder

	
	
	QA/QC Manager
	Stakeholder

	
	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	Senior Project Manager/Project Manager
	Activity

	Achieved Industrial Standards
	Degree
	Engineering Manager
	Stakeholder

	
	
	Project Manager
	Stakeholder

	
	
	QA/QC Manager
	Stakeholder

	
	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder

	
	In-Degree
	Achieved industrial standards
	Innovation Outcome

	
	
	IPF (SIL Review)
	Activity

	
	
	Issue as IFC
	Activity

	
	
	60% Model Review
	Activity

	
	
	Reduced Production Cost
	Innovation Outcome

	
	Out-Degree
	Engineering Manager
	Stakeholder

	
	
	Project Manager
	Stakeholder

	
	
	QA/QC Manager
	Stakeholder

	
	
	Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	Sr. Process Engineer
	Stakeholder



Betweenness Centrality
Figure 7.44 presents the results for the Betweenness Centrality analysis of the Product Innovation Ego Networks.
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[bookmark: _Toc72704127]Figure 7.44: Betweenness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 7.44 results are in line with what was previously noted for Process Innovation Outcomes: right skewed distribution, which means that most of the nodes have a low level of betweenness centrality, while a few of them present a high value. Detailed analysis of Betweenness Centrality based on the different node types (Activities, Innovation Outcomes and Stakeholders) is presented in Figure 7.44. 
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[bookmark: _Toc72704128]Figure 7.45: Betweenness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figure 7.45 shows that, independent of the Innovation Outcome studied, Innovation Outcome nodes and Stakeholder nodes present zero betweenness centrality, which comes in line with what was noted and explained in previous sections. Table 7.29 summarises the values presented in Figure 7.45 across the different node types.

[bookmark: _Toc72704322]Table 7.29: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	~50
	~50
	0
	0

	
	Mean
	~4
	~4
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Meets Health and Safety Requirements
	Maximum
	~194
	~194
	0
	0

	
	Mean
	~9
	~27
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Achieved Industrial Standards
	Maximum
	~146
	~146
	0
	0

	
	Mean
	~9
	~12
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 7.46 was built to present the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704129]Figure 7.46: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Following the colour code created earlier, it was observed that with this distribution, Activity nodes gain relevance in the network. This is consistent with what was observed before. Table 7.30 shows the five nodes with higher Betweenness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”). To allow a more precise identification of the nodes, the WBS name and the project activity description was added.




[bookmark: _Toc72704323]Table 7.30: Five Nodes with Higher Betweenness Centrality for each Product Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	A19410
	Activity
	Pipeline Design Basis
	Issue as IFC

	
	A14930
	Activity
	Mechanical Design Basis -Static Equipment
	Issue as IFC

	
	A12990
	Activity
	Utility Design Basis and Sizing Report (*)
	Issue as IFC

	
	A12980
	Activity
	Utility Design Basis and Sizing Report (*)
	Receive Company Approval

	
	ISSUE AS IFC
	Activity
	Specification for Pressure Vessels
	Issue as IFC

	Meets Health and Safety Requirements
	EP1110
	Activity
	
	IPF (SIL Review)

	
	EP1100
	Activity
	
	60% Model Review

	
	EP1120
	Activity
	
	90% Model Review

	
	A.01
	Activity
	
	Complete HAZOP / SIL Reviews for all facilities and submit Reports - ICR

	
	G1050
	Activity
	
	30% Model Review

	Achieved Industrial Standards
	EP1110
	Activity
	
	IPF (SIL Review)

	
	A19410
	Activity
	Pipeline Design Basis
	Issue as IFC

	
	A14930
	Activity
	Mechanical Design Basis -Static Equipment
	Issue as IFC

	
	A19400
	Activity
	Pipeline Design Basis
	Receive Company Approval

	
	A14920
	Activity
	Mechanical Design Basis -Static Equipment
	Receive Company Approval




Closeness Centrality
Figure 7.47 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704130]Figure 7.47: Closeness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Improved Procurement Activities” (b) and “Achieved Industrial Standards” (c)

Figure 7.47 shows that there is a significant number of nodes with zero closeness, meaning that they do not have a central position in this ego network. Further it is observed that when one excludes those nodes, the closeness is relatively high and that some nodes seem to be close to their neighbours. This observation applies across all the Product Innovation Outcomes analysed.
A detailed analysis based on different node types (Activities, Innovation Outcomes and Stakeholders) is illustrated on Figure 7.48.  
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[bookmark: _Toc72704131]Figure 7.48: Closeness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figures 7.48 I b), 7.48 II b) and 7.48 III b) show that Innovation Outcome have zero closeness centrality, like was observed for Process Innovation. It is also observed that some Activity nodes are very peripheral in the network and that some of them tend to play a central role in it as observed in Figures 7.48 I a), 7.48 II a) and 7.48 III a).
Figures 7.48 a), 7.48 b) and 7.48 c) show that Stakeholder nodes have a Closeness Centrality that is higher than zero, which means that they can reach other nodes directly in an easier way. Table 7.31 summarises the values presented in Figure 7.48 across the different node types.


[bookmark: _Toc72704324]Table 7.31: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	1
	1
	0
	~0,96

	
	Mean
	~0,55
	~0,53
	0
	~0,80

	
	Mode
	0
	1
	0
	~0,93

	
	Minimum
	0
	0
	0
	~0,51

	Meets Health and Safety Requirements
	Maximum
	1
	1
	0
	~0,85

	
	Mean
	~0,53
	~0,58
	0
	~0,55

	
	Mode
	~0,55
	1
	0
	0,4

	
	Minimum
	0
	0
	0
	0,4

	Achieved Industrial Standards
	Maximum
	1
	1
	0
	~0,96

	
	Mean
	~0,63
	~0,66
	0
	~0,64

	
	Mode
	0
	1
	0
	~0,53

	
	Minimum
	0
	0
	0
	~0,47




Figure 7.49 was built to present the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704132]Figure 7.49: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Following the colour code created earlier and by observing the results presented in Figure 7.49 a), 7.49 b) and 7.49 c), it is noted that with this distribution, Activity and Stakeholder nodes gain relevance in the network. This is in consistent with what was observed for Process Innovation Outcomes on section 7.3.4. 

Table 7.32 shows the five nodes with higher Closeness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”). To allow a more precise identification to the nodes, the WBS name and the project activity description were added.
[bookmark: _Toc72704325]Table 7.32: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	A11170
	Activity
	Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)
	Issue as IFC

	
	A11380
	Activity
	Process Simulation & Equipment Sizing Report
	Issue as IFC

	
	A12990
	Activity
	Utility Design Basis and Sizing Report (*)
	Issue as IFC

	
	A16260
	Activity
	EOT crane motor Data Sheets
	Issue as IFC

	
	A16330
	Activity
	EOT crane Data Sheets
	Issue as IFC

	Meets Health and Safety Requirements
	A.01
	Activity
	
	Complete HAZOP / SIL Reviews for all facilities and submit Reports - ICR

	
	EP1120
	Activity
	
	90% Model Review

	
	A.02
	Activity
	
	Complete HSEIA Study Report and submit 

	
	A28720
	Activity
	Fire Water System - Design Basis
	Issue as IFC

	
	A28790
	Activity
	Deluge System - Design Basis
	Issue as IFC

	Achieved Industrial Standards
	EP1100
	Activity
	
	60% Model Review

	
	A.01
	Activity
	
	Complete HAZOP / SIL Reviews for all facilities and submit Reports - ICR

	
	A16330
	Activity
	EOT crane Data Sheets
	Issue as IFC

	
	A16610
	Activity
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC

	
	A16680
	Activity
	Instrument air package Data Sheets (dryer)
	Issue as IFC


Comparison of Centrality Metrics
The previous subsections focused on individual analysis of each of the social network centrality measures: Degree Centrality, Betweenness Centrality and Closeness Centrality. These analyses were performed together for the three Process Innovation Outcomes. Figure 7.50 presents an ensemble of these measures’ results. 
a)

[image: ][image: ]b)


[image: ]c)


[bookmark: _Toc72704133]Figure 7.50: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)
Figures 7.50 (a), (b) and (c) show that across all Innovation Outcomes, there are nodes which possess zero Closeness and zero Betweenness Centrality. Apart from these, Activity and Stakeholder nodes tend to present high Closeness Centrality. Also, in this latest group, a significant number of nodes present Betweenness Centrality above zero, with some cases presenting a high value of this metric. In fact, there is an important group of outliers, all being Activity nodes, which present high values of Betweenness, Closeness and Degree centrality. These can be found in the top left of the plots of Figure 7.50 (a), (b) and (c). These results are in line with the ones observed in section 7.3.5, for Process Innovation Outcomes.

Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome namely “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards” are the ones present in Table 7.33.

[bookmark: _Toc72704326]Table 7.33: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards” Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Description
	Degree
	Closeness

	Reduced Production Cost
	Engineering Manager
	101
	0.963303

	
	Sr. Process Engineer
	89
	0.932039

	
	Senior Engineer, Piping
	59
	0.927536

	
	Project Manager
	53
	0.934426

	
	Cost Control Manager/Procurement Engineer
	53
	0.934426

	
	QA/QC Manager
	53
	0.934426

	Meets Health and Safety Requirements
	Civil Engineer
	10
	0.857143

	
	Subcontractor-F&G
	10
	0.857143

	
	Project Manager
	22
	0.783784

	
	Engineering Manager
	19
	0.750000

	
	QA/QC Manager
	20
	 0.743590

	Achieved Industrial Standards
	Engineering Manager
	133
	0.952381

	
	Project Manager
	87
	0.939394

	
	QA/QC Manager
	86
	0.930000

	
	Cost Control Manager/Procurement Engineer
	83
	0.885714

	
	Sr. Process Engineer
	79
	0.882353



In terms of Activities influence on Innovation Outcomes “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”, 

[bookmark: _Toc72704327]Table 7.34: High Betweenness, high Closeness and high Degree
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Production Cost
	Pipeline Design Basis
	Issue as IFC
	21
	0.923077

	
	Mechanical Design Basis -Static Equipment
	Issue as IFC
	20
	1

	
	Utility Design Basis and Sizing Report (*)
	Issue as IFC
	16
	1

	
	Utility Design Basis and Sizing Report (*)
	Receive Company Approval
	10
	0.526316

	
	Specification for Pressure Vessels
	Issue as IFC
	17
	1

	Meets Health and Safety Requirements
	
	IPF (SIL Review)
	50
	0.600000

	
	
	60% Model Review
	38
	0.833333

	
	
	90% Model Review
	37
	1

	
	
	Complete HAZOP / SIL Reviews for all facilities and submit Reports - ICR
	12
	1

	
	
	30% Model Review
	33
	0.666667

	Achieved Industrial Standards
	
	IPF (SIL Review)
	50
	0.750000

	
	Pipeline Design Basis
	Issue as IFC
	21
	0.923077

	
	Mechanical Design Basis -Static Equipment
	Issue as IFC
	20
	1.000000

	
	Pipeline Design Basis
	Receive Company Approval
	16
	0.500000

	
	Mechanical Design Basis -Static Equipment
	Receive Company Approval
	14
	0.521739




[bookmark: _Toc73431539]Summary
In this chapter, an analysis of the social network of Activities, Stakeholders and Innovation Outcomes of the Engineering Phase of the EPC project was performed. It was observed that Activity nodes tend to present a high Betweenness Centrality and that Stakeholder nodes tend to present a high Closeness Centrality. After an initial overview of the Engineering Phase, this chapter presented the detailed analysis for the Innovation Outcomes. This analysis was divided in two: Process Innovation Outcomes and Product Innovation Outcomes. The first consists of the following EPC Project tasks: Reduced Project Implementation Time, Improved Procurement Activities and Reduced Operational Cost. The second consists of the following EPC Project tasks: Reduced Production Cost, Meets Health and Safety Requirements and Achieved Industrial Standards. It was observed that the following stakeholders present a high influence on Innovation Outcomes: Engineering Manager, Sr. Process Engineer and Project Manager.

The next chapter presents findings on the Procurement phase of the EPC project.
[bookmark: _Toc73431540]Results – Procurement
[bookmark: _Toc73431541]Introduction
This chapter discusses the results of the analysis of the social network built with the data collected on the EPC project for the Procurement Phase. The analysis is focused on centrality metrics, namely, Degree centrality, Closeness centrality and Betweenness centrality. The scope of the analysis starts with an overview of the Procurement Phase social network and then moves to a detailed analysis of Innovation Outcome nodes’ Ego Networks grouped into Process Innovation and Product Innovation. These Ego Networks have a depth of two, meaning that they are composed by the Innovation Outcome node itself, its neighbours and its neighbours’ neighbours. For each Ego Network, centrality metrics are computed with the help of Gephi software, in order to find Stakeholders and Activities that influence the corresponding Innovation Outcome.


[bookmark: _Toc73431542]Procurement Phase Overview
Focusing on the second of the three phases of the EPC project, Figure 8.1 presents the social network composed by the nodes and relationships of the Procurement Phase. The image was produced with the Gephi software, using the Force Atlas layout algorithm with a repulsion strength of 100, among other visualisation parameters.
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[bookmark: _Toc72704134]Figure 8.1:  Procurement Phase Social Network

Just as it was observed in Figure 8.1 in the previous chapter, Figure 8.1 shows that there are nodes which present a central position in the network, while other nodes are very peripheral. This will be further assessed since it will allow the study of their importance in the network. 
As observed earlier, this network is directed, meaning that there is a direction associated with a relationship between nodes. Table 8.1 presents a summary of the Procurement Phase social network’s main general characteristics, which allows one to conclude that this phase involves less entities than the previous Engineering Phase.

[bookmark: _Toc72704328]Table 8.1: General Characteristics of the Procurement Phase Social Network
	Characteristic
	Value

	Total of Nodes
	1068

	Total of Edges
	7127


Focusing on the types of nodes that exist in the social network under analysis, Figure 8.2 presents a pie chart with their distribution.
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[bookmark: _Toc72704135]Figure 8.2: Distribution of Node Types in the Procurement Phase Social Network

Most of the Procurement Phase social network is composed of activities, which represent 82% of the total number of nodes. The second largest group is the Stakeholder nodes’ group, which represent 17% of the whole network, and the smallest group belongs to the Innovation Outcome nodes, which represent 0,9% of the total number of nodes. These numbers are in line with those observed in the previous chapter, for the Engineering Phase, although it is possible to notice that the weight of the Activity nodes is slightly lower. In summary, the Procurement Phase Social Network has 876 Activity nodes, 182 Stakeholder nodes and 10 Innovation Outcomes nodes.

Procurement Phase Social Network Metrics
Table 8.2 presents relevant metrics for the Procurement Phase Social Network. These metrics are related to Social Network analysis and are the following: network diameter, graph density, average path length, average clustering coefficient and average degree.

[bookmark: _Toc72704329]Table 8.2: Social Network Metrics of the Procurement Phase Social Network
	Social Network Metrics
	Value

	Network Diameter
	8

	Graph Density
	0,006

	Average Path Length
	2,301

	Average Clustering Coefficient
	0,097

	Average Degree
	6,673



Table 8.2 shows that the network diameter for this network is eight, which is much lower than the 28 reported in section 7.2.1. That means of all the possible node pairs, that one has the shortest path that passes through eight nodes. This metric demonstrates that this network is significantly smaller than that of the Engineering Phase. In terms of the interpretation related to the specific problem here studied, this number means that there is a set of activities/processes, stakeholders and possibly innovation outcomes that are composed of eight “steps”. This number is in accordance with the magnitude of this EPC project and specifically to its Procurement Phase, since it presents less tasks than that of Engineering.

Table 8.2 shows that the graph density is relatively small, presenting a value of 0,006, which means that of all the connections that may exist in this network a small fraction of them is present. In terms of the average path length, the value 2,301 indicates that there are, on average, a little more than two nodes along the shortest paths for all pairs of nodes in this network. Besides this, Table 8.2 indicates that the average clustering coefficient is of 0,097 which is slightly higher than that presented in section 7.2.1. However, the value is also small. Lastly, the average degree of the network is 6.673 meaning that on average, a node of this network is connected to almost seven other nodes. 

Degree Centrality
Figure 8.3 presents the results of the analysis of the Degree, In-Degree and Out-Degree Distribution for the Procurement Phase social network.
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[bookmark: _Toc72704136]Figure 8.3: Degree a), In-Degree b) and Out-Degree c) Centrality in the Procurement Phase Social Network

All the Degree distributions presented above in Figure 8.3 are skewed to the right, which means that most of the nodes in the Procurement Phase Social Network present low connectivity.
Due to the existence of outliers in Figure 8.3 a) and 8.3 b), the visualisation was improved with the exclusion of nodes with a Degree and Out-Degree higher than 100. 
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[bookmark: _Toc72704137]Figure 8.4: Degree a) and Out-Degree b) Centrality in the Procurement Phase Social Network for nodes with less than 100 value

To extract further details of the analysis according to the different node types, Figure 8.5 presents the results for Degree, In-Degree and Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704138]Figure 8.5: Degree (I), In-Degree (II) and Out-Degree Centrality (III) in the Procurement Phase Social Network according to node type

Stakeholder nodes present a zero In-Degree value, while Innovation Outcome present the same value but for Out-Degree centrality. This is in accordance with the findings of the previous chapter. Figure 8.5 I shows that Activity nodes tend to have a lower Degree Centrality than Stakeholder nodes, while Innovation Outcomes present even lower values. This is in according with the characteristics of an EPC Project, in which Stakeholders present a heavy connection to a lot of activities. Table 8.3 summarises the values presented in Figure 8.5 across the different node types and Centrality metrics analysed.

[bookmark: _Toc72704330]Table 8.3: Degree Centrality relevant values of the Procurement Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Centrality Metric
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	DEGREE
	Maximum
	790
	91
	52
	790

	
	Mean
	~14
	~10
	~9
	33

	
	Mode
	8
	8
	0
	0

	
	Minimum
	1
	1
	0
	0

	IN-DEGREE
	Maximum
	90
	90
	52
	0

	
	Mean
	~7
	~9
	~8.2
	0

	
	Mode
	0
	6
	0
	0

	
	Minimum
	0
	0
	0
	0

	OUT-DEGREE
	Maximum
	790
	12
	0
	790

	
	Mean
	~7
	~2
	0
	33

	
	Mode
	1
	1
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 8.6 shows the Procurement Phase Social Network affected Degree, In-Degree and Out-Degree: bigger nodes indicate a higher centrality result.
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[bookmark: _Toc72704139]Figure 8.6: Degree a), In-Degree b) and Out-Degree Centrality c) in the Procurement Phase Social Network

Figure 8.6 shows that there are some Stakeholder nodes that are of significant relevance to Degree (a) and Out-Degree (c) distributions. This is according to what was observed in the previous Figures. It can also be observed that Activity nodes and some Innovation Outcomes gain relevance in Figure 8.6 b), referring to In-Degree centrality. To summarise the conclusions related to the analysis of the Procurement Phase social network, Figure 8.7 presents the Degree, In-Degree and Out-Degree metrics in the same plot.
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[bookmark: _Toc72704140]Figure 8.7: Procurement Phase Social Network summary of Degree Centrality values

Figure 8.7 presents what was previously observed: that most of the nodes present low degree value, which reflects on the size of the labels in the plot. Besides, there is an agglomeration of nodes in the inferior left corner, where there is low level of both in-degree and out-degree. Figure 8.7 also shows that Stakeholder nodes have an Out-Degree value which is higher than zero and do not present In-Degree values. Some of these nodes present a high value of Out-Degree. The opposite conclusion can be withdrawn for the Activity nodes.  Table 8.4 shows the 10 nodes with higher Degree, In-Degree and Out-Degree centrality in the Procurement Phase. 

[bookmark: _Toc72704331]Table 8.4: Ten Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Procurement Phase Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	SH60 – QA/QC Manager
	Stakeholder

	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	SH55 – Project Manager
	Stakeholder

	
	SH28 – Sr. QA/QC Engineer
	Stakeholder

	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	SH37 – Senior Engineer, Piping
	Stakeholder

	
	SH17 – Procurement Engineer
	Stakeholder

	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	SH7 – Project Co-ordinator
	Stakeholder

	In-Degree
	A29260 – Issue PO
	Activity

	
	A29270 – Delivery on Site
	Activity

	
	A29250 – Issue PO
	Activity

	
	A29280 – Delivery on Site
	Activity

	
	J – Achieved industrial standards
	Innovation Outcome

	
	A6070 – Approved Vendor Documents
	Activity

	
	A6420 – Approved Vendor Documents
	Activity

	
	A6470 – Approved Vendor Documents
	Activity

	
	A1360 – Prepare and Issue MR
	Activity

	
	A1160 - Prepare and Issue MR
	Activity

	Out-Degree
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	SH60 – QA/QC Manager
	Stakeholder

	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	SH55 – Project Manager
	Stakeholder

	
	SH28 – Sr. QA/QC Engineer
	Stakeholder

	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	SH37 – Senior Engineer, Piping
	Stakeholder

	
	SH17 – Procurement Engineer
	Stakeholder

	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	SH7 – Project Co-ordinator
	Stakeholder


Table 8.5 shows the 10 nodes with lower Degree, In-Degree and Out-Degree centrality in the Procurement Phase.
[bookmark: _Toc72704332]Table 8.5: Ten Nodes with Lower Degree, In-Degree and Out-Degree Centrality in the Procurement Phase Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	SH3 – Interface Co-ordinator
	Stakeholder

	
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	SH19 – Senior Engineer (Operations Readiness)
	Stakeholder

	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	
	SH30 – Cost Estimation Engineer
	Stakeholder

	
	SH49 – Pipeline Representative
	Stakeholder

	
	SH50 – Engineer, I-C
	Stakeholder

	
	SH51 – Engineer, Electrical
	Stakeholder

	
	SH52 – Pipeline Engineer
	Stakeholder

	
	SH53 – Commissioning Team Leader
	Stakeholder

	In-Degree
	A2000 – Prepare and Issue MR
	Activity

	
	A5780 – Prepare and Issue MR
	Activity

	
	A5800 – Prepare and Issue MR
	Activity

	
	A5840 – Prepare and Issue MR
	Activity

	
	A5860 – Prepare and Issue MR
	Activity

	
	A5960 – Prepare and Issue MR
	Activity

	
	A5940 – Prepare and Issue MR
	Activity

	
	A5900 – Prepare and Issue MR
	Activity

	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	SH2 – Sr. Project Engineer
	Stakeholder

	Out-Degree
	J – Achieved industrial standards
	Innovation Outcome

	
	A – Reduced Production Cost
	Innovation Outcome

	
	A29270 – Delivery on Site
	Activity

	
	B.08 – Submit G-SPIRs to company and Issue orders for the operating spares for all items after obtaining COMPANY approvals.
	Activity

	
	A5490 – Issue PO
	Activity

	
	A5510 – Issue PO
	Activity

	
	A5530 – Issue PO
	Activity

	
	A5550 – Issue PO
	Activity

	
	A5590 – Issue PO
	Activity

	
	A5570 – Issue PO
	Activity



Betweenness Centrality
Figure 8.8 shows the results of the Betweenness Centrality distribution for the Procurement Phase social network.
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[bookmark: _Toc72704141]Figure 8.8: Betweenness Centrality in the Procurement Phase Social Network.
Figure 8.8 shows that the distribution is skewed to the right, which means that most of the nodes have a low level of Betweenness Centrality. This indicates that a small number of nodes of this network might have a high influence in the graph. 
Proceeding accordingly to the previous sections, Figure 8.9 presents the Betweenness Centrality results according to the types of nodes.
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[bookmark: _Toc72704142]Figure 8.9: Betweenness Centrality in the Procurement Phase Social Network according to node type

As it was noted before in section 7.2.3, both Innovation Outcome nodes and Stakeholder nodes have a zero betweenness centrality, which means that the most influential nodes on the Procurement Phase social network are the activity nodes. Table 8.6 presents relevant values of this distribution.

[bookmark: _Toc72704333]Table 8.6: Betweenness Centrality relevant values of the Procurement Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	634
	634
	0
	0

	Mean
	~22
	~25
	0
	0

	Mode
	0
	0
	0
	0

	Minimum
	0
	0
	0
	0



Figure 8.10 shows the Procurement Phase Social Network affected by the Betweenness Centrality results: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704143]Figure 8.10: Procurement Phase Social Network affected by Betweenness Centrality

Observing Figure 8.10, it is noticed that Activity nodes gain relevance in the network. This happens because some activities can act as boundary spanners, creating bridges between activities and stakeholders which have a loose relationship between them.
Table 8.7 shows the 10 nodes with higher Betweenness Centrality in the Procurement Phase for the Activity nodes since the other types of nodes have a zero betweenness value. 
[bookmark: _Toc72704334]Table 8.7: Ten Nodes with Higher Betweenness Centrality in the Procurement Phase Social Network
	Betweenness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	A29280
	Activity
	Miscellaneous (BM)
	Delivery on Site

	A29260
	Activity
	Miscellaneous (BM)
	Issue PO

	A1880
	Activity
	HIPS (High Integrity Pressure Protection System)
	Prepare and Issue MR

	A1890
	Activity
	HIPS (High Integrity Pressure Protection System)
	Issue PO

	A29250
	Activity
	Miscellaneous (E&P)
	Issue PO

	B.03
	Activity
	
	Issue Purchase Orders for 33kV & 11kV Switchgears, HIPPS and Instrument Control Systems (ICS) Equipment (NOTE-3)

	A6860
	Activity
	33kV GIS Switchgear
	Received Vendor Documents

	A1500
	Activity
	HVAC Package
	Prepare and Issue MR

	A1340
	Activity
	Discharged Cooler
	Prepare and Issue MR

	A1510
	Activity
	HVAC Package
	Issue PO



Table 8.7 shows that the task “Issue PO” aggregates several WBS tasks, making an effective bridge in the Procurement Phase Social Network. Along with this task, the others presented above are all activities that exert a heavy influence in the network. 

Closeness Centrality
Figure 8.11 shows the results of the Closeness Centrality distribution for the Procurement Phase social network.
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[bookmark: _Toc72704144]Figure 8.11: Closeness Centrality in the Procurement Phase Social Network
As before, most of the nodes have a low closeness, meaning that they are not central to the network, while a few of them tend to have a high closeness value. 
The analysis of Closeness Centrality according to the types of nodes is presented in Figure 8.12.
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[bookmark: _Toc72704145]Figure 8.12: Closeness Centrality in the Procurement Phase Social Network according to node type

Figure 8.12 shows that Innovation Outcome nodes are generally distant from every other node in the network since they are close to zero. This means that Innovation Outcomes tend not to be central in the network, which happens because they are the outputs of the Innovation flow.

Table 8.8 summarises the relevant values presented across the different node types.

[bookmark: _Toc72704335]Table 8.8: Closeness Centrality relevant values of the Procurement Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	1
	1
	0
	1

	Mean
	~0,45
	~0,50
	0
	~0,25

	Mode
	0
	0,50
	0
	0

	Minimum
	0
	0
	0
	0



Figure 8.13 presents the Procurement Phase Social Network affected by Closeness Centrality: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704146]Figure 8.13: Procurement Phase Social Network affected by Closeness Centrality

Figure 8.13 shows that there are Activity nodes with high closeness, which happens because activities are close to each other in terms of a WBS logic and they are also close to Stakeholders. Table 8.9 shows the 10 nodes with higher Closeness Centrality in the Procurement Phase.

[bookmark: _Toc72704336]Table 8.9: Ten Nodes with Higher Closeness Centrality in the Procurement Phase 
	Closeness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	A29250
	Activity
	Miscellaneous (E&P)
	Issue PO

	A9480
	Activity
	Pipes (CS) (NPS < 10")
	Ex-Work Delivery (FOB)

	A9500
	Activity
	Pipes (SS)
	Ex-Work Delivery (FOB)

	A9560
	Activity
	Fittings (SS)
	Ex-Work Delivery (FOB)

	A9600
	Activity
	Flange (CS) (NPS < 10")
	Ex-Work Delivery (FOB)

	A9680
	Activity
	GRE Pipes & Fittings
	Ex-Work Delivery (FOB)

	A9740
	Activity
	GRV pipes & fittings
	Ex-Work Delivery (FOB)

	A9760
	Activity
	Ball valve (NPS > 10")
	Ex-Work Delivery (FOB)

	A9780
	Activity
	Ball valve (NPS < 10")
	Ex-Work Delivery (FOB)

	A10280
	Activity
	GRE Flanges
	Ex-Work Delivery (FOB)



Table 8.9 shows that the task “Ex-Work Delivery (FOB)” is close to several WBS tasks, which makes it a hub in the network in terms of access to information of the other activities. 

Comparison of Centrality Metrics
Figure 8.14 presents an ensemble of the social network metrics analysed separately before: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704147]Figure 8.14: Procurement Phase Social Network summary of Centrality metrics

Observing Figure 8.14, it is apparent that there are a significant number of nodes with zero Closeness, zero Betweenness and a low Degree value. Apart from those, the general values of Closeness Centrality are around 0,50. Figure 8.14 also shows that most of the nodes present a Betweenness Centrality of zero. These nodes tend to be Stakeholder nodes. Besides, there are some Activity nodes with a high value of Betweenness, Closeness and Degree Centrality. These nodes tend to be the most influential in the Procurement Phase of the EPC Project.

[bookmark: _Toc73431543]Study of Process Innovation Outcomes
Process Innovation Outcomes’ Ego Networks.
[bookmark: OLE_LINK2]Table 8.10 presents the general characteristics of the Innovation Outcomes’ Ego Networks analysed in this subsection.

[bookmark: _Toc72704337]Table 8.10: Process Innovation Outcomes’ Information for the Procurement Phase of the EPC Project
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3501
	B
	Reduced Project Implementation Time
	41
	157

	3506
	G
	Improved Procurement Activities
	38
	152

	3508
	I
	Reduced Operational Cost
	19
	21



Table 8.10 shows that the Innovation Outcomes’ Ego Networks are significantly smaller in the Procurement Phase when compared to the same networks in the Engineering Phase. 
The “Reduced Operational Cost”’ Ego Network is the smallest of all the three presented, followed by the “Improved Procurement Activities”’ Ego Network and by the “Reduced Project Implementation Time”, in terms of size. To further assess the characteristics of these Ego Networks, the plot in Figure 8.15 presents their distribution according to node types.
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[bookmark: _Toc72704148]Figure 8.15: Distribution of Node Types for Process Innovation Outcomes’ Ego Networks

The plot in Figure 8.15 shows that there is a prevalence of Activity nodes in the three Ego Networks. Figure 8.16 presents the Process Innovation Outcomes’ Ego Networks created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704149]Figure 8.16: Ego Networks of Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Degree Centrality
Figure 8.17 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704150]Figure 8.17: Degree (I), In-Degree (II) and Out-Degree Centrality (III) of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 8.17 shows that all the Degree Centrality values, across all node types, tend to have a right skewed distribution. The exception can be seen in Figure 8.17 II b), for the In-Degree Centrality of Innovation Outcome “Improved Procurement Activities”.
This observation means most of the nodes of these Ego Networks present few connections. This implies that the nodes in these Networks are not that connected so that it can be difficult for information to flow between them. Despite the observation made, Figure 8.17 shows that there are always nodes which present high values of each of the Degree centrality metrics analysed. The results of a more detailed analysis of Degree Centrality based on different node types (Activities, Innovation Outcomes and Stakeholders) are presented in Figure 8.18. 
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[bookmark: _Toc72704151]Figure 8.18: Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 8.18 shows that Activity and Stakeholder nodes have higher Degree Centrality values when compared to Innovation Outcome nodes. Observing Figures 8.18 I and 8.18 II it is noted that the maximum value of Degree Centrality for Stakeholder nodes is 25, while for Activity nodes it is slightly lower. This indicates that Stakeholder nodes of the first two Innovation Outcomes have higher connectivity than Activity nodes.
Figure 8.18 III shows that both Innovation Outcome and Stakeholder nodes present a low value of Degree Centrality. In that regard, Activity nodes tend to have higher connectivity in the “Reduced Operational Cost”. Table 8.11 summarises the values presented in Figure 8.19 across the different node types.

[bookmark: _Toc72704338]Table 8.11: Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	25
	19
	8
	25

	
	Mean
	~8
	~7
	~6
	~13

	
	Mode
	4
	4
	1
	3

	
	Minimum
	1
	1
	1
	3

	Improved Procurement Activities
	Maximum
	24
	19
	7
	24

	
	Mean
	8
	~7
	~7
	13

	
	Mode
	4
	4
	7
	3

	
	Minimum
	2
	2
	6
	3

	Reduced Operational Cost
	Maximum
	14
	14
	2
	2

	
	Mean
	~3
	~6
	~2
	~2

	
	Mode
	1
	1
	2
	1

	
	Minimum
	1
	1
	1
	1



Figure 8.19 was built to present the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704152]Figure 8.19: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” a), “Improved Procurement Activities” b) and “Reduced Operational Cost” c)

The Ego Networks a) and b) present Activity and Stakeholder nodes with higher relevance, which is in accordance with the analysis presented earlier. Also, in Figure 8.19 Ego Network c), it is observed that Activity nodes present higher connectivity. 

Figure 8.20 presents the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders), for each Ego Network.
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[bookmark: _Toc72704153]Figure 8.20: In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 8.20 shows that, across all the Innovation Outcomes analysed, every Stakeholder node presented an In-Degree of zero. This means that there are no Stakeholder nodes with incoming links, which was previously observed in the Engineering Phase analysis presented in the previous chapter.
Table 8.12 summarises the values presented in Figure 8.20 across the different node types.

[bookmark: _Toc72704339]Table 8.12: In-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	9
	9
	8
	0

	
	Mean
	~4
	~5
	~6
	0

	
	Mode
	4
	4
	1
	0

	
	Minimum
	0
	0
	1
	0

	Improved Procurement Activities
	Maximum
	9
	9
	7
	0

	
	Mean
	4
	~5
	~7
	0

	
	Mode
	4
	4
	7
	0

	
	Minimum
	0
	0
	6
	0

	Reduced Operational Cost
	Maximum
	10
	10
	2
	0

	
	Mean
	~1
	4
	~2
	0

	
	Mode
	0
	1
	2
	0

	
	Minimum
	0
	1
	1
	0



Figure 8.21 was built to present the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704154]Figure 8.21: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 8.22 shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704155]Figure 8.22: Out-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 8.22 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero, which is in accordance with what was previously observed. From Figure 8.22 I and 8.22 II, it is noted that the outliers of Stakeholder nodes present a higher Out-Degree than Activity nodes, which means that those Stakeholder nodes have higher connectivity. This connectivity means they have access to more nodes. In the case of Innovation Outcome “Reduced Operational Cost”, the opposite holds, with Activity outlier nodes presenting higher Out-Degree value than Stakeholder ones. Table 8.13 summarises the values presented in Figure 8.22 across the different node types.


[bookmark: _Toc72704340]Table 8.13: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	25
	12
	0
	25

	
	Mean
	~4
	~2.3
	0
	~13

	
	Mode
	0
	0
	0
	3

	
	Minimum
	0
	0
	0
	3

	Improved Procurement Activities
	Maximum
	24
	12
	0
	24

	
	Mean
	0
	~3
	0
	~13

	
	Mode
	0
	0
	0
	3

	
	Minimum
	0
	0
	0
	3

	Reduced Operational Cost
	Maximum
	4
	4
	0
	2

	
	Mean
	~1
	~2
	0
	~2

	
	Mode
	1
	0
	0
	1

	
	Minimum
	0
	0
	0
	1



Figure 8.23 was built to present the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704156]Figure 8.23: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

To summarise the conclusions related to the analysis of the Process Innovation Outcomes, Figure 8.24 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704157]Figure 8.24: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c))

The plots in Figure 8.24 show that Innovation Outcomes only present incoming links, while Stakeholder nodes only have outgoing connections across all the studied Ego Networks. Besides, it is possible to notice that Degree Centrality is quite homogenous across all Innovation Outcomes’ results. Observing the plots, it be can noticed that there are some Stakeholder nodes that present a high value of Out-Degree and some Activity nodes are able to show high values for both In- and Out-Degree Centrality. Table 8.14 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). 





[bookmark: _Toc72704341]Table 8.14: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Networks
	
	Centrality Metric
	Node Description
	Type

	Reduced Project Implementation Time
	Degree
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH17 – Procurement Engineer
	Stakeholder

	
	
	PM0005 – Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	Activity

	
	
	PM0006 – Daily Procurement Meetings with Vendors
	Activity

	
	
	PM0007 – Allocation of Expeditors at Vendor Manufacturing locations
	Activity

	
	In-Degree
	C.01 – Receive Gas Compressor Packages (Tag # 834-K-101/K-201/K-301) at site
	Activity

	
	
	B – Reduced project implementation time
	Innovation Outcome

	
	
	C.02 – Receive Air Coolers, Metering Skid Package, K.O Drums and Air Compressor & Dryer Package at site
	Activity

	
	
	C.03 – Receive 33kV & 11kV Switchgears and 33kV/11kV Transformers Instrument Control System (ICS) and HIPS Equipment at site
	Activity

	
	
	G – Improved procurement activities
	Innovation Outcome

	
	Out-Degree
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH17 – Procurement Engineer
	Stakeholder

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	PM0005 – Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	Activity

	
	
	PM0006 – Daily Procurement Meetings with Vendors
	Activity

	Improved Procurement Activities
	Degree
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH17 – Procurement Engineer
	Stakeholder

	
	
	PM0005 – Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	Activity

	
	
	PM0006 – Daily Procurement Meetings with Vendors
	Activity

	
	
	PM0007 – Allocation of Expeditors at Vendor Manufacturing locations
	Activity

	
	In-Degree
	C.01 – Receive Gas Compressor Packages (Tag # 834-K-101/K-201/K-301) at site
	Activity

	
	
	C.02 – Receive Air Coolers, Metering Skid Package, K.O Drums and Air Compressor & Dryer Package at site
	Activity

	
	
	C.03 – Receive 33kV & 11kV Switchgears and 33kV/11kV Transformers Instrument Control System (ICS) and HIPS Equipment at site
	Activity

	
	
	B – Reduced project implementation time
	Innovation Outcome

	
	
	G – Improved procurement activities
	Innovation Outcome

	
	Out-Degree
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH17 – Procurement Engineer
	Stakeholder

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	PM0005 – Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	Activity

	
	
	PM0006 – Daily Procurement Meetings with Vendors
	Activity

	Reduced Operational Cost
	Degree
	A5980 – Prepare and Issue MR
	Activity

	
	
	A6020 – Prepare and Issue MR
	Activity

	
	
	J – Achieved industrial standards
	Innovation Outcome

	
	
	I – Reduced operational cost
	Innovation Outcome

	
	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	In-Degree
	A5980 – Prepare and Issue MR
	Activity

	
	
	A6020 – Prepare and Issue MR
	Activity

	
	
	J – Achieved industrial standards
	Innovation Outcome

	
	
	I – Reduced operational cost
	Innovation Outcome

	
	
	D – Meets health and safety requirements
	Innovation Outcome

	
	Out-Degree
	A5980 – Prepare and Issue MR
	Activity

	
	
	A6020 – Prepare and Issue MR
	Activity

	
	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	
	SH28 – Sr. QA/QC Engineer
	Stakeholder

	
	
	SH6 – Team Leader/Engineering Manager
	Stakeholder



Betweenness Centrality
Figure 8.25 presents the results for the Betweenness Centrality analysis of the Process Innovation Ego Networks. 
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[bookmark: _Toc72704158]Figure 8.25: Betweenness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figures 8.25 a) and 8.25 b) are similar because Ego Networks of the Innovation Outcomes “Reduced Project Implementation Time” and “Improved Procurement Activities” share many nodes. Figure 8.25 c) presents a similar distribution, but the differences here are more pronounced. All the three plots in Figure 8.25 present right skewed distributions, which means most of the nodes have a low level of Betweenness Centrality, while a few of them present a relatively high value (outliers). This comes in line with the results observed in the previous Chapter for the Engineering Phase Analysis.

Figure 8.26 presents a deeper analysis of Betweenness Centrality based on node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704159]Figure 8.26: Betweenness Centrality for “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 8.26 presents that Betweenness Centrality for Innovation Outcome and Stakeholder nodes is always zero, across the three Ego Network studied. This was observed before for the Procurement Phase Social Network. The fact that this centrality measure is zero is because Innovation Outcome nodes do not make bridges with other nodes as a result of their being the last step to Innovation. On the other side, Stakeholder nodes are the ones which influence Activities and/or Innovation Outcomes, so they are the starting point, being unable to build bridges in the Network. Table 8.15 summarises the values presented in Figure 8.26 across the different node types.

[bookmark: _Toc72704342]Table 8.15: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	29
	29
	0
	0

	
	Mean
	~4
	~4
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Improved Procurement Activities
	Maximum
	29
	29
	0
	0

	
	Mean
	~4
	~4
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Reduced Operational Cost
	Maximum
	38
	38
	0
	0

	
	Mean
	12
	12
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 8.27 was built to present the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704160]Figure 8.27: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

From Figure 8.27, it is observed that through the centrality metric, Activity nodes gain relevance in the network. This happens because some activities can act as boundary spanners, creating bridges between activities and stakeholders which have a loose relationship between them. Table 8.16 shows the five nodes with higher Betweenness centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). To allow a more precise identification of the nodes, the WBS name and the project activity description were added to the table.


[bookmark: _Toc72704343]Table 8.16: Five Nodes with Higher Betweenness Centrality for each Process Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	PM0007
	Activity
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations

	
	PM0005
	Activity
	Procurement Management
	Weekly Procurement expediting meetings with CONTRACTOR and VENDORS

	
	PM0006
	Activity
	Procurement Management
	Daily Procurement Meetings with Vendors

	
	PM0001
	Activity
	Vendor Management
	Factory Visit 1 (Critical Equipment-Compressor Package, Instrument Air Package, Flare Package, N2 Generator Package)

	
	PM0002
	Activity
	Vendor Management
	Factory Visit 2 (33kv Gis Switchgear, ICS,HIPS, Metering Skid)

	Improved Procurement Activities
	PM0007
	Activity
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations

	
	PM0005
	Activity
	Procurement Management
	Weekly Procurement expediting meetings with CONTRACTOR and VENDORS

	
	PM0006
	Activity
	Procurement Management
	Daily Procurement Meetings with Vendors

	
	PM0001
	Activity
	Vendor Management
	Factory Visit 1 (Critical Equipment-Compressor Package, Instrument Air Package, Flare Package, N2 Generator Package)

	
	PM0002
	Activity
	Vendor Management
	Factory Visit 2 (33kv Gis Switchgear, ICS,HIPS, Metering Skid)

	Reduced Operational Cost
	A5980
	Activity
	RBI Study
	Prepare and Issue MR

	
	A6020
	Activity
	Corrosion and Material Assessment Study
	Prepare and Issue MR

	
	J
	Innovation Outcome
	Product
	Achieved industrial standards

	
	D
	Innovation Outcome
	Product
	Meets health and safety requirements

	
	A6030
	Activity
	Corrosion and Material Assessment Study
	Issue PO




Closeness Centrality
Following the procedure of the previous sections, Figure 8.28 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704161]Figure 8.28: Closeness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

As it was observed previously for the other centrality metrics analysed in this section, Innovation Outcomes “Reduced Project Implementation Time” and “Improved Procurement Activities” present similar results. Figure 8.28 a) and Figure 8.28 b) shows these results. Further, it is observed in Figure 8.28 that apart from a few nodes with zero Closeness Centrality, the values of this centrality metric tend to be relatively high, which means that the nodes of these Ego Network tend to have a central position in them. 
The analysis of Closeness Centrality according to the types of nodes is presented in Figure 8.29.
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[bookmark: _Toc72704162]Figure 8.29: Closeness Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figures 8.29 I b), 8.29 II b) and 8.29 III b) show that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. It is also observed that some Activity nodes are very peripheral in the network and while others play a central role in it. Besides, Stakeholder nodes seem to present a high closeness centrality. In terms of this context, this means that Stakeholder nodes can directly influence other nodes in these three Ego Networks. Figures 8.29 I c), 8.29 II c) and 8.29 III c) show that Stakeholder nodes have Closeness Centrality higher than zero. This is in accordance with what was observed in previous sections. Table 8.17 summarises the values presented in Figure 8.29 across the different node types.

[bookmark: _Toc72704344]Table 8.17: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	1
	1
	0
	~0.88

	
	Mean
	~0.44
	~0.45
	0
	~0.67

	
	Mode
	0
	0
	0
	~0.54

	
	Minimum
	0
	0
	0
	~0.54

	Improved Procurement Activities
	Maximum
	1
	1
	0
	0.9

	
	Mean
	~0.44
	~0.43
	0
	~0.67

	
	Mode
	0
	0
	0
	~0.54

	
	Minimum
	0
	0
	0
	~0.54

	Reduced Operational Cost
	Maximum
	1
	1
	0
	~0.58

	
	Mean
	~0.46
	~0.5
	0
	~0.56

	
	Mode
	~0.56
	1
	0
	~0.56

	
	Minimum
	0
	0
	0
	~0.56



Figure 8.30 was built to present the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704163]Figure 8.30: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

From Figure 8.30, it is observed that following the used colour code, Activity nodes tend to gain relevance across all Ego Networks studied, which is in accordance with the analysis of this subsection. Table 8.18 shows the five nodes with higher Closeness centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”).



[bookmark: _Toc72704345]Table 8.18: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	B.01
	Activity
	
	Issue Purchase Order for Gas Compressor Packages

	
	B.02
	Activity
	
	Issue Purchase Orders for Air Coolers, Metering Skid Package and K.O Drums

	
	B.03
	Activity
	
	Issue Purchase Orders for 33kV & 11kV Switchgears, HIPPS and Instrument Control Systems (ICS) 

	
	B.04
	Activity
	
	Issue Purchase Orders for other Major Electrical Equipment and 33kV Cables

	
	B.05
	Activity
	
	Issue Purchase Order for all balance equipment (Vessels & Drums, Pumps, Overhead Cranes, Gas Filters, Scrapper Launcher/

	Improved Procurement Activities
	A6100
	Activity
	Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Panel)
	Receipt at Site

	
	A6450
	Activity
	IA Compressor Package
	Receipt at Site

	
	A6900
	Activity
	33kV GIS SWITCHGEAR
	Receipt at Site

	
	A7500
	Activity
	Metering skid
	Receipt at Site

	
	A7650
	Activity
	HIPS (High 
	Receipt at Site

	Reduced Operational Cost
	A6020
	Activity
	Corrosion and Material Assessment Study
	Prepare and Issue MR

	
	A5980
	Activity
	RBI Study
	Prepare and Issue MR

	
	SH16
	Stakeholder
	
	Sr.QA/QC Engineer

	
	SH28
	Stakeholder
	
	Sr. QA/QC Engineer

	
	SH37
	Stakeholder
	
	Senior Engineer, Piping


Comparison of Centrality Metrics
Figure 8.31 presents an ensemble of the social network metrics which were analysed separately earlier: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704164]Figure 8.31: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figures 8.31 a), b) and c) show that across all Innovation Outcomes, there are nodes which possess zero Closeness and zero Betweenness Centrality. Apart from these, Activity and Stakeholder nodes tend to present high Closeness Centrality. It can also be observed that the plots in Figure 8.31 a) and 8.31 b) are very similar, which is in accordance with the observations made throughout this subsection.

In terms of relevance for this study, one can note that there are some Activity nodes that have high betweenness and so could prove to be influential in the network. Also, it is possible to observe that Stakeholder nodes have access to a lot of nodes and possess some central role in the network, so they can also be considered influential. Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost” are present in Table 8.19.

[bookmark: _Toc72704346]Table 8.19: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost’s Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Node
	Degree
	Closeness

	Reduced Project Implementation Time
	SH59 – Cost Control Manager/Procurement Engineer
	25
	0.878788

	
	SH17 – Procurement Engineer
	23
	0.870968

	
	SH1 – Senior Project Manager/Project Manager
	17
	0.688889

	
	SH55 – Project Manager
	10
	0.589286

	
	SH54 – Project Director
	7
	0.563636

	Improved Procurement Activities
	SH59 – Cost Control Manager/Procurement Engineer
	24
	0.900000

	
	SH17 – Procurement Engineer
	23
	0.870968

	
	SH1 – Senior Project Manager/Project Manager
	17
	0.688889

	
	SH55 – Project Manager
	9
	0.584906

	
	SH54 – Project Director
	7
	0.563636

	Reduced Operational Cost
	SH16 – Sr.QA/QC Engineer
	2
	0.583333

	
	SH28 – Sr. QA/QC Engineer
	2
	0.583333

	
	SH37 – Senior Engineer, Piping
	1
	0.571429

	
	SH60 – QA/QC Manager
	1
	0.571429

	
	SH6 – Team Leader/Engineering Manager
	1
	0.555556



In terms Activities influence on Innovation Outcomes “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”, Table 8.20 presents those which have high Betweenness, high Closeness and high Degree.

[bookmark: _Toc72704347]Table 8.20: Five Activity nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost’s Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Project Implementation Time
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations
	18
	1

	
	Procurement Management
	Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	19
	1

	
	Procurement Management
	Daily Procurement Meetings with Vendors
	19
	1

	
	Vendor Management
	Factory Visit 1 (Critical Equipment-Compressor Package, Instrument Air Package, Flare Package, N2 Generator Package)
	12
	0.909091

	
	Vendor Management
	Factory Visit 2 (33kv Gis Switchgear, ICS,HIPS, Metering Skid)
	11
	1

	Improved Procurement Activities
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations
	18
	1

	
	Procurement Management
	Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	19
	1

	
	Procurement Management
	Daily Procurement Meetings with Vendors
	19
	1

	
	Vendor Management
	Factory Visit 1 (Critical Equipment-Compressor Package, Instrument Air Package, Flare Package, N2 Generator Package)
	12
	0.909091

	
	Vendor Management
	Factory Visit 2 (33kv Gis Switchgear, ICS,HIPS, Metering Skid)
	11
	1

	Reduced Operational Cost
	RBI Study
	Prepare and Issue MR
	14
	1

	
	Corrosion and Material Assessment Study
	Prepare and Issue MR
	7
	1

	
	Corrosion and Material Assessment Study
	Issue PO
	1
	0

	
	RBI Study
	Issue PO
	1
	0




[bookmark: _Toc73431544]Study of Product Innovation Outcomes
Product Innovation Outcomes’ Ego Networks.
Table 8.21 presents the general characteristics of the Innovation Outcomes’ Ego Networks.

[bookmark: _Toc72704348]Table 8.21: Product Innovation Outcomes’ Information
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3500
	A
	Reduced Production Cost
	22
	64

	3503
	D
	Meets Health and Safety Requirements
	26
	35

	3509
	I
	Achieved Industrial Standards
	149
	923



Observing Table 8.21, it is possible to note that the first two (A and D) Innovation Outcomes’ Ego Networks are slightly similar in terms of size. The second (D) presents less connectivity, despite a slightly higher number of nodes. The third Ego Network (I) is relatively big when compared to the other two and to those on Table 8.10. Results of a further assessment of the characteristics of these Ego Network based on node type are presented in Figure 8.32.  
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[bookmark: _Toc72704165]Figure 8.32: Distribution of Node Types for Product Innovation Outcomes’ Ego Networks

The plot of the Figure 8.32 shows that the distribution of node types is different from that presented in section 8.3.1 but is in line with the one presented for the same Product Innovation Outcomes on the Engineering Phase. Figure 8.33 presents the Product Innovation Outcomes’ Ego Networks, created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704166]Figure 8.33: Ego Networks of Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Degree Centrality
Figure 8.34 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Product Innovation Ego Networks.
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[bookmark: _Toc72704167]Figure 8.34: Degree, In-Degree and Out-Degree Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 8.34 shows that the Degree Centrality Distributions are all right skewed. An analysis of Degree Centrality according to node types is illustrated in Figure 8.35.  
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[bookmark: _Toc72704168]Figure 8.35: Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

The plots of Figure 8.35 III present the highest values of Degree Centrality, which is because the Ego Network of the Innovation Outcome “Achieved Industrial Standards” is bigger than the other two in this study. Focusing on Figure 8.35 II, it is possible to conclude that Activity nodes’ outliers tend to have a higher Degree value than Stakeholder nodes’ outliers. The opposite happens in Figure 8.35 III. Table 8.22 summarises the values presented in Figure 8.35 across the different node types.

[bookmark: _Toc72704349]Table 8.22: Degree Centrality relevant values of the Product Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	11
	11
	4
	11

	
	Mean
	~6
	~6
	~3
	~8

	
	Mode
	4
	4
	4
	10

	
	Minimum
	1
	1
	1
	2

	Meets Health and Safety Requirements
	Maximum
	14
	14
	3
	4

	
	Mean
	~3
	~6
	~2
	~2

	
	Mode
	1
	2
	1
	1

	
	Minimum
	1
	2
	1
	1

	Achieved Industrial Standards
	Maximum
	99
	31
	52
	99

	
	Mean
	~13
	~10
	~19
	~20

	
	Mode
	5
	5
	52
	1

	
	Minimum
	1
	2
	1
	1



Figure 8.36 was built to present the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704169]Figure 8.36: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 8.37 shows the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704170]Figure 8.37: In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figures 8.37 I c), 8.37 II c) and 8.37 c) show that Stakeholder nodes do not possess any incoming links, which is in accordance with what was observed in the previous chapter. 
Table 8.23 summarises the values presented in Figure 8.37 across the different node types.

[bookmark: _Toc72704350]Table 8.23: In-Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	8
	8
	4
	0

	
	Mean
	~3
	~4
	~3
	0

	
	Mode
	0
	3
	4
	0

	
	Minimum
	0
	0
	1
	0

	Meets Health and Safety Requirements
	Maximum
	10
	10
	3
	0

	
	Mean
	~1.35
	5
	~2
	0

	
	Mode
	0
	2
	1
	0

	
	Minimum
	0
	2
	1
	0

	Achieved Industrial Standards
	Maximum
	52
	29
	52
	0

	
	Mean
	~6
	~8.3
	~19
	0

	
	Mode
	0
	5
	52
	0

	
	Minimum
	0
	1
	1
	0



Figure 8.38 was built to present the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704171]Figure 8.38: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

It can be observed that with this distribution, Stakeholder and Innovation Outcome nodes tend to gain relevance in the networks of Figure 8.38. Figure 8.39 shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704172]Figure 8.39: Out-Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figure 8.38 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero. This was also observed previously for Process Innovation Outcomes, in Section 8.3. Table 8.24 summarises the values presented in Figure 8.39 across the different node types.

[bookmark: _Toc72704351]Table 8.24: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	11
	4
	0
	11

	
	Mean
	~3
	~2
	0
	~8

	
	Mode
	0
	1
	0
	10

	
	Minimum
	0
	0
	0
	2

	Meets Health and Safety Requirements
	Maximum
	4
	4
	0
	4

	
	Mean
	~2
	~1
	0
	~2

	
	Mode
	1
	0
	0
	1

	
	Minimum
	0
	0
	0
	1

	Achieved Industrial Standards
	Maximum
	99
	4
	0
	99

	
	Mean
	~6.2
	~1
	0
	~20

	
	Mode
	0
	0
	0
	1

	
	Minimum
	0
	0
	0
	1



Figure 8.40 was built to present the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704173]Figure 8.40: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

To summarise the conclusions related to the analysis of the Process Innovation Outcomes, Figure 8.41 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704174]Figure 8.41: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c))

From Figure 8.41, it is apparent that Stakeholder nodes only present Out-Degree values and that some of those nodes have a high value of this metric. On the other hand, Innovation Outcome nodes present only In-Degree values. This is in line with what was previously observed. Figure 8.41 c) shows that there is an Innovation Outcome node which has a high value of In-Degree Centrality. Figures 8.41 a) and 8.41 b) present Activity nodes with high Degree, In-Degree and Out-Degree values. Table 8.25 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”). 

[bookmark: _Toc72704352]Table 8.25: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Network
	
	Centrality Metric
	Node Description
	Type

	Reduced Production Cost
	Degree
	A1350 - Issue PO
	Activity

	
	
	SH55 – Project Manager 
	Stakeholder

	
	
	A1630 – Issue PO
	Activity

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	In-Degree
	A29250 – Issue PO
	Activity

	
	
	A1350 – Issue PO
	Activity

	
	
	A1630 – Issue PO
	Activity

	
	
	A1650 – Issue PO
	Activity

	
	
	A6260 – Received Vendor Documents
	Activity

	
	Out-Degree
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH17 – Procurement Engineer
	Stakeholder

	Meets Health and Safety Requirements
	Degree
	A5980 – Prepare and Issue MR
	Activity

	
	
	A6040 – Prepare and Issue MR
	Activity

	
	
	A6000 – Prepare and Issue MR
	Activity

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	D – Meets health and safety requirements
	Innovation Outcome

	
	In-Degree
	A5980 – Prepare and Issue MR
	Activity

	
	
	A6040 – Prepare and Issue MR
	Activity

	
	
	A6000 – Prepare and Issue MR
	Activity

	
	
	D – Meets health and safety requirements
	Innovation Outcome

	
	
	A6010 – Issue PO
	Activity

	
	Out-Degree
	A5980 – Prepare and Issue MR
	Activity

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH62 – Engineering Manager
	Stakeholder

	
	
	SH77 – Sr. Engineer, HSE
	Stakeholder

	Achieved Industrial Standards
	Degree
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	
	J – Achieved industrial standards
	Innovation Outcome

	
	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	In-Degree
	J – Achieved industrial standards
	Innovation Outcome

	
	
	A1360 – Prepare and Issue MR
	Activity

	
	
	A1280 – Prepare and Issue MR
	Activity

	
	
	A1300 – Prepare and Issue MR
	Activity

	
	
	A1320 – Prepare and Issue MR
	Activity

	
	Out-Degree
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	
	SH15 – Sr.Piping & Pipeline Engineer
	Stakeholder



Betweenness Centrality
Figure 8.42 presents the results for the Betweenness Centrality analysis of the Product Innovation Ego Networks.
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[bookmark: _Toc72704175]Figure 8.42: Betweenness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

The plots of Figure 8.42 show that the results are in line with the expected: a few nodes present a high value of Betweenness Centrality, while the rest have a zero value. 
A detailed analysis of Betweenness Centrality based on the different node types produces results illustrated on Figure 8.43. 
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[bookmark: _Toc72704176]Figure 8.43: Betweenness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type 

Independent of the Innovation Outcome analysed, Figure 8.43 shows that Innovation Outcome and Stakeholder nodes do not have a Betweenness Centrality value different from zero, which is in line with what was observed before. Table 8.26 summarises the values presented in Figure 8.43 across the different node types.

[bookmark: _Toc72704353]Table 8.26: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	~14
	~14
	0
	0

	
	Mean
	~1.6
	~2.6
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Meets Health and Safety Requirements
	Maximum
	38
	38
	0
	0

	
	Mean
	~2.4
	10
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Achieved Industrial Standards
	Maximum
	~35
	~35
	0
	0

	
	Mean
	~4
	~5
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 8.44 was built to present the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
[image: ][image: ]a)
b)

[image: ]c)

[bookmark: _Toc72704177]Figure 8.44: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

The images of Figure 8.44 show that Activity nodes gain relevance with this Centrality metric, as was expected. Table 8.27 shows the five nodes with higher Betweenness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”).


[bookmark: _Toc72704354]Table 8.27: Five Nodes with Higher Betweenness Centrality for each Product Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	A1350
	Activity
	Discharged Cooler
	Issue PO

	
	A1630
	Activity
	LV Switchgear
	Issue PO

	
	A1650
	Activity
	Power transformer 40 MVA
	Issue PO

	
	A5850
	Activity
	NDT works at Site
	Issue PO

	
	B.02
	Activity
	
	Issue Purchase Orders for Air Coolers , Metering Skid Package and K.O Drums (NOTE-3)

	Meets Health and Safety Requirements
	A5980
	Activity
	RBI Study
	Prepare and Issue MR

	
	A6040
	Activity
	F&G Mapping Study
	Prepare and Issue MR

	
	A6000
	Activity
	Noise Study
	Prepare and Issue MR

	
	J
	Innovation Outcome
	Product
	Achieved industrial standards

	
	A6010
	Activity
	Noise Study
	Issue PO

	Achieved Industrial Standards
	A5980
	Activity
	RBI Study
	Prepare and Issue MR

	
	A1360
	Activity
	Suction K.O. drum
	Prepare and Issue MR

	
	A1280
	Activity
	Instrument Air Receiver
	Prepare and Issue MR

	
	A1300
	Activity
	Nitrogen  Receiver
	Prepare and Issue MR

	
	A1320
	Activity
	Sales Gas Filter
	Prepare and Issue MR



Closeness Centrality
Figure 8.45 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704178]Figure 8.45: Closeness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Improved Procurement Activities” (b) and “Achieved Industrial Standards” (c)

Figures 8.45 a), 8.45 b) and 8.45 c) present a similar pattern: there are significant numbers of nodes with zero Closeness and another significant number with 1. Besides, the rest of the nodes present a Closeness Centrality value higher than 0.5 and lower than 1. These results are in line with what was previously observed. Results of a detailed analysis based on node types is illustrated in Figure 8.46. 
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[bookmark: _Toc72704179]Figure 8.46: Closeness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node types (Activity (a), Innovation Outcome (b) and Stakeholder (c))

Figures 8.46 I b), 8.46 II b) and 8.46 III b) show that Innovation Outcomes have zero closeness centrality, like was observed earlier for Process Innovation and for the Engineering Phase. It is also observed that some Activity nodes are peripheral in the network and some of them tend to play a central role. (Figure 8.46 I a; 8.46 II a) and 8.46 III a). Focusing on Figures 8.46 I a), 8.46 II a) and 8.46 III a), it is observed that the distributions follow a pattern which is similar to the outliers of the plots of Figure 8.45.
Further, Figure 8.46 I c), 8.46 II c) and 8.46 III c) show that Stakeholder nodes tend to have a Closeness Centrality measure higher than 0.5 and lower than 1. Table 8.28 summarises the values presented in Figure 8.46 across the different node types.

[bookmark: _Toc72704355]Table 8.28: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	1
	1
	0
	0.8125

	
	Mean
	~0.54
	~0.52
	0
	~0.74

	
	Mode
	0
	1
	0
	0.8125

	
	Minimum
	0
	0
	0
	0.6

	Meets Health and Safety Requirements
	Maximum
	1
	1
	0
	~0.83

	
	Mean
	~0.51
	0.5
	0
	~0.6

	
	Mode
	0.6
	1
	0
	0.6

	
	Minimum
	0
	0
	0
	~0.56

	Achieved Industrial Standards
	Maximum
	1
	1
	0
	~1

	
	Mean
	~0.54
	~0.50
	0
	~0.68

	
	Mode
	0
	1
	0
	~0.66

	
	Minimum
	0
	0
	0
	~0.54



Figure 8.47 was built to present the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704180]Figure 8.47: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 8.47 shows that Activity nodes followed by Stakeholder nodes gain relevance in the Networks presented. Table 8.29 shows the five nodes with high Closeness centrality for the three Product Innovation Outcomes “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”.






[bookmark: _Toc72704356]Table 8.29: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	B.02
	Activity
	
	Issue Purchase Orders for Air Coolers , Metering Skid Package and K.O Drums (NOTE-3)

	
	A1350
	Activity
	Discharged Cooler
	Issue PO

	
	A1630
	Activity
	LV SWITCHGEAR
	Issue PO

	
	A1650
	Activity
	POWER TRANSFORMER 40 MVA
	Issue PO

	
	A5850
	Activity
	NDT works at Site
	Issue PO

	Meets Health and Safety Requirements
	A6000
	Activity
	Noise Study
	Prepare and Issue MR

	
	A6040
	Activity
	F&G Mapping Study
	Prepare and Issue MR

	
	A5980
	Activity
	RBI Study
	Prepare and Issue MR

	
	SH55
	Stakeholder
	
	Project Manager

	
	SH76
	Stakeholder
	
	Sr. QA/QC Engineer

	Achieved Industrial Standards
	A1280
	Activity
	Instrument Air Receiver
	Prepare and Issue MR

	
	A1300
	Activity
	Nitrogen Receiver
	Prepare and Issue MR

	
	A1320
	Activity
	Sales Gas Filter
	Prepare and Issue MR

	
	A1340
	Activity
	Discharged Cooler
	Prepare and Issue MR

	
	A1360
	Activity
	Suction K.O. drum
	Prepare and Issue MR



Comparison of Centrality Metrics
Figure 8.48 presents an ensemble of the social network metrics that were analysed separately earlier. 
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[bookmark: _Toc72704181]Figure 8.48: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figures 8.48 a), b) and c) show that across all Innovation Outcomes, there are nodes which possess zero Closeness and zero Betweenness Centrality. Most of those nodes tend to be Innovation Outcome nodes. Apart from these, Activity and Stakeholder nodes present high Closeness Centrality as well as high Degree Centrality. There is an important group of outliers all of them being Activity nodes which present high values of Betweenness, Closeness and Degree centrality. These can be found in the top left of the plots of Figure 8.48 a), b) and c). These results are in line with the ones observed in Section 8.3.5, for Process Innovation Outcomes.

Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards” are presented in Table 8.30.

[bookmark: _Toc72704357]Table 8.30: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standard’s Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Description
	Degree
	Closeness

	Reduced Production Cost
	SH60 – QA/QC Manager
	10
	0.812500

	
	SH76 – Sr. QA/QC Engineer
	10
	0.812500

	
	SH55 – Project Manager
	11
	0.789474

	
	SH17 – Procurement Engineer
	6
	0.714286

	
	SH59 – Cost Control Manager/Procurement Engineer
	7
	0.705882

	Meets Health and Safety Requirements
	SH55 – Project Manager
	4
	0.833333

	
	SH76 – Sr. QA/QC Engineer
	2
	0.625000

	
	SH18 – Sr. HSE Engineer
	3
	0.600000

	
	SH62 – Engineering Manager
	3
	0.600000

	
	SH77 – Sr. Engineer, HSE
	3
	0.600000 

	Achieved Industrial Standards
	SH55 – Project Manager
	99
	0.990099

	
	SH76 – Sr. QA/QC Engineer
	98
	0.990000

	
	SH17 – Procurement Engineer
	49
	0.980392

	
	SH60 – QA/QC Manager
	98
	0.971154

	
	SH54 – Project Director
	21
	0.956522



In terms Activities influence on Innovation Outcomes “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”, Table 8.31 presents those which have high Closeness and high Degree. 

[bookmark: _Toc72704358]Table 8.31: Five Activity nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial standards’ Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Production Cost
	Discharged Cooler
	Issue PO
	11
	1

	
	LV Switchgear
	Issue PO
	10
	1

	
	Power Transformer 40 MVA
	Issue PO
	9
	1

	
	NDT works at Site
	Issue PO
	5
	1

	
	
	Issue Purchase Orders for Air Coolers, Metering Skid Package and K.O Drums (NOTE-3)
	4
	1

	Meets Health and Safety Requirements
	RBI Study
	Prepare and Issue MR
	14
	1

	
	F&G Mapping Study
	Prepare and Issue MR
	10
	1

	
	Noise Study
	Prepare and Issue MR
	8
	1

	
	Noise Study
	Issue PO
	2
	0

	
	F&G Mapping Study
	Issue PO
	2
	0

	Achieved Industrial Standards
	RBI Study
	Prepare and Issue MR
	14
	1

	
	Suction KO drum
	Prepare and Issue MR
	31
	1

	
	Instrument Air Receiver
	Prepare and Issue MR
	29
	1

	
	Nitrogen Receiver
	Prepare and Issue MR
	29
	1

	
	Sales Gas Filter
	Prepare and Issue MR
	29
	1




[bookmark: _Toc73431545]Summary
In this chapter, an analysis of the social network of Activities, Stakeholders and Innovation outcomes of the Procurement Phase of the EPC project was performed. It was observed that some Activity nodes tend to present a high Betweenness Centrality and that some Stakeholder nodes tend to present a high Closeness Centrality. After an initial overview of the Procurement Phase, this chapter presented the detailed analysis for the Innovation Outcomes. This analysis was divided in two sections as it was done in the previous chapter: Process Innovation Outcomes and Product Innovation Outcomes. It was observed that some stakeholders (Project Manager, Procurement Engineer and QA/QC Manager) present a high influence on Innovation Outcomes. 
The next chapter presents findings on the Construction phase of the EPC project.

[bookmark: _Toc73431546]Results - Construction
[bookmark: _Toc73431547]Introduction
This chapter discusses the results of the analysis of the social network built with the data collected on the EPC project for the Construction Phase. The analysis is focused on centrality metrics namely, degree centrality, closeness centrality and betweenness centrality. The scope of the analysis starts with an overview of the Construction Phase social network and then moves to a detailed analysis of Innovation Outcome nodes’ Ego Networks grouped into Process Innovation and Product Innovation. These Ego Networks have a depth of two, meaning that they are composed by the Innovation Outcome node itself, its neighbours, and its neighbours’ neighbours. For each Ego Network, centrality metrics are computed with the help of Gephi software to find Stakeholders and Activities that influence the corresponding Innovation Outcome.


[bookmark: _Toc73431548]Construction Phase Overview
Focusing on the third and last phase of the EPC project, Figure 9.1 presents the social network composed by the nodes and relationships of the Construction Phase. The image was produced with the Gephi software, using the Force Atlas layout algorithm with a repulsion strength of 300, among other visualisation parameters.
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[bookmark: _Toc72704182]Figure 9.1: Construction Phase Social Network

Figure 9.1 shows that there are nodes which occupy a central position in the network, while other nodes are very peripheral. It also shows that there is a high number of edges connecting the nodes. In other words, the density of the graph seems high. This will be further analysed in the next subsections. Table 9.1 presents a summary of the Construction Phase social network’s main general characteristics.

[bookmark: _Toc72704359]Table 9.1: General Characteristics of the Construction Phase Social Network.
	Characteristic
	Value

	Total of Nodes
	934

	Total of Edges
	19930



The numbers in Table 9.1 show that this is a big network involving a relevant number of nodes. When compared to the other two studied networks (Engineering and Procurement), this is the second largest in terms of number of nodes, but presents the highest number of edges. This means that the nodes of this network are very interrelated and interconnected.
Focusing on the types of nodes that exist in the social network under analysis, Figure 9.2 presents a pie chart illustrating their distribution.
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[bookmark: _Toc72704183]Figure 9.2: Distribution of Node Types in the Construction Phase Social Network

The majority of the Construction Phase social network is composed of activities, which represent 79.4% of the total number of nodes. The second largest group is the Stakeholder nodes’ group, which represent almost 20% of the whole network, and the smallest group is the Innovation Outcome nodes, which represents 1.1% of the total number of nodes.
In summary, the Construction Phase Social Network has 742 Activity nodes, 182 Stakeholder nodes and 10 Innovation Outcomes nodes.

9.2.1 Construction Phase Social Network Metrics
Table 9.2 presents relevant metrics for the Procurement Phase Social Network.

[bookmark: _Toc72704360]Table 9.2: Social Network Metrics of the Construction Phase Social Network
	Social Network Metrics
	Value

	Network Diameter
	16

	Graph Density
	0.022

	Average Path Length
	~5

	Average Clustering Coefficient
	0.077

	Average Degree
	~21



Table 9.2 shows that the network diameter for this network is 16, which is lower than the 28 reported in section 7.2.1 and higher than that presented in section 8.2.1. This indicates that the network is significantly smaller than that of the Engineering Phase but bigger than that of the Procurement Phase. Table 9.2 also shows that the graph density is much higher than the previous networks studied, presenting a value of 0,022. This is in accordance with the observation made before referring to the high number of edges in the network.  The average path length value 5. Table 9.2 indicates that the average clustering coefficient is of 0.077 and that the average degree of the network, which is 21, is higher than what was observed in the other two networks.  
9.2.2 Degree Centrality
Figure 9.3 presents the results of the analysis of the Degree, In-Degree and Out-Degree Distribution for the Construction Phase social network.
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[bookmark: _Toc72704184]Figure 9.3: Degree a), In-Degree b) and Out-Degree c) Centrality in the Construction Phase Social Network.
All the Degree distributions presented above in Figure 9.3 are skewed to the right, which means that most of the nodes in the Construction Phase Social Network present low connectivity. Due to the existence of heavy outliers in Figures 9.3 a) and 9.3 b), the plots of Figure 9.4 were built with without nodes with a Degree and Out-Degree higher than 100. 
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[bookmark: _Toc72704185]Figure 9.4: Degree a) and Out-Degree b) Centrality in the Construction Phase Social Network for nodes with less than 100 value

To extract further details of the analysis according to the different node types (Activities, Innovation Outcomes and Stakeholders), Figure 9.5 presents the results for Degree, In-Degree and Out-Degree Centrality.  
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[bookmark: _Toc72704186]Figure 9.5: Degree (I), In-Degree (II) and Out-Degree Centrality (III) in the Construction Phase Social Network according to node type

Stakeholder nodes present a zero In-Degree value, while Innovation Outcome present the same value but for Out-Degree centrality. This is in accordance with the findings of the previous chapter. Figures 9.5 I and 9.5 III show that Activity nodes tend to have a lower Degree and Out-Degree Centrality than Stakeholder nodes, while Innovation Outcomes present even lower values. This is consistent with characteristics of an EPC Project where Stakeholders serve as a connection to many activities. Table 9.3 summarises the values presented in Figure 9.5 across the different node types and the analysed Centrality metrics.  



[bookmark: _Toc72704361]Table 9.3: Degree Centrality relevant values of the Construction Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Centrality Metric
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	DEGREE
	Maximum
	722
	97
	19
	722

	
	Mean
	~42
	~28
	~7
	~98

	
	Mode
	22
	22
	0
	0

	
	Minimum
	0
	2
	0
	0

	IN-DEGREE
	Maximum
	95
	95
	19
	0

	
	Mean
	~21
	~26
	~7
	0

	
	Mode
	0
	21
	0
	0

	
	Minimum
	0
	0
	0
	0

	OUT-DEGREE
	Maximum
	722
	12
	0
	722

	
	Mean
	~21
	~2.1
	0
	~98

	
	Mode
	1
	1
	0
	0

	
	Minimum
	0
	0
	0
	0




Figure 9.6 shows the Construction Phase Social Network affected Degree, In-Degree and Out-Degree: bigger nodes indicate a higher centrality result.
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[bookmark: _Toc72704187]Figure 9.6: Degree a), In-Degree b) and Out-Degree Centrality c) in the Construction Phase Social Network

Figure 9.6 shows that there are some Stakeholder nodes that gain a significant relevance in Degree (a) and Out-Degree (c) distributions. This is consistent with what was observed in the previous chapters.
To summarise the conclusions related to the analysis of the Construction Phase social network, Figure 9.7 presents the Degree, In-Degree and Out-Degree metrics in the same plot.
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[bookmark: _Toc72704188]Figure 9.7: Construction Phase Social Network summary of Degree Centrality values

Figure 9.7 shows that Stakeholder nodes have an Out-Degree value which is higher than zero and do not present In-Degree values. Some of these nodes present a high value of Out-Degree. The opposite conclusion can be drawn for the Activity nodes. Innovation Outcome nodes tend to be present in the inferior left corner, meaning they tend to have few connections and that all of them are incoming. Table 9.4 shows the 10 nodes with higher Degree, In-Degree and Out-Degree centrality in the Construction Phase. 
[bookmark: _Toc72704362]Table 9.4: Ten Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Construction Phase Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	SH56 – Construction Manager
	Stakeholder

	
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	SH77 – Sr. Engineer, HSE
	Stakeholder

	
	SH78 – Safety Officer, HSE
	Stakeholder

	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	SH79 – QA/QC Inspector-Civil
	Stakeholder

	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	SH28 – Sr. QA/QC Engineer
	Stakeholder

	In-Degree
	A31970 – As-built Documentation
	Activity

	
	CC3070 – Mechanical Completion
	Activity

	
	CC2990 – Mechanical Completion
	Activity

	
	CC3260 – Mechanical Completion
	Activity

	
	CC2080 – Mechanical Completion - Substation
	Activity

	
	CC1800 – Mechanical Completion - Control Room
	Activity

	
	CC2950 – SDV / Control Valve Testing
	Activity

	
	CC1850 – Mechanical Completion - Compressor Station Guard House
	Activity

	
	CC2270 – Commissioning - Substation
	Activity

	
	CC2550 – Mechanical Completion - Custody Transfer Area
	Activity

	Out-Degree
	SH56 – Construction Manager
	Stakeholder

	
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	SH77 – Sr. Engineer, HSE
	Stakeholder

	
	SH78 – Safety Officer, HSE
	Stakeholder

	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	SH79 – QA/QC Inspector-Civil
	Stakeholder

	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	
	SH28 – Sr. QA/QC Engineer
	Stakeholder



Table 9.5 shows the 10 nodes with lower Degree, In-Degree and Out-Degree centrality in the Construction Phase.

[bookmark: _Toc72704363]Table 9.5: Ten Nodes with Lower Degree, In-Degree and Out-Degree Centrality in the Construction Phase Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	SH20 – Acting Team Leader, Reliability
	Stakeholder

	
	SH21 – Senior Engineer, Reliability
	Stakeholder

	
	SH22 – Senior Engineer, Reliability
	Stakeholder

	
	SH23 – Team Leader, Integrity
	Stakeholder

	
	SH24 – Senior Engineer, Integrity
	Stakeholder

	
	SH25 – Senior Engineer, Integrity
	Stakeholder

	
	SH26 – Acting Team Leader, Integrity
	Stakeholder

	
	SH27 – Engineer, Integrity
	Stakeholder

	
	SH32 – Senior Engineer, Procurement
	Stakeholder

	
	SH63 – Sr. Process Engineer
	Stakeholder

	In-Degree
	A31311 – Approval and Obtaining the NOC from Municipality & Authorities (Coordination between Siemens  & Municipality)
	Activity

	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	SH2 – Sr. Project Engineer
	Stakeholder

	
	SH3 – Interface Co-ordinator
	Stakeholder

	
	SH4 – Sr. Planning Engineer
	Stakeholder

	
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	SH6 – Team Leader/Engineering Manager
	Stakeholder

	
	SH7 – Project Co-ordinator
	Stakeholder

	
	SH8 – Interface Co-ordinator
	Stakeholder

	
	SH9 – Sr. Instrument and Control Engineer
	Stakeholder

	Out-Degree
	M1110 – Commissioning Completion all area
	Activity

	
	H – Stakeholders’ engagement
	Innovation Outcome

	
	I – Reduced operational cost
	Innovation Outcome

	
	A – Reduced Production Cost
	Innovation Outcome

	
	B – Reduced project implementation time
	Innovation Outcome

	
	A31970 – As-built Documentation
	Activity

	
	G – Improved procurement activities
	Innovation Outcome

	
	D – Meets health and safety requirements
	Innovation Outcome

	
	SH20 – Acting Team Leader, Reliability
	Stakeholder

	
	SH21 – Senior Engineer, Reliability
	Stakeholder



9.2.3 Betweenness Centrality
Figure 9.8 shows the results of the Betweenness Centrality distribution for the Construction Phase social network.
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[bookmark: _Toc72704189]Figure 9.8: Betweenness Centrality in the Construction Phase Social Network
Figure 9.8 shows that the distribution is skewed to the right, which means that most of the nodes have a low level of Betweenness Centrality. This indicates that a small number of nodes of this network might have a high influence in the graph. Some of these nodes are heavy outliers, meaning that they do have a high Betweenness Centrality in the network as is indicated on the inferior right side of the plot of Figure 9.8. Proceeding along the same lines as the previous sections, Figure 9.9 presents the Betweenness Centrality results according to the types of nodes.
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[bookmark: _Toc72704190]Figure 9.9: Betweenness Centrality in the Procurement Phase Social Network according to node type

As was noted before, both Innovation Outcome nodes and Stakeholder nodes have a zero Betweenness Centrality, which means that the most influential nodes on the Construction Phase social network are the activity nodes. Table 9.6 presents relevant values of this distribution.

[bookmark: _Toc72704364]Table 9.6: Betweenness Centrality relevant values of the Construction Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	10112
	10112
	0
	0

	Mean
	~385
	~485
	0
	0

	Mode
	0
	0
	0
	0

	Minimum
	0
	0
	0
	0



Figure 9.10 shows the Construction Phase Social Network affected by the Betweenness Centrality results: larger nodes indicate a higher Betweenness Centrality
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[bookmark: _Toc72704191]Figure 9.10: Construction Phase Social Network affected by Betweenness Centrality

Figure 9.10 illustrates that Activity nodes gain relevance in the network, which is in line with what was analysed before.
Table 9.7 shows the 10 Activity nodes with high Betweenness Centrality in the Construction Phase.  The other types of nodes have a zero betweenness value. 

[bookmark: _Toc72704365]Table 9.7: Ten Nodes with Higher Betweenness Centrality in the Construction Phase Social Network
	Betweenness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	CC3070
	Activity
	Mechanical Completion Train 2
	Mechanical Completion

	D.01
	Activity
	
	Complete foundation works for Compressors and Compressor Shelters for all facilities including Lube Oil Skids, etc.

	A31310
	Activity
	Temporary Facilities
	Site Survey

	CC2990
	Activity
	Mechanical Completion Train 1
	Mechanical Completion

	CC1010
	Activity
	Piling
	Piling Works

	CC3150
	Activity
	Compressor Train 2
	Sequence Test

	CC3090
	Activity
	Compressor Train 1
	Sequence Test

	CC3300
	Activity
	Compressor Train 3
	Sequence Test

	CC1310H
	Activity
	Compressor Foundation
	Compressor Foundation - Back Filling

	CC3260
	Activity
	Mechanical Completion Train 3
	Mechanical Completion




9.2.4 Closeness Centrality
Figure 9.11 shows the results of the Closeness Centrality distribution for the Construction Phase social network.
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[bookmark: _Toc72704192]Figure 9.11: Closeness Centrality in the Construction Phase Social Network

As before, most of the nodes have a low closeness, meaning that they are not central to the network, while a few of them tend to have a high closeness value. The analysis of Closeness Centrality according to types of nodes is presented in Figure 9.12.
b)
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[bookmark: _Toc72704193]Figure 9.12: Closeness Centrality in the Construction Phase Social Network according to node type

Figure 9.12 shows that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. This means that Innovation Outcomes tend not to be central in the network because they are the outputs of the Innovation flow. Table 9.8 summarises the relevant values presented across the different node types.

[bookmark: _Toc72704366]Table 9.8: Closeness Centrality relevant values of the Construction Phase Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	1
	1
	0
	~0.97

	Mean
	~0.26
	~0.25
	0
	~0.34

	Mode
	0
	1
	0
	0

	Minimum
	0
	0
	0
	0




Figure 9.13 presents the Construction Phase Social Network affected by Closeness Centrality: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704194]Figure 9.13: Construction Phase Social Network affected by Closeness Centrality

Figure 9.13 shows that there are Activity nodes with high closeness, which is because activities are close to each other in terms of a WBS logic and they are also close to Stakeholders. Table 9.9 shows the 10 nodes with high Closeness Centrality in the Construction Phase.

[bookmark: _Toc72704367]Table 9.9: Ten Nodes with Higher Closeness Centrality in the Construction Phase Social Network
	Closeness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	G1070
	Activity
	
	Mechanical Completion - Substation

	G1080
	Activity
	
	Commissioning Completion -Substation

	G1090
	Activity
	
	Mechanical Completion - Compressor Train 1

	G1100
	Activity
	
	Mechanical Completion - Compressor Train 2

	G1110
	Activity
	
	Gas In (Compressor Train 1)

	G1120
	Activity
	
	Mechanical Completion - Compressor Train 3

	G1130
	Activity
	
	Gas In (Compressor Train 2)

	E.02
	Activity
	
	Complete Commissioning of Tr-3 Facilities and achieve "Gas-in" to Pipeline Network to meet Consumer demand (NOTE-4)

	D.11
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 1) for Train 1 & 2 (NOTE-4)

	D.12
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 2) for Train 3 (NOTE-4)



9.2.5 Comparison of Centrality Metrics
Figure 9.14 presents an ensemble of the Construction Phase social network metrics that were analysed separately earlier: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704195]Figure 9.14: Construction Phase Social Network summary of Centrality metrics

From Figure 9.14, it is observed that there are many nodes with a Closeness Centrality value around 0.25. Besides this, one notes that Stakeholder nodes only present a positive Closeness Centrality and that in some cases their value is close to 1. In terms of Degree value, Figure 9.14 shows that some nodes present high values (especially some Stakeholder nodes and some Activity nodes) but that most of the nodes tend to present a low value of connectivity. In terms of Betweenness Centrality, the plot of Figure 9.14 shows that only Activity nodes present values greater than zero and that in some cases, the Betweenness of those nodes is high. In that regard, as was the case in previous phases, one can conclude that Activity nodes tend to be the most influential in the Construction Phase of the EPC Project.

[bookmark: _Toc73431549]Study of Process Innovation Outcomes
9.3.1 Process Innovation Outcomes’ Ego Networks
Table 9.10 presents the general characteristics of the Innovation Outcomes’ Ego Networks analysed in this subsection.
[bookmark: _Toc72704368]Table 9.10: Process Innovation Outcomes’ Information for the Construction Phase of the EPC Project
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3501
	B
	Reduced Project Implementation Time
	121
	1399

	3506
	G
	Improved Procurement Activities
	44
	286

	3508
	I
	Reduced Operational Cost
	1
	0



Table 9.10 shows that the Innovation Outcomes’ Ego Networks are of medium size when compared to the other networks studied for the Engineering and Procurement Phase. Further it shows that the “Reduced Operational Cost” does not present any connections to the other entities (Stakeholders and Activities) in the Construction Phase. Due to this, the next subsections will not show the results for Innovation Outcome “Reduced Operational Cost” since they will always be zero. To further assess the characteristics of these Ego Networks, the plot in Figure 9.15 presents their distribution according to node types.
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[bookmark: _Toc72704196]Figure 9.15: Distribution of Node Types for Process Innovation Outcomes’ Ego Networks

Figure 9.16 presents the Process Innovation Outcomes’ Ego Networks, created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704197]Figure 9.16: Ego Networks of Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)
9.3.2 Degree Centrality
Figure 9.17 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the first two Process Innovation Ego Networks.
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[bookmark: _Toc72704198]Figure 9.17: Degree (I), In-Degree (II) and Out-Degree Centrality (III) of Innovation Outcome “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)
Figure 9.17 shows that practically all the Degree Centrality values, across all node types, tend to have a right skewed distribution. This is in line with what was previously observed and means that most of the nodes of these Ego Networks present few connections. An analysis of Degree Centrality according to the different node types is presented in Figure 9.18.  
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[bookmark: _Toc72704199]Figure 9.18: Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I) and “Improved Procurement Activities” (II) according to node type

Figure 9.18 I a) shows that the Degree Centrality distribution is left skewed, which means that Activity nodes tend to have high connectivity in the “Reduced Project Implementation Time” social network. Besides this, Figure 9.18 c) presents a centred distribution, which means that most of the Stakeholder nodes have an average connectivity of 20 links. Focusing on Figure 9.18 II, it is observed that the nodes tend to present a wide range of Degree centrality, which means that in this network there are nodes with few connections, but others tend to present a high number of links. Table 9.11 summarises the values presented in Figure 9.18 across the different node types.

[bookmark: _Toc72704369]Table 9.11: Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	52
	40
	19
	52

	
	Mean
	~24
	~28
	~11
	~20

	
	Mode
	16
	29
	8
	16

	
	Minimum
	1
	4
	5
	1

	Improved Procurement Activities
	Maximum
	29
	29
	7
	24

	
	Mean
	13
	~15
	~6
	~13

	
	Mode
	7
	7
	5
	5

	
	Minimum
	4
	7
	5
	5



Figure 9.19 presents the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704200]Figure 9.19: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” a) and “Improved Procurement Activities” b)
The Ego Networks a) and b) present Activity and Stakeholder nodes with higher relevance, which is in accordance with the analysis presented earlier.
Figure 9.20 presents the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders), for each Ego Network.
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[bookmark: _Toc72704201]Figure 9.20: In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I) and “Improved Procurement Activities” (II) according to node type

As expected, the behaviour observed in the plots of Figure 9.20 are in line with what was previously concluded, that Stakeholder nodes do not present incoming connections. The values of In-Degree Centrality for Innovation Outcome nodes are the same for their Degree Centrality (observed in Figures 9.18 I b) and 9.18 II b)) since this type of nodes do not present outgoing links. Table 9.12 summarises the values presented in Figure 9.20 across the different node types.
[bookmark: _Toc72704370]Table 9.12: In-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	39
	39
	19
	0

	
	Mean
	~12
	~26
	~11
	0

	
	Mode
	0
	27
	8
	0

	
	Minimum
	0
	4
	5
	0

	Improved Procurement Activities
	Maximum
	21
	21
	7
	0

	
	Mean
	~6.5
	~12
	~6
	0

	
	Mode
	0
	5
	5
	0

	
	Minimum
	0
	4
	5
	0



Figure 9.21 presents the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704202]Figure 9.21: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)


Figure 9.22 shows the results for Out-Degree Centrality according to the node type
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[bookmark: _Toc72704203]Figure 9.22: Out-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I) and “Improved Procurement Activities” (II) according to node type

Figure 9.22 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero, which is in accordance with what was previously noticed in the In-Degree analysis of this subsection. An analysis of Figure 9.22 I and 9.22 II reveals that the outliers of Stakeholder nodes present a higher Out-Degree than Activity nodes. This means those Stakeholder nodes have higher connectivity. Table 9.13 summarises the values presented in Figure 9.22 across the different node types.

[bookmark: _Toc72704371]Table 9.13: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	52
	12
	0
	52

	
	Mean
	~12
	~3
	0
	~20

	
	Mode
	2
	2
	0
	16

	
	Minimum
	0
	0
	0
	1

	Improved Procurement Activities
	Maximum
	24
	12
	0
	24

	
	Mean
	~6.5
	~3
	0
	~13

	
	Mode
	0
	0
	0
	5

	
	Minimum
	0
	0
	0
	5



Figure 9.23 presents the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704204]Figure 9.23: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)
To summarize the conclusions related to the analysis of the Process Innovation Outcomes, Figure 9.24 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704205]Figure 9.24: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b))

The plots in Figure 9.24 show that Innovation Outcomes only present incoming links, while Stakeholder nodes only have outgoing connections, across all the studied Ego Networks. The first type of nodes presents a maximum In-Degree value of around 20, while the second type presents values higher than 50 for Out-Degree centrality. Observing the plots, reveals that some Activity nodes show high values for both In- and Out-Degree Centrality and that for Figure 9.24 a), the majority of this type of nodes present values around 30 for In-Degree Centrality and around 5 for Out-Degree Centrality. This indicates that there is a high number of incoming connections on these nodes. Table 9.14 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). 

[bookmark: _Toc72704372]Table 9.14: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Networks
	
	Centrality Metric
	Node Description
	Type

	Reduced Project Implementation Time
	Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	CC3070 – Mechanical Completion
	Activity

	
	
	CC2990 – Mechanical Completion
	Activity

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	In-Degree
	CC2990 – Mechanical Completion
	Activity

	
	
	CC3070 – Mechanical Completion
	Activity

	
	
	CC3260 – Mechanical Completion
	Activity

	
	
	D.11 – Achieve Mechanical Completion (MC 1) for Train 1 & 2 (Note-4)
	Activity

	
	
	CC2320 – All Equipment Installation
	Activity

	
	Out-Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH131 – Construction Engineer-Piping &Pipeline
	Stakeholder

	
	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	Improved Procurement Activities
	Degree
	PM0011 – Schedule Risk Analysis Workshop 5
	Activity

	
	
	PM0008 – Schedule Risk Analysis Workshop 2
	Activity

	
	
	PM0009 – Schedule Risk Analysis Workshop 3
	Activity

	
	
	PM0010 – Schedule Risk Analysis Workshop 4
	Activity

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	In-Degree
	CC307 – Mechanical Completion
	Activity

	
	
	CC2990 – Mechanical Completion
	Activity

	
	
	CC3260 – Mechanical Completion
	Activity

	
	
	PM0011 – Schedule Risk Analysis Workshop 5
	Activity

	
	
	CC1800 – Mechanical Completion - Control Room
	Activity

	
	Out-Degree
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH128 – Construction Engineer-Mechanical
	Stakeholder




9.3.3 Betweenness Centrality
Figure 9.25 presents the results for the Betweenness Centrality analysis of the Process Innovation Ego Networks. 
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[bookmark: _Toc72704206]Figure 9.25: Betweenness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)
Figures 9.25 a) and 9.25 b) present similar distributions with mode zero, which means that most of the nodes of these Social Networks do not have any influence in them, especially the ability to build bridges between pairs of somehow distant nodes. These results are in accordance with what was previously observed in the last two chapters. Figure 9.26 presents the results of an analysis of Betweenness Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704207]Figure 9.26: Betweenness Centrality for “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) according to node type

Figures 9.26 I b), 9.26 I c), 9.26 II b) and 9.26 II c) present what was previously seen in other chapters, that Innovation Outcome and Stakeholder nodes do not have the ability to build bridges in the Ego Network social networks. Given this, it is possible to conclude that the distributions presented in Figure 9.25 are almost equal to those of Figures 9.26 I a) and 9.26 II a). Table 9.15 summarises the values presented in Figure 9.26 across the different node types.

[bookmark: _Toc72704373]Table 9.15: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	~130
	~130
	0
	0

	
	Mean
	~10
	~23
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Improved Procurement Activities
	Maximum
	~131
	~131
	0
	0

	
	Mean
	~6
	~11
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 9.27 presents the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
[image: ][image: ]a)
b)

[bookmark: _Toc72704208]Figure 9.27: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)

Observing Figure 9.27, it is possible to note that with this centrality metric Activity nodes gain relevance in the network. Table 9.16 shows the five nodes with higher Betweenness centrality for the first two Process Innovation Outcomes (“Reduced Project Implementation Time” and “Improved Procurement Activities” and “Reduced Operational Cost”).

[bookmark: _Toc72704374]Table 9.16: Five Nodes with Higher Betweenness Centrality for each Process Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	PM0011
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 5

	
	A4180
	Activity
	
	Hot Tap work (Preparation and Execution)

	
	A4174
	Activity
	
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT.RE etc.)

	
	A4173
	Activity
	
	Pipeline laying and testing - 30 " - lowering, Alignment & Fit up

	
	CC1590F
	Activity
	Mechanical (Equipment)
	Fire water Tanks - Fit Up & alignment (Prefabricated segment) - Level 4

	Improved Procurement Activities
	PM0011
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 5

	
	PM0008
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 2

	
	PM0009
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 3

	
	PM0010
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 4

	
	PM0007b
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 1


9.3.4 Closeness Centrality
Following the procedure of the previous section, Figure 9.28 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.

[image: ][image: ]a)
b)

[bookmark: _Toc72704209]Figure 9.28: Closeness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)

As observed in the previous section, the results of the Closeness Centrality analysis of Ego Network “Reduced Project Implementation Time” are left skewed, which means that most nodes tend to present high values.  In fact, Figure 9.28 a) and b) illustrate that apart from some nodes presenting 0 value of this metric, the others tend to show values around 0.50 or higher. This means that in these two Social Networks, besides the nodes having more connections, they can also provide connections to nodes that belong to other clusters because the nodes are closer to each other. The analysis of Closeness Centrality according to the types of nodes is presented in Figure 9.29.
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[bookmark: _Toc72704210]Figure 9.29: Closeness Centrality for Innovation Outcome “Reduced Project Implementation Time” (I) and “Improved Procurement Activities” (II) according to node type

Figures 9.29 I b) and 9.29 II b) show that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. It can also be observed that some Activity nodes are peripheral in the network and that some tend to play a central role in it. Besides, Stakeholder nodes seem to present a high closeness centrality. These results are in line with what was observed previously. Table 9.17 summarises the values presented in Figure 9.29 across the different node types.




[bookmark: _Toc72704375]Table 9.17: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	1
	1
	0
	~0.93

	
	Mean
	~0.6
	~0.51
	0
	~0.74

	
	Mode
	0
	0
	0
	~0.74

	
	Minimum
	0
	0
	0
	~0.42

	Improved Procurement Activities
	Maximum
	1
	1
	0
	0.9

	
	Mean
	~0.57
	~0.55
	0
	~0.68

	
	Mode
	0
	0
	0
	~0.55

	
	Minimum
	0
	0
	0
	~0.55



Figure 9.30 presents the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704211]Figure 9.30: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b)

Table 9.18 shows the five nodes with higher Closeness centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”).

[bookmark: _Toc72704376]Table 9.18: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	D.03
	Activity
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas

	
	D.05
	Activity
	
	Complete installation of Air Coolers, Inlet Gas Filters, Suction/Interstage K.O. Drums & Pumps along with all auxiliary fa

	
	D.11
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 1) for Train 1 & 2 (NOTE-4)

	
	E.01
	Activity
	
	Complete Commissioning of Tr-1 & 2 Facilities and achieve "Gas-in" to Pipeline Network to meet Consumer demand (NOTE-4)

	
	PM0008
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 2

	Improved Procurement Activities
	D.03
	Activity
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas

	
	D.05
	Activity
	
	Complete installation of Air Coolers, Inlet Gas Filters, Suction/Interstage K.O. Drums & Pumps along with all auxiliary fa

	
	D.11
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 1) for Train 1 & 2 (NOTE-4)

	
	E.01
	Activity
	
	Complete Commissioning of Tr-1 & 2 Facilities and achieve "Gas-in" to Pipeline Network to meet Consumer demand (NOTE-4)

	
	A32110
	Activity
	Precommissioning
	Integrated Testing and commissioning of system


9.3.5 Comparison of Centrality Metrics
Figure 9.31 presents an ensemble of the social network metrics that were analysed separately earlier: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704212]Figure 9.31: Ego Networks of Centrality metrics: Innovation Outcome “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b)

Figure 9.31 a) shows that Activity nodes tend to have a wide range of Betweenness, Closeness and Degree centrality. This shows that for the “Reduced Project Implementation Time” Ego Network, Activity nodes have a wide range of the centrality metrics. This shows that Activity nodes tend to have influence in the network, since some of the values in that wide range are high. The results presented in Figure 9.31 b) are similar to those presented in the same sections of previous chapters. Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome are presented in Table 9.19.

[bookmark: _Toc72704377]Table 9.19: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time” and “Improved Procurement Activities’ Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Node
	Degree
	Closeness

	Reduced Project Implementation Time
	SH171 – Foreman-Instrument
	23
	0.925926

	
	SH172 – I&C Technician
	23
	0.925926

	
	SH175 – Helper
	23
	0.925926

	
	SH5 – Sr. Construction Engineer
	52
	0.906250

	
	SH56 – Construction Manager
	51
	0.892308

	Improved Procurement Activities
	SH1 – Senior Project Manager/Project Manager
	24
	0.900000

	
	SH55 – Project Manager
	24
	0.900000

	
	SH5 – Sr. Construction Engineer
	23
	0.870968

	
	SH56 – Construction Manager
	23
	0.870968

	
	SH128 – Construction Engineer-Mechanical
	13
	0.658537



In terms of Activities influence on Innovation Outcomes “Reduced Project Implementation Time” and “Improved Procurement Activities”, Table 9.20 presents those which have high Betweenness, high Closeness and high Degree.






[bookmark: _Toc72704378]Table 9.20: Five Activity nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time” and “Improved Procurement Activities’ Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Project Implementation Time
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 5
	29
	0.761905

	
	
	Hot Tap work (Preparation and Execution)
	35
	0.692308

	
	
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT.RE etc.)
	34
	0.565217

	
	
	Pipeline laying and testing - 30 " - lowering, Alignment & Fit up
	31
	0.437500

	
	Mechanical (Equipment) 
	Fire water Tanks - Fit Up & alignment (Prefabricated segment) - Level 4
	32
	0.473684

	Improved Procurement Activities
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 5
	29
	0.761905

	
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 2
	25
	0.928571

	
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 3
	25
	0.928571

	
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 4
	25
	0.928571

	
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 1
	19
	0.875000


[bookmark: _Toc73431550]Study of Product Innovation Outcomes
9.4.1 Product Innovation Outcomes’ Ego Networks.
Table 9.21 presents the general characteristics of the Innovation Outcomes’ Ego Networks.
[bookmark: _Toc72704379]Table 9.21: Product Innovation Outcomes’ Information
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3500
	A
	Reduced Production Cost
	76
	710

	3503
	D
	Meets Health and Safety Requirements
	26
	35

	3509
	I
	Achieved Industrial Standards
	136
	1740



Numbers in Table 9.21, indicate that the third Ego Network is the biggest of the three presented. Also, the sizes of the Ego Networks are like those observed in previous chapters.
To further assess the characteristics of these Ego Networks, the plot in Figure 9.32 presents their distribution according to node types.
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[bookmark: _Toc72704213]Figure 9.32: Distribution of Node Types for Product Innovation Outcomes’ Ego Networks
Figure 9.32 shows that Stakeholder nodes tend to constitute the most nodes of the Ego Networks, except for 3509 Ego Network. This means that in terms of Innovation Outcome, Stakeholders play an important role in the Construction Phase. Figure 9.33 presents the Product Innovation Outcomes’ Ego Networks, created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704214]Figure 9.33: Ego Networks of Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

9.4.2 Degree Centrality
Figure 9.34 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Product Innovation Ego Networks. 
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[bookmark: _Toc72704215]Figure 9.34: Degree, In-Degree and Out-Degree Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 9.34 shows that most of the distributions are right skewed, meaning that most of the nodes of the Ego Networks have low connectivity. However, focusing on Figure 9.34 I c), an almost centred distribution is observed. This means a significant number of nodes of “Achieved Industrial Standards”’ Ego Network tend to have some connectivity to their peers. This is consistent with the characteristics of a Construction Phase of an EPC in modern days since it is important to meet Industrial Standards as part of quality assurance of the processes. Figure 9.35 presents the results for Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704216]Figure 9.35: Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

The plots of Figure 9.35 I a) and III a) show that the Activity nodes of these networks present a high connectivity, meaning that the tasks they represent tend to be very interconnected and interdependent. This means that for these Ego Networks, information moves easier among these Activities which might influence the possibility of innovating.  
Figure 9.35 II shows that most nodes tend to have few connections in this Ego Network. This is consistent with the numbers presented in Table 9.21. Table 9.22 summarises the values presented in Figure 9.35 across the different node types.

[bookmark: _Toc72704380]Table 9.22: Degree Centrality relevant values of the Product Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	35
	35
	13
	26

	
	Mean
	~19
	~29
	~9
	~14

	
	Mode
	7
	33
	13
	7

	
	Minimum
	1
	10
	1
	2

	Meets Health and Safety Requirements
	Maximum
	25
	25
	1
	4

	
	Mean
	~3
	~10
	1
	~2

	
	Mode
	1
	5
	1
	1

	
	Minimum
	1
	4
	1
	1

	Achieved Industrial Standards
	Maximum
	66
	46
	19
	66

	
	Mean
	~26
	~28
	10
	~25

	
	Mode
	30
	30
	10
	35

	
	Minimum
	1
	14
	1
	2



Figure 9.36 presents the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704217]Figure 9.36: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)
Figure 9.37 shows the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704218]Figure 9.37: In-Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Once again, Stakeholder nodes do not present any incoming connection as observed in Figures 9.37 I c), 9.37 II c) and 9.37 III c). Focusing on Figure 9.37 III a), it is observed that Activity nodes of the “Achieved Industrial Standards” Ego Network have several incoming connections that are close to 30 per node. This shows that the interconnectivity of this Ego Network is high. Table 9.23 summarises the values presented in Figure 9.37 across the different node types.

[bookmark: _Toc72704381]Table 9.23: In-Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	32
	32
	13
	0

	
	Mean
	~10
	~26
	~9
	0

	
	Mode
	0
	30
	13
	0

	
	Minimum
	0
	10
	1
	0

	Meets Health and Safety Requirements
	Maximum
	20
	20
	1
	0

	
	Mean
	~2
	~9
	1
	0

	
	Mode
	0
	5
	1
	0

	
	Minimum
	0
	4
	1
	0

	Achieved Industrial Standards
	Maximum
	42
	42
	19
	0

	
	Mean
	~13
	~26
	10
	0

	
	Mode
	0
	13
	10
	0

	
	Minimum
	0
	29
	1
	0



Figure 9.38 presents the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704219]Figure 9.38: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

As expected, in this distribution (Figure 9.38) Stakeholder and some Innovation Outcome nodes tend to gain relevance in the networks.  Figure 9.39 shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704220]Figure 9.39: Out-Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figure 9.39 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero. This is consistent with what was previously observed. Table 9.24 summarises the values presented in Figure 9.39 across the different node types.

[bookmark: _Toc72704382]Table 9.24: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	26
	7
	0
	26

	
	Mean
	~10
	~3
	0
	~14

	
	Mode
	7
	4
	0
	7

	
	Minimum
	0
	0
	0
	2

	Meets Health and Safety Requirements
	Maximum
	5
	5
	0
	4

	
	Mean
	~2
	1.25
	0
	1.55

	
	Mode
	1
	0
	0
	1

	
	Minimum
	0
	0
	0
	1

	Achieved Industrial Standards
	Maximum
	66
	7
	0
	66

	
	Mean
	~13
	~2
	0
	~25

	
	Mode
	0
	1
	0
	35

	
	Minimum
	0
	0
	0
	2




Figure 9.40 presents the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704221]Figure 9.40: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

To summarise the conclusions related to the analysis of the Process Innovation Outcomes, Figure 9.41 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704222]Figure 9.41: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c))

Drawing from Figure 9.41 a) and c), it can be concluded that Activity nodes tend to have high In-Degree values and a significant value of Out-Degree centrality. This is in accordance with what was previously observed in this subsection. Figure 9.41 b) shows that the Ego Network studied is relatively small, but that it presents at least one Activity node with a high In-Degree, Out-Degree and Degree Centrality value. Table 9.25 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”). 

[bookmark: _Toc72704383]Table 9.25: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Network
	
	Centrality Metric
	Node Description
	Type

	Reduced Production Cost
	Degree
	A4180 – Hot Tap work (Preparation and Execution)
	Activity

	
	
	CC1592 – Fire water Tank - Final Testing (NDT, RT etc.)
	Activity

	
	
	A4174 – Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)
	Activity

	
	
	CC1588A – Fire water Tanks - Welding, Testing (NDT, RT etc.) - Baseplate
	Activity

	
	
	CC1590C – Fire water Tanks - Welding, Testing (NDT, RT etc.) - Level 2
	Activity

	
	In-Degree
	CC2320 – All Equipment Installation
	Activity

	
	
	CC1592 – Fire water Tank - Final Testing (NDT, RT etc.)
	Activity

	
	
	CC1588A – Fire water Tanks - Welding, Testing (NDT, RT etc.) - Baseplate
	Activity

	
	
	CC1590A – Fire water Tanks - Welding, Testing (NDT, RT etc.) - Level 1
	Activity

	
	
	CC1590C – Fire water Tanks - Welding, Testing (NDT, RT etc.) - Level 2
	Activity

	
	Out-Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	Meets Health and Safety Requirements
	Degree
	PM0012 – HSE Management Walk down (Week 25-Week67)
	Activity

	
	
	D.02 – Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas
	Activity

	
	
	D.03 – Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas
	Activity

	
	
	D.01 – Complete foundation works for Compressors and Compressor Shelters for all facilities including Lube Oil Skids, etc.
	Activity

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	In-Degree
	PM0012 – HSE Management Walk down (Week 25-Week67)
	Activity

	
	
	D.02 – Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas
	Activity

	
	
	D.03 – Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas
	Activity

	
	
	D.01 – Complete foundation works for Compressors and Compressor Shelters for all facilities including Lube Oil Skids, etc.
	Activity

	
	
	H – Stakeholders’ engagement
	Innovation Outcome

	
	Out-Degree
	PM0012 – HSE Management Walk down (Week 25-Week67)
	Activity

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH5 – Sr. Construction Engineer
	Stakeholder

	Achieved Industrial Standards
	Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	In-Degree
	CC2130 – All Equipment Installation
	Activity

	
	
	CC2120 – HIPS Installation
	Activity

	
	
	CC2320 – All Equipment Installation
	Activity

	
	
	CC2990 – Mechanical Completion
	Activity

	
	
	CC1592 – Fire water Tank - Final Testing (NDT, RT etc.)
	Activity

	
	Out-Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH29 – Sr. Engineer, HSE
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder


9.4.3 Betweenness Centrality
Figure 9.42 presents the results for the Betweenness Centrality analysis of the Product Innovation Ego Networks.
a)
b)
c)
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[bookmark: _Toc72704223]Figure 9.42: Betweenness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

The plots of Figure 9.42 show that the results are consistent with what is expected: a few nodes present a high value of Betweenness Centrality, while most of them have a zero value. 
Figure 9.43 presents the results for Betweenness Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
a)
b)
c)
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[bookmark: _Toc72704224]Figure 9.43: Betweenness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

For all the plots of Figure 9.43, Innovation Outcome and Stakeholder nodes do not have a Betweenness Centrality value different from zero, which is consistent with what was observed before. Activity nodes tend to present low Betweenness value in general, but also show some heavy outliers, which are nodes that have high influence in the network.
Table 9.26 summarises the values presented in Figure 9.43 across the different node types.




[bookmark: _Toc72704384]Table 9.26: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	~83
	~83
	0
	0

	
	Mean
	~9
	~26
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Meets Health and Safety Requirements
	Maximum
	89
	89
	0
	0

	
	Mean
	~4
	~23
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Achieved Industrial Standards
	Maximum
	~123
	~123
	0
	0

	
	Mean
	~10
	~20
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0




Figure 9.44 presents the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704225]Figure 9.44: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

The images of Figure 9.44 show that Activity nodes gain relevance with this Centrality metric, as was expected. Table 9.27 shows the five nodes with higher Betweenness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”).


[bookmark: _Toc72704385]Table 9.27: Five Nodes with Higher Betweenness Centrality for each Product Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	A4180
	Activity
	PIPING
	Hot Tap work (Preparation and Execution)

	
	A4174
	Activity
	PIPING
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)

	
	CC1590F
	Activity
	Mechanical (Equipment)
	Fire water Tanks  - Fit Up & alignment (Pre-Fabricated segment) - Level 4

	
	A4173
	Activity
	PIPING
	Pipeline laying and testing - 30 " - lowering, Alignment & Fit up

	
	CC1590D
	Activity
	Mechanical (Equipment)
	Fire water Tanks  - Fit Up & alignment (Pre-Fabricated segment) - Level 3

	Meets Health and Safety Requirements
	PM0012
	Activity
	HSE Walk down
	HSE Management Walk down (Week 25-Week67)

	
	D.01
	Activity
	
	Complete foundation works for Compressors and Compressor Shelters for all facilities including Lube Oil Skids, etc.

	
	D.02
	Activity
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas

	
	D.03
	Activity
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas

	
	H
	Innovation Outcome
	Engagement
	Stakeholders’ engagement

	Achieved Industrial Standards
	A31720
	Activity
	
	Piping Pre-fabrication ( CS 20" and above)

	
	A4169
	Activity
	PIPING
	Pipeline laying and testing - 36 " - lowering, Alignment & Fit up

	
	CC2130
	Activity
	Mechanical (Equipment)
	All Equipment Installation

	
	CC2120
	Activity
	Mechanical (Equipment)
	HIPS Installation

	
	A4180
	Activity
	PIPING
	Hot Tap work (Preparation and Execution)




9.4.4 Closeness Centrality
Figure 9.45 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
c)
b)
a)
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[bookmark: _Toc72704226]Figure 9.45: Closeness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Improved Procurement Activities” (b) and “Achieved Industrial Standards” (c)

Figures 9.45 a) and 9.45 c) present a similar pattern: there is a significant number of nodes with zero Closeness, but the rest of them tend to present a closeness centrality higher than 0.25. These results are consistent with what was previously observed and imply that although there are nodes which do not present a central role in the network, others may have access to a lot of different nodes. Figure 9.46 presents the results for Closeness Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704227]Figure 9.46: Closeness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type
Figures 9.46 I b), 9.46 II b) and 9.46 III b) show that Innovation Outcome have zero closeness centrality, like was observed before for the other phases of the EPC Project. 
Figures 9.46 I c), 9.46 II c) and 9.46 III c) show that Stakeholders tend to play a central role in the Ego Networks here studied, which is in accordance with their role as managers and supervisors of activities. This also means that they have high visibility of what is going on the Construction Phase of the EPC Project, a situation that enables them to detect opportunities to innovate. Table 9.28 summarises the values presented in Figure 9.46 across the different node types.

[bookmark: _Toc72704386]Table 9.28: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	1
	1
	0
	~0.88

	
	Mean
	~0.62
	~0.5
	0
	~0.74

	
	Mode
	~0.67
	1
	0
	~0.67

	
	Minimum
	0
	0
	0
	~0.50

	Meets Health and Safety Requirements
	Maximum
	1
	1
	0
	0.75

	
	Mean
	~0.49
	0.25
	0
	~0.59

	
	Mode
	~0.55
	0
	0
	~0.54

	
	Minimum
	0
	0
	0
	~0.54

	Achieved Industrial Standards
	Maximum
	1
	1
	0
	~0.95

	
	Mean
	~0.58
	~0.52
	0
	~0.67

	
	Mode
	0
	0
	0
	~0.79

	
	Minimum
	0
	0
	0
	~0.36



Figure 9.47 presents the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704228]Figure 9.47: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 9.47 shows that Activity nodes, followed by Stakeholder nodes, gain relevance on the presented Networks. Table 9.29 shows the five nodes with higher Closeness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”).





[bookmark: _Toc72704387]Table 9.29: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	D.10
	Activity
	
	Complete Hydro testing of Pipeline including Drying & Purging between

	
	A4175
	Activity
	Piping
	Cold Tie-in at (Preparation and Execution)

	
	A4180
	Activity
	Piping
	Hot Tap work (Preparation and Execution)

	
	CC2320
	Activity
	Mechanical (Equipment)
	All Equipment Installation

	
	SH5
	Stakeholder
	
	Sr. Construction Engineer

	Meets Health and Safety Requirements
	PM0012
	Activity
	HSE Walk down
	HSE Management Walk down (Week 25-Week67)

	
	SH1
	Stakeholder
	
	Senior Project Manager/Project Manager

	
	SH55
	Stakeholder
	
	Project Manager

	
	SH56
	Stakeholder
	
	Construction Manager

	
	SH5
	Stakeholder
	
	Sr. Construction Engineer

	Achieved Industrial Standards
	D.10
	Activity
	
	Complete Hydro testing of Pipeline including Drying & Purging between 

	
	CC3330
	Activity
	Piping
	A/G Piping/UG piping (Miscellaneous)

	
	A4175
	Activity
	Piping
	Cold Tie-in (Preparation and Execution)

	
	A4180
	Activity
	Piping
	Hot Tap work (Preparation and Execution)

	
	CC2320
	Activity
	Mechanical (Equipment)
	All Equipment Installation






9.4.5 Comparison of Centrality Metrics
Figure 9.48 presents an ensemble of the social network metrics that were analysed separately earlier: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704229]Figure 9.48: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)
Figure 9.48 b) shows what was previously observed for the “Meets Health and Safety Requirements” Innovation Outcome: the Ego Network during the Construction Phase is small and apart from one or more Activity nodes, there are few influential nodes in it. On the other hand, Figure 9.48 a) and 9.48 c) present some nodes with high values across the metrics analysed, which means that the chance of existing nodes having high influence is bigger. In both case, there are many Activity nodes which present high values of Degree, Betweenness and Closeness Centrality. Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards” are the ones present in Table 9.30.

[bookmark: _Toc72704388]Table 9.30: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards’ Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Description
	Degree
	Closeness

	Reduced Production Cost
	SH5 – Sr. Construction Engineer
	26
	0.882353

	
	SH56 – Construction Manager
	26
	0.882353

	
	SH128 – Construction Engineer-Mechanical
	16
	0.863636

	
	SH133 – TPI-Mechanical
	16
	0.863636

	
	SH18 – Sr. HSE Engineer
	25
	0.857143

	Meets Health and Safety Requirements
	SH1 – Senior Project Manager/Project Manager
	4
	0.750000

	
	SH55 – Project Manager
	4
	0.750000

	
	SH56 – Construction Manager
	4
	0.750000

	
	SH5 – Sr. Construction Engineer
	3
	0.666667

	
	SH2 – Sr. Project Engineer
	1
	0.545455

	Achieved Industrial Standards
	SH5 – Sr. Construction Engineer
	66
	0.945946

	
	SH56 – Construction Manager
	66
	0.945946

	
	SH18 – Sr. HSE Engineer
	65
	0.933333

	
	SH29 – Sr. Engineer, HSE
	65
	0.933333

	
	SH76 – Sr. QA/QC Engineer
	65
	0.933333



In terms Activities influence on Innovation Outcomes “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”, Table 9.31 presents those which have high Betweenness, high Closeness and high Degree. 

[bookmark: _Toc72704389]Table 9.31: Five Activity nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards’ Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Production Cost
	Piping
	Hot Tap work (Preparation and Execution)
	35
	1.000000

	
	Piping
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)
	34
	0.769231

	
	Mechanical (Equipment)
	Fire water Tanks - Fit Up & alignment (Prefabricated segment) - Level 4
	32
	0.473684

	
	Piping
	Pipeline laying and testing - 30 " - lowering, Alignment & Fit up
	31
	0.550000

	
	Mechanical (Equipment)
	Fire water Tanks - Fit Up & alignment (Prefabricated segment) - Level 3
	32
	0.392857

	Meets Health and Safety Requirements
	HSE Walk down
	HSE Management Walk down (Week 25-Week67)
	25
	1

	
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas
	5
	0

	
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas
	5
	0

	
	
	Complete foundation works for Compressors and Compressor Shelters for all facilities including Lube Oil Skids, etc.
	4
	0

	Achieved Industrial Standards
	Piping
	Piping Pre-fabrication (CS 20" and above)
	35
	0.428571

	
	Piping
	Pipeline laying and testing - 36 " - lowering, Alignment & Fit up
	29
	0.433333

	
	Mechanical (Equipment)
	All Equipment Installation
	43
	0.384615

	
	Mechanical (Equipment)
	All Equipment Installation
	46
	0.538462

	
	Piping
	Hot Tap work (Preparation and Execution)
	35
	1.000000




[bookmark: _Toc73431551]Summary
This chapter performed an analysis of the social network of activities, stakeholders and innovation outcomes of the Construction Phase of the EPC project similar to what was done for the Engineering and Procurement Phases. It was observed that some Activity nodes tend to present a high Betweenness Centrality and that some Stakeholder nodes tend to present a high Closeness Centrality. After an initial overview of the Construction Phase, this chapter presented the detailed analysis for the Innovation Outcomes. This analysis was divided in two sections as it was done in the previous chapters: Process Innovation Outcomes and Product Innovation Outcomes. It was observed that Construction Manager and Sr. Construction Engineer are the stakeholders who present a high influence on Innovation Outcomes. 
The next chapter presents findings on all the phases of the EPC project.

[bookmark: _Toc73431552]Results - EPC
[bookmark: _Toc73431553] Introduction
The previous chapters focused analysis by each of the tree phases of the EPC Project. This chapter studies the whole network, meaning that all the nodes and connections are analysed altogether. As before, the analysis is focused on centrality metrics, namely, Degree centrality, Closeness centrality and Betweenness centrality are studied. The scope of the analysis starts with an overview of the EPC social network and then moves to a detail of Innovation Outcome nodes’ Ego Networks, grouped into Process Innovation and Product Innovation. These Ego Networks have a depth of two, meaning that they are composed by the Innovation Outcome node itself, its neighbours, and its neighbours’ neighbours. For each Ego Network, centrality metrics are computed with the help of Gephi software to find Stakeholders and Activities that influence the corresponding Innovation Outcome.


[bookmark: _Toc73431554] EPC Social Network Overview
Figure 10.1 presents the social network composed of the nodes and relationships of the EPC Project. The image was produced with the Gephi software, using the Force Atlas layout algorithm with a repulsion strength of 100, among other visualisation parameters.
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[bookmark: _Toc72704230]Figure 10.1: EPC Project Social Network

Figure 10.1 shows a big Social Network, especially when compared to those studied in the three previous chapters. It is can be observed that while there are some peripheral nodes, most of them seem to be a part of clusters of nodes in the Network. This means that nodes tend to be closer to those which share some characteristics with them. Table 10.1 presents a summary of the EPC social network’s main general characteristics.

[bookmark: _Toc72704390]Table 10.1: General Characteristics of the EPC Social Network
	Characteristic
	Value

	Total of Nodes
	3419

	Total of Edges
	42423



Table 10.1 shows high numbers of connections between the nodes. The size of this network is in line with what an EPC Project is: an enormous set of tasks interconnected which involve a high number of stakeholders to coordinate the whole project. In this case and as the scope of this study is Innovation, some of the tasks mentioned are Innovation Outcomes. Focusing on the types of nodes that exist in the social network under analysis, Figure 10.2 presents a pie chart illustrating their distribution.

[image: ]
[bookmark: _Toc72704231]Figure 10.2: Distribution of Node Types in the EPC Social Network

Most of the EPC social network is composed of activities, which represent 94.4% of the total number of nodes. The second largest group is the Stakeholder nodes’ group, which represent almost 5.3% of the whole network, and the smallest group are the Innovation Outcome nodes which represent 0.3% of the total number of nodes. These numbers are consistent with what was mentioned earlier in this chapter that EPC Projects are a set of tasks coordinated by a few stakeholders. Innovation can be generated from all those tasks and the interaction between them, and between them and the stakeholders. However, innovation is typically grouped into major themes which is why there are only a few nodes of the Innovation Outcome type. In summary, the EPC Social Network has 3227 Activity nodes, 182 Stakeholder nodes and 10 Innovation Outcomes nodes.

EPC Social Network Metrics
Table 10.2 presents relevant metrics for the EPC Social Network.

[bookmark: _Toc72704391]Table 10.2: Social Network Metrics of the EPC Social Network
	Social Network Metrics
	Value

	Network Diameter
	38

	Graph Density
	0.004

	Average Path Length
	7.817

	Average Clustering Coefficient
	0.1

	Average Degree
	12.408



Table 10.2 shows that the network diameter for this network is 38, which means that one of all the possible node pairs has a shortest path that passes through 38 nodes. From this metric it can be concluded that this is big network. Table 10.2 also shows that the graph density is low, presenting a value of 0.022, which means that although there is already a significant number of edges, the network is far from a complete graph. This is in accordance with the observation made before referring to the high number of edges of this network. In terms of the average path length, the value is around 8. Besides this, Table 10.2 indicates that the average clustering coefficient is of 0.1 and that the average degree of the network is high when compared to the other networks: 12.408.

Table 10.3 presents a summary of the Social Network Metrics observed here and in previous chapters, for comparison.





[bookmark: _Toc72704392]Table 10.3: Comparison of Social Network Metrics
	Social Network
	Network Diameter
	Graph Density
	Average Path Length
	Average Clustering Coefficient
	Average Degree

	EPC
	38
	0.004
	~7.82
	0.1
	~12.4

	Engineering
	28
	0.005
	~5.33
	0.095
	~9.1

	Procurement
	8
	0.006
	~2.31
	0.097
	~6.7

	Construction
	16
	0.022
	~5
	0.077
	~21



Table 10.3 shows that the EPC social network is the biggest of the three, which was expected. It also shows that it has the highest clustering coefficient and the highest average degree. In terms of the comparison among the three phases, the Engineering Phase is the social network with highest results across the metrics analysed. This is because the Engineering Phase is a relevant one in an EPC project. Further, it involves a many activities and stakeholders. The second ranking higher in the metrics analysed is the Construction Phase and lastly comes the Procurement phase.

Degree Centrality
Figure 10.3 presents the results of the analysis of the Degree, In-Degree and Out-Degree Distribution for the EPC social network.c)
b)
a)
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[bookmark: _Toc72704232]Figure 10.3: Degree a), In-Degree b) and Out-Degree c) Centrality in the EPC Social Network

As before, the Degree, In-Degree and Out-Degree Centrality distributions are right skewed, meaning that most nodes present few links. Focusing on Figures 10.3 a) and 10.3 c), it is observed that there are some heavy outliers in these distributions. In fact, the scale on the x axis shows that there might be nodes with Degree and Out-Degree Centrality values around 1500, which means that there might be nodes connected to 1500 other nodes in the EPC Network. This is quite expected, since one can immediately think of some Stakeholder with a high rank in the EPC project like a Senior Project Manager or a similar role. Due to the existence of the heavy outliers, Figures 10.4 a) and 10.4 b), show the Degree and Out-Degree Centrality distributions excluding nodes with more than 100. 
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[bookmark: _Toc72704233]Figure 10.4: Degree a) and Out-Degree b) Centrality in the EPC Social Network for nodes with less than 100 value

Figure 10.4 shows that, excluding the heavy outliers, it is possible to conclude that the majority of the nodes are connected to less than 25 other nodes in the EPC Project and that, in terms of outgoing connections, the majority have 10 or less links. This is in line with what was previously mentioned. Figure 10.5 present the results for Degree, In-Degree and Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704234]Figure 10.5: Degree (I), In-Degree (II) and Out-Degree Centrality (III) in the EPC Social Network according to node type

Stakeholder nodes present a zero In-Degree value, while Innovation Outcome present the same value but for Out-Degree centrality. This is in accordance with the findings of the previous chapters. Further, in an EPC project Stakeholders tend to be entities which act on Activities and Innovation Outcomes, which means that it is expected for them to have outgoing links. On the other hand, Innovation Outcomes are outcomes which means that they are the goal of the Innovation Process, hence they only present incoming connections. As Activity nodes can be related to Stakeholders, Innovation Outcomes, and other Activities (sets of tasks, for instance), they are the only entities in an EPC Project which can present both outgoing and incoming connections. Table 10.4 summarises the values presented in Figure 10.5 across the different node types and Centrality metrics analysed.

[bookmark: _Toc72704393]Table 10.4: Degree Centrality relevant values of the EPC Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Centrality Metric
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	DEGREE
	Maximum
	1619
	99
	125
	1619

	
	Mean
	~25
	~15
	~31
	~205

	
	Mode
	8
	8
	0
	1

	
	Minimum
	0
	1
	0
	1

	IN-DEGREE
	Maximum
	125
	96
	125
	0

	
	Mean
	~13
	~13
	~31
	0

	
	Mode
	6
	6
	0
	0

	
	Minimum
	0
	0
	0
	0

	OUT-DEGREE
	Maximum
	1619
	12
	0
	1619

	
	Mean
	~13
	~1.64
	0
	~205

	
	Mode
	1
	1
	0
	1

	
	Minimum
	0
	0
	0
	1



Figure 10.6 shows the EPC Social Network affected Degree, In-Degree and Out-Degree: bigger nodes indicate a higher centrality result.
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[bookmark: _Toc72704235]Figure 10.6: Degree a), In-Degree b) and Out-Degree Centrality c) in the EPC Social Network

Figure 10.6 shows that there are some Stakeholder nodes that gain a significant relevance in Degree (a) and Out-Degree (c) distributions. This is consistent with what was observed in the previous chapters. For the In-Degree distribution, Activity and Innovation Outcomes are the ones with bigger sizes.
To summarise the conclusions related to the analysis of the EPC Social Network, Figure 10.7 presents the Degree, In-Degree and Out-Degree metrics in the same plot.
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[bookmark: _Toc72704236]Figure 10.7: EPC Social Network summary of Degree Centrality values

Observing Figure 10.7, it is possible to draw conclusions that were previously pointed that: Stakeholder nodes present a non-zero Out-Degree value and do not present incoming links; Innovation Outcome nodes present only incoming connections; and Activity nodes tend to have a low Out-Degree value but possess both incoming and outgoing connections. Table 10.5 shows the 10 nodes with higher Degree, In-Degree and Out-Degree centrality.








[bookmark: _Toc72704394]Table 10.5: Ten Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the EPC Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	SH62 – Engineering Manager
	Stakeholder

	
	SH60 – QA/QC Manager
	Stakeholder

	
	SH55 – Project Manager
	Stakeholder

	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	SH28 – Sr. QA/QC Engineer
	Stakeholder

	
	SH56 – Construction Manager
	Stakeholder

	
	SH77 – Sr. Engineer, HSE
	Stakeholder

	
	SH16 – Sr.QA/QC Engineer
	Stakeholder

	In-Degree
	J – Achieved industrial standards
	Innovation Outcome

	
	CC2990 – Mechanical Completion
	Activity

	
	CC3070 – Mechanical Completion
	Activity

	
	A31970 – As-built Documentation
	Activity

	
	A29260 – Issue PO
	Activity

	
	CC3260 – Mechanical Completion
	Activity

	
	CC2080 – Mechanical Completion - Substation
	Activity

	
	A29270 – Delivery on Site
	Activity

	
	A29250 – Issue PO
	Activity

	
	A29280 – Delivery on Site
	Activity

	Out-Degree
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	SH62 – Engineering Manager
	Stakeholder

	
	SH60 – QA/QC Manager
	Stakeholder

	
	SH55 – Project Manager
	Stakeholder

	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	SH28 – Sr. QA/QC Engineer
	Stakeholder

	
	SH56 – Construction Manager
	Stakeholder

	
	SH77 – Sr. Engineer, HSE
	Stakeholder

	
	SH16 – Sr.QA/QC Engineer
	Stakeholder



Table 10.6 shows the 10 nodes with lower Degree, In-Degree and Out-Degree centrality in the EPC Social Network.

[bookmark: _Toc72704395]Table 10.6: Ten Nodes with Lower Degree, In-Degree and Out-Degree Centrality in the EPC Social Network
	Centrality Metric
	Node Description
	Type

	Degree
	A31280 – Civil Drawing
	Activity

	
	A2000 – Prepare and Issue MR
	Activity

	
	A5780 – Prepare and Issue MR
	Activity

	
	A5800 – Prepare and Issue MR
	Activity

	
	A5840 – Prepare and Issue MR
	Activity

	
	A5860 – Prepare and Issue MR
	Activity

	
	A5960 – Prepare and Issue MR
	Activity

	
	A5940 – Prepare and Issue MR
	Activity

	
	A5900 – Prepare and Issue MR
	Activity

	
	A31311 – Approval and Obtaining the NOC from Municipality & Authorities (Coordination between Siemens & Municipality)
	Activity

	In-Degree
	A31240 – Civil Drawing
	Activity

	
	A31260 – Foundation and Civil Drawing
	Activity

	
	A31280 – Civil Drawing
	Activity

	
	A2000 – Prepare and Issue MR
	Activity

	
	A5780 – Prepare and Issue MR
	Activity

	
	A5800 – Prepare and Issue MR
	Activity

	
	A5840 – Prepare and Issue MR
	Activity

	
	A5860 – Prepare and Issue MR
	Activity

	
	A5960 – Prepare and Issue MR
	Activity

	
	A5940 – Prepare and Issue MR
	Activity

	Out-Degree
	M1110 – Commissioning Completion all area
	Activity

	
	A11120 – Receive Company Approval
	Activity

	
	A27080 – Receive COMPANY Comments / Approval
	Activity

	
	A28950 – Receive COMPANY Comments / Approval
	Activity

	
	A31970 – As-built Documentation
	Activity

	
	A – Reduced Production Cost
	Innovation Outcome

	
	B – Reduced project implementation time
	Innovation Outcome

	
	D – Meets health and safety requirements
	Innovation Outcome

	
	G – Improved procurement activities
	Innovation Outcome

	
	H – Stakeholders’ engagement
	Innovation Outcome




Betweenness Centrality
Figure 10.8 shows the results of the Betweenness Centrality distribution for the EPC social network.
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[bookmark: _Toc72704237]Figure 10.8: Betweenness Centrality in the EPC Social Network
The results in Figure 10.8 are consistent with what was previously observed that a small number of nodes present high Betweenness Centrality while the majority do not have the ability to act as bridges in the network. 
Due to the heavy outliers in the plot of Figure 10.8, Figure 10.9 improves the visualisation.
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[bookmark: _Toc72704238]Figure 10.9: Betweenness Centrality in the EPC Social Network for nodes with less than 100 value

Proceeding according to the previous sections, Figure 10.10 presents the Betweenness Centrality results according to the types of nodes.
a)
b)
c)
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[bookmark: _Toc72704239]Figure 10.10: Betweenness Centrality in the EPC Social Network according to node type

As was mentioned before, Figure 10.10 shows that Innovation Outcome and Stakeholder nodes have zero Betweenness Centrality which means that the most influencing nodes in terms of bridging information on the EPC social network are the Activity nodes. Table 10.7 presents relevant values of this distribution.

[bookmark: _Toc72704396]Table 10.7: Betweenness Centrality relevant values of the EPC Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	~49213
	~49213
	0
	0

	Mean
	~876
	~928
	0
	0

	Mode
	0
	0
	0
	0

	Minimum
	0
	0
	0
	0



Figure 10.11 shows the EPC Social Network affected by the Betweenness Centrality results: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704240]Figure 10.11: EPC Social Network affected by Betweenness Centrality

Figure 10.11 illustrates that Activity nodes gain relevance in the network, which is consistent with what was analysed before. Table 10.8 shows the 10 nodes with higher Betweenness Centrality in the EPC network for the Activity nodes since the other types of nodes have a zero betweenness value. 

[bookmark: _Toc72704397]Table 10.8: Ten Nodes with Higher Betweenness Centrality in the EPC Social Network
	Betweenness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	CC2990
	Activity
	Mechanical Completion Train 1
	Mechanical Completion

	A30180
	Activity
	Compressor Area
	Piling Drawings

	A29890
	Activity
	Instrumentation & Control Balance Documents
	Issue as IFC

	CC3090
	Activity
	Compressor Train 1
	Sequence Test

	CC1010
	Activity
	Piling
	Piling Works

	CC3070
	Activity
	Mechanical Completion Train 2
	Mechanical Completion

	CC3150
	Activity
	Compressor Train 2
	Sequence Test

	A29280
	Activity
	Miscellaneous (BM)
	Delivery on Site

	A29260
	Activity
	Miscellaneous (BM)
	Issue PO

	CC1070
	Activity
	Piling
	Piling Works




Closeness Centrality
Figure 10.12 shows the results of the Closeness Centrality distribution for the EPC social network.
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[bookmark: _Toc72704241]Figure 10.12: Closeness Centrality in the EPC Social Network

As before, most of the nodes have a low closeness, meaning that they are not central to the network, while a few of them tend to have a high closeness value. 
The analysis of Closeness Centrality according to the types of nodes is presented in Figure 10.13.a)
c)
b)
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[bookmark: _Toc72704242]Figure 10.13: Closeness Centrality in the EPC Social Network according to node types

Figure 10.13 shows that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. It also shows that Stakeholder nodes tend to have a higher Closeness Centrality than Activity nodes.
Table 10.9 summarises the relevant values presented across the different node types.
[bookmark: _Toc72704398]Table 10.9: Closeness Centrality relevant values of the EPC Social Network according to node types (Activity, Innovation Outcome and Stakeholder)
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Maximum
	1
	1
	0
	~0.93

	Mean
	~0.17
	~0.17
	0
	~0.31

	Mode
	0.5
	0.5
	0
	~0.12

	Minimum
	0
	0
	0
	~0.11



Figure 10.14 presents the EPC Social Network affected by Closeness Centrality: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704243]Figure 10.14: EPC Social Network affected by Closeness Centrality

Figure 10.14 shows that there are Activity nodes with high closeness, which happens because activities are close to each other in terms of a WBS logic and they are also close to Stakeholders. Table 10.10 shows the 10 nodes with higher Closeness Centrality in the EPC network.
[bookmark: _Toc72704399]Table 10.10: Ten Nodes with Higher Closeness Centrality in the EPC Social Network
	Closeness Centrality

	Node
	Type
	WBS Task Name
	Project Activity Description

	G1070
	Activity
	
	Mechanical Completion - Substation

	G1080
	Activity
	
	Commissioning Completion -Substation

	G1090
	Activity
	
	Mechanical Completion - Compressor Train 1

	G1100
	Activity
	
	Mechanical Completion - Compressor Train 2

	G1110
	Activity
	
	Gas In (Compressor Train 1)

	G1120
	Activity
	
	Mechanical Completion - Compressor Train 3

	G1130
	Activity
	
	Gas In (Compressor Train 2)

	C.04
	Activity
	
	Receive Other Major Electrical Equipment and 33kV cable at site

	D.11
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 1) for Train 1 & 2 (NOTE-4)

	D.12
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 2) for Train 3 (NOTE-4)




Comparison of Centrality Metrics
Figure 10.15 presents an ensemble of the EPC social network metrics analysed separately before: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704244]Figure 10.15: EPC Social Network summary of Centrality metrics

Figure 10.15 illustrates that there are many nodes with a Closeness Centrality value around 0.25. Besides this, one notes that Stakeholder nodes only present a positive Closeness Centrality and that in some cases their value is close to 1. In terms of Betweenness Centrality, the plot of Figure 10.15 shows that only Activity nodes present values greater than zero and that in some cases, the Betweenness of those nodes is high. One can therefore conclude that Activity nodes tend to be the most influential in the EPC Project.

[bookmark: _Toc73431555]Study of Process Innovation Outcomes
Process Innovation Outcomes’ Ego Networks
Table 10.11 presents the general characteristics of the Innovation Outcomes’ Ego Networks analysed in this subsection.
[bookmark: _Toc72704400]Table 10.11: Process Innovation Outcomes’ Information for EPC Project
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3501
	B
	Reduced Project Implementation Time
	259
	2661

	3506
	G
	Improved Procurement Activities
	108
	641

	3508
	I
	Reduced Operational Cost
	191
	1607



Table 10.11 shows that the Innovation Outcomes’ Ego Networks are relatively balanced in terms of number of nodes, although the 3501 and 3508 Ego Networks present a high number of edges, when compared to the 3606 one.

To further assess the characteristics of these Ego Networks, the plot in Figure 10.16 presents their distribution according to node types.
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[bookmark: _Toc72704245]Figure 10.16: Distribution of Node Types for Process Innovation Outcomes’ Ego Networks

The plot in Figure 10.16 shows that most of the types of nodes are Activity nodes, followed by Stakeholder and lastly Innovation Outcome nodes. The plot also shows that the share of Activity nodes in the “Reduced Operational Cost”’ Ego Network is high and is the biggest of all three. Figure 10.17 presents the Process Innovation Outcomes’ Ego Networks, created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704246]Figure 10.17: Ego Networks of Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Degree Centrality
Figure 10.18 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Process Innovation Ego Networks.
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[bookmark: _Toc72704247]Figure 10.18: Degree (I), In-Degree (II) and Out-Degree Centrality (III) of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 10.18 shows, as expected, right skewed distributions, which mean that most of the nodes across all the three Ego Networks present low connectivity (both incoming and outgoing links). Further, Figure 10.18 shows that the Degree, In-Degree and Out-Degree Centrality values are similar across the three Ego Networks, which means that the Ego Networks are comparable in terms of the connectivity of their nodes. Figure 10.19 presents the results for Degree Centrality according to the node type.
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[bookmark: _Toc72704248]Figure 10.19: Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type
Figure 10.19 shows that typically, Stakeholder nodes have a higher number of links than the number of connections that Activity nodes have. Further, Innovation Outcome nodes tend to have an evenly distributed number of connections, with the third Ego Network presenting nodes of this type with higher connectivity than those of the others. 
Table 10.12 summarises the values presented in Figure 10.19 across the different node types.

[bookmark: _Toc72704401]Table 10.12: Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	61
	52
	36
	61

	
	Mean
	~21
	~20
	~16
	~22

	
	Mode
	19
	4
	36
	19

	
	Minimum
	1
	1
	4
	2

	Improved Procurement Activities
	Maximum
	46
	29
	16
	46

	
	Mean
	~12
	~11
	~9.4
	~14.4

	
	Mode
	7
	7
	13
	11

	
	Minimum
	2
	2
	2
	2

	Reduced Operational Cost
	Maximum
	123
	26
	50
	123

	
	Mean
	~17
	~11.5
	~21
	~47

	
	Mode
	7
	7
	6
	1

	
	Minimum
	1
	2
	1
	1



Figure 10.20 presents the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704249]Figure 10.20: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

The Ego Networks a) and b) present Activity and Stakeholder nodes with higher relevance, which is in accordance with the analysis presented earlier. Figure 10.21 presents the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders), for each Ego Network.
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[bookmark: _Toc72704250]Figure 10.21: In-Degree Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

As expected, the behaviour observed in the plots of Figure 10.21 are consistent with what was previously concluded, that Stakeholder nodes do not present incoming connections. The values of In-Degree Centrality for Innovation Outcome nodes are the same with those of their Degree Centrality (observed in Figures 10.19 I b) and 10.19 II b) in not presenting outgoing links.

Focusing on Activity nodes, Figure 10.21 I a) shows that the nodes of the Ego Network “Reduced Project Implementation Time” can present a higher number of links than the same nodes of the other two Ego Networks studied. Table 10.13 summarises the values presented in Figure 10.21 across the different node types.

[bookmark: _Toc72704402]Table 10.13: In-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	51
	51
	36
	0

	
	Mean
	~10.3
	~18
	~16
	0

	
	Mode
	0
	2
	36
	0

	
	Minimum
	0
	0
	4
	0

	Improved Procurement Activities
	Maximum
	26
	26
	16
	0

	
	Mean
	~6
	~8.4
	~9.4
	0

	
	Mode
	0
	5
	13
	0

	
	Minimum
	0
	2
	2
	0

	Reduced Operational Cost
	Maximum
	50
	26
	50
	0

	
	Mean
	~8.5
	~10
	21
	0

	
	Mode
	0
	7
	6
	0

	
	Minimum
	0
	2
	1
	0



Figure 10.22 presents the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704251]Figure 10.22: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 10.23 shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).

[image: ][image: ][image: ]b)
a)
c)

Ia)
b)
c)

[image: ][image: ][image: ]
IIb)
c)
a)

[image: ][image: ][image: ]
III
[bookmark: _Toc72704252]Figure 10.23: Out-Degree Centrality for Innovation Outcome ““Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 10.23 shows that across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero, which is in accordance with what was previously noticed. Focusing on Figures 10.23 I, 10.23 II and 10.23 III, it can be observed that the outliers of Stakeholder nodes present a higher Out-Degree than Activity nodes. This could mean that those Stakeholder nodes have higher connectivity. Table 10.14 summarises the values presented in Figure 10.23 across the different node types.

[bookmark: _Toc72704403]Table 10.14: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	61
	12
	0
	61

	
	Mean
	~11
	~3
	0
	~22

	
	Mode
	0
	0
	0
	19

	
	Minimum
	0
	0
	0
	2

	Improved Procurement Activities
	Maximum
	12
	12
	0
	46

	
	Mean
	~6
	~2.59
	0
	~14.4

	
	Mode
	0
	0
	0
	2

	
	Minimum
	0
	0
	0
	1

	Reduced Operational Cost
	Maximum
	123
	12
	0
	123

	
	Mean
	~9.5
	~2.2
	0
	~47

	
	Mode
	1
	1
	0
	1

	
	Minimum
	0
	0
	0
	1



Figure 10.24 presents the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704253]Figure 10.24: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

To summarise the conclusions related to the analysis of the Process Innovation Outcomes, Figure 10.25 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704254]Figure 10.25: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c))

Figure 10.25 shows that the Activity nodes of the Innovation Outcome “Reduced Project Implementation Time” present a wide value of In-Degree Centrality and some of them present high values of Out-Degree.

Table 10.15 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”). 

[bookmark: _Toc72704404]Table 10.15: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Networks
	
	Centrality Metric
	Node Description
	Type

	Reduced Project Implementation Time
	Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	In-Degree
	CC2990 – Mechanical Completion
	Activity

	
	
	CC3070 – Mechanical Completion
	Activity

	
	
	CC3260 – Mechanical Completion
	Activity

	
	
	CC1850 – Mechanical Completion - Compressor Station Guard House
	Activity

	
	
	EP1110 – IPF (SIL Review)
	Activity

	
	Out-Degree
	SH5 – Sr. Construction Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	Improved Procurement Activities
	Degree
	SH62 – Engineering Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder

	
	In-Degree
	J – Achieved industrial standards
	Innovation Outcome

	
	
	CC2990 – Mechanical Completion
	Activity

	
	
	CC3070 – Mechanical Completion
	Activity

	
	
	CC3260 – Mechanical Completion
	Activity

	
	
	CC2080 – Mechanical Completion - Substation
	Activity

	
	Out-Degree
	SH62 – Engineering Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH56 – Construction Manager
	Stakeholder



Betweenness Centrality
Figure 10.26 presents the results for the Betweenness Centrality analysis of the Process Innovation Ego Networks. 
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[bookmark: _Toc72704255]Figure 10.26: Betweenness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figures 10.26 a) presents outliers which have higher Betweenness Centrality values than the outliers of the other Ego Networks. This means that Ego Network “Reduced Project Implementation Time” has nodes which are more influential than the ones with higher Betweenness Centrality of the other two Ego Networks. Figure 10.27 presents the results for Betweenness Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704256]Figure 10.27: Betweenness Centrality for “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type
Figures 10.27 I b), 10.27 I c), 10.27 II b) and 10.27 II c) present what was previously seen in other chapters that Innovation Outcome and Stakeholder nodes do not have the ability to build bridges in the Ego Network social networks. Table 10.16 summarises the values presented in Figure 10.27 across the different node types.

[bookmark: _Toc72704405]Table 10.16: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	~523
	~523
	0
	0

	
	Mean
	~18.4
	~32
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Improved Procurement Activities
	Maximum
	~130
	~130
	0
	0

	
	Mean
	~6.3
	~9.7
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Reduced Operational Cost
	Maximum
	~92.1
	~92.1
	0
	0

	
	Mean
	~7.98
	~9.4
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 10.28 presents the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704257]Figure 10.28: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Focusing on Figure 10.28, it can be observed that with this centrality metric, Activity nodes gain relevance in the network. Table 10.17 shows the five nodes with higher Betweenness centrality for the first two Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”).



[bookmark: _Toc72704406]Table 10.17: Five Nodes with Higher Betweenness Centrality for each Process Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	EP1120
	Activity
	
	90% Model Review

	
	PM0006b
	Activity
	Document Review Management
	Across the table approval for critical documents

	
	PM0005b
	Activity
	Document Review Management
	Reduced deliverable review cycle (From 10 to 3 days)

	
	A29360
	Activity
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule & etc.)

	
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	Improved Procurement Activities
	PM0011
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 5

	
	PM0007b
	Activity
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 1

	
	A14720
	Activity
	Specification for Pressure Vessels
	Issue as IFC

	
	A16610
	Activity
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC

	
	PM0007
	Activity
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations

	Reduced Operational Cost
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	
	A19410
	Activity
	Pipeline Design Basis
	Issue as IFC

	
	A17730
	Activity
	Datasheets for Piping Components / SP Items/ Spring Hangers
	Issue as IFC

	
	A14930
	Activity
	Mechanical Design Basis -Static Equipment
	Issue as IFC

	
	A11730
	Activity
	P&ID - Nitrogen Generation Package
	Issue as IFC



Closeness Centrality
Figure 10.29 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
a)
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[bookmark: _Toc72704258]Figure 10.29: Closeness Centrality of Innovation Outcome “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

The results of Closeness Centrality are quite similar across the three Ego Networks, with most of the nodes presenting values of 0 or 1, while the rest sits between 0.50 and 1. 
The analysis of Closeness Centrality according to types of nodes is presented in Figure 10.30.
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[bookmark: _Toc72704259]Figure 10.30: Closeness Centrality for Innovation Outcome “Reduced Project Implementation Time” (I), “Improved Procurement Activities” (II) and “Reduced Operational Cost” (III) according to node type

Figure 10.30 I b) and 10.30 II b) show that Innovation Outcome nodes are generally distant from every other node in the network since their closeness is zero. Further, it is observed that some Activity nodes are peripheral in the network and that some of them tend to play a central role in it. This means they might have access to information from other nodes in the network. Table 10.18 summarises the values presented in Figure 10.30 across the different node types.

[bookmark: _Toc72704407]Table 10.18: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Project Implementation Time
	Maximum
	1
	1
	0
	~0.93

	
	Mean
	~0.49
	~0.43
	0
	~0.62

	
	Mode
	0
	1
	0
	~0.65

	
	Minimum
	0
	0
	0
	~0.26

	Improved Procurement Activities
	Maximum
	1
	1
	0
	~0.86

	
	Mean
	~0.53
	~0.53
	0
	~0.64

	
	Mode
	0
	0
	0
	~0.66

	
	Minimum
	0
	0
	0
	~0.50

	Reduced Operational Cost
	Maximum
	1
	1
	0
	~0.92

	
	Mean
	~0.57
	~0.57
	0
	~0.68

	
	Mode
	1
	1
	0
	~0.56

	
	Minimum
	0
	0
	0
	~0.42



Figure 10.31 presents the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704260]Figure 10.31: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Project Implementation Time” (a), “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)


Figure 10.31 shows that Activity and Stakeholder nodes tend to gain relevance with this Distribution. Table 10.19 shows the five nodes with higher Closeness centrality for the three Process Innovation Outcomes (“Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”).


[bookmark: _Toc72704408]Table 10.19: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Project Implementation Time
	CC1650
	Activity
	Piling Civil and Steel Structure Works
	Civil Final works -Pavings, etc..

	
	CC1270
	Activity
	Substation Building
	Civil Final works -Pavings, etc..

	
	CC1660
	Activity
	Piping
	Pipe Pre-fabrication - Lot 1 (CS 20", 6-10")

	
	D.03
	Activity
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas

	
	D.05
	Activity
	
	Complete installation of Air Coolers, Inlet Gas Filters, Suction/Interstage K.O. Drums & Pumps along with all auxiliary fa

	Improved Procurement Activities
	D.03
	Activity
	
	Complete installation of Compressors along with all auxiliary facilities, internals, Lube Oil Skids, VFD Motor, Dry Gas

	
	D.05
	Activity
	
	Complete installation of Air Coolers, Inlet Gas Filters, Suction/Interstage K.O. Drums & Pumps along with all auxiliary fa

	
	D.11
	Activity
	
	Achieve MECHANICAL COMPLETION (MC 1) for Train 1 & 2 (NOTE-4)

	
	E.01
	Activity
	
	Complete Commissioning of Tr-1 & 2 Facilities and achieve "Gas-in" to Pipeline Network  to meet Consumer demand (NOTE-4)

	
	A1360
	Activity
	Suction KO drum
	Prepare and Issue MR

	Reduced Operational Cost
	A29360
	Activity
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule & etc.)

	
	A1360
	Activity
	Suction KO drum
	Prepare and Issue MR

	
	A1480
	Activity
	Portable water tank
	Prepare and Issue MR

	
	A11060
	Activity
	P&ID - Sales Gas Compressor
	Issue as IFC

	
	A11730
	Activity
	P&ID - Nitrogen Generation Package
	Issue as IFC




10.3.5 Comparison of Centrality Metrics
Figure 10.32 presents an ensemble of the social network metrics which were analysed separately earlier: Degree Centrality, Betweenness Centrality and Closeness Centrality.
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[bookmark: _Toc72704261]Figure 10.32: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Project Implementation Time” (a) and “Improved Procurement Activities” (b) and “Reduced Operational Cost” (c)

Figure 10.32 a) shows that Activity nodes tend to have a wide range of both Betweenness, Closeness and Degree centrality. Figure 10.32 b) and 10.32 c) points to that there are a significant number of nodes which have a Closeness Centrality value above 0.50.
Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost” are the ones present in Table 10.20.

[bookmark: _Toc72704409]Table 10.20: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time” and “Improved Procurement Activities’ Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Node
	Degree
	Closeness

	Reduced Project Implementation Time
	SH171 – Foreman-Instrument
	24
	0.928571

	
	SH172 – I&C Technician
	24
	0.928571

	
	SH175 – Helper
	24
	0.928571

	
	SH78 – Safety Officer, HSE
	43
	0.877193

	
	SH29 – Sr. Engineer, HSE
	47
	0.861538

	Improved Procurement Activities
	SH17 – Procurement Engineer
	24
	0.852941

	
	SH72 – Sr. Electrical Engineer
	10
	0.750000

	
	SH55 – Project Manager
	46
	0.734694

	
	SH5 – Sr. Construction Engineer
	24
	0.725490

	
	SH56 – Construction Manager
	24
	0.725490

	Reduced Operational Cost
	SH60 – QA/QC Manager
	83
	0.919192

	
	SH16 – Sr.QA/QC Engineer
	30
	0.875000

	
	SH28 – Sr. QA/QC Engineer
	29
	0.871795

	
	SH68 – Engineer, Pipeline
	19
	0.827586

	
	SH73 – Sr. Engineer I&C
	64
	0.813725


In terms Activities influence on Innovation Outcomes “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost”, Table 10.21 presents those which have high Betweenness, high Closeness and high Degree.

[bookmark: _Toc72704410]Table 10.21: Five Activity nodes with High values of Degree and Closeness in the “Reduced Project Implementation Time”, “Improved Procurement Activities” and “Reduced Operational Cost’s Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Project Implementation Time
	
	90% Model Review
	45
	0.761905

	
	Document Review Management
	Across the table approval for critical documents
	43
	0.583333

	
	Document Review Management
	Reduced deliverable review cycle (From 10 to 3 days)
	42
	0.538462

	
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule & etc.)
	44
	0.454545

	
	P&ID - Sales Gas Compressor
	Issue as IFC
	22
	0.565217

	Improved Procurement Activities
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 5
	29
	0.761905

	
	Schedule Risk Analysis
	Schedule Risk Analysis Workshop 1
	25
	0.875000

	
	Specification for Pressure Vessels
	Issue as IFC
	21
	1.000000

	
	Instrument air package Data Sheets (air dry compressor)
	Issue as IFC
	18
	1.000000

	
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations
	18
	1.000000

	Reduced Operational Cost
	P&ID - Sales Gas Compressor
	Issue as IFC
	22
	1.000000

	
	Pipeline Design Basis
	Issue as IFC
	21
	0.923077

	
	Datasheets for Piping Components / SP Items/ Spring Hangers
	Issue as IFC
	20
	1.000000

	
	Mechanical Design Basis -Static Equipment
	Issue as IFC
	20
	1.000000

	
	P&ID - Nitrogen Generation Package
	Issue as IFC
	20
	1.000000




[bookmark: _Toc73431556]Study of Product Innovation Outcomes
Product Innovation Outcomes’ Ego Networks
Table 10.22 presents the general characteristics of the Innovation Outcomes’ Ego Networks.





[bookmark: _Toc72704411]Table 10.22: Product Innovation Outcomes’ Information.
	Innovation Outcome
	Label
	Description
	Total of Nodes
	Total of Edges

	3500
	A
	Reduced Production Cost
	244
	2097

	3503
	D
	Meets Health and Safety Requirements
	111
	602

	3509
	I
	Achieved Industrial Standards
	466
	4789



The numbers in Table 10.22 show that the “Achieved Industrial Standards” Ego Network is the biggest of the three presented, both in terms of nodes and of edges. It is followed by “Reduced Production Cost” and then “Meets Health and Safety Requirements”.
To further assess the characteristics of these Ego Networks, the plot in Figure 10.33 presents their distribution according to node types.
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[bookmark: _Toc72704262]Figure 10.33: Distribution of Node Types for Product Innovation Outcomes’ Ego Networks

Figure 10.33 shows that Activity Nodes tend to have the biggest share in the nodes’ distribution for each of the three Innovation Outcomes Ego Networks. Figure 10.34 presents the Product Innovation Outcomes’ Ego Networks, created with Gephi software. The Fruchterman Reingold layout algorithm was used to improve visualisation.
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[bookmark: _Toc72704263]Figure 10.34: Ego Networks of Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Degree Centrality
Figure 10.35 presents the results for the Degree, In-Degree and Out-Degree Centrality analysis of the Product Innovation Ego Networks. 
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[bookmark: _Toc72704264]Figure 10.35: Degree, In-Degree and Out-Degree Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 10.35 presents similar distributions of the Degree, In-Degree and Out-Degree. Indeed, all distributions are right skewed, meaning that most of the nodes of these Ego Networks present a low connectivity. Figure 10.35 I and 10.35 III shows that these are the two networks with higher values, which is consistent with the high number of edges they present. Figure 10.36 presents the results for Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704265]Figure 10.36: Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type
The plots of Figures 10.36 I b), 10.36 II b) and 10.36 III b) show that Innovation Outcome nodes present similar distributions: basically, there not two nodes with the same number of connections. In terms of the other types of nodes, Figure 10.36 shows that the differences are those which have been pointed out on the analysis of Figure 10.35.
Table 10.23 summarises the values presented in Figure 10.36 across the different node types.

[bookmark: _Toc72704412]Table 10.23: Degree Centrality relevant values of the Product Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	102
	36
	63
	102

	
	Mean
	~17.2
	~13.2
	~26.7
	~27.3

	
	Mode
	8
	8
	16
	7

	
	Minimum
	1
	1
	2
	2

	Meets Health and Safety Requirements
	Maximum
	50
	50
	16
	32

	
	Mean
	~10.9
	~15.1
	7
	~8.3

	
	Mode
	3
	14
	3
	3

	
	Minimum
	1
	2
	1
	1

	Achieved Industrial Standards
	Maximum
	210
	50
	125
	210

	
	Mean
	~20.6
	~14.7
	~32
	~38.9

	
	Mode
	6
	6
	13
	35

	
	Minimum
	1
	2
	3
	1



Figure 10.37 presents the impact of Degree Centrality in the studied social ego networks: larger nodes indicate a higher Degree Centrality.
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[bookmark: _Toc72704266]Figure 10.37: Ego Network affected by Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 10.38 shows the results for In-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704267]Figure 10.38: In-Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Once again, Stakeholder nodes do not present any incoming connection, as it is possible to observe in Figures 10.38 I c), 10.38 II c) and 10.38 III c). Table 10.24 summarises the values presented in Figure 10.38 across the different node types.





[bookmark: _Toc72704413]Table 10.24: In-Degree Centrality relevant values of the Process Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	63
	32
	63
	0

	
	Mean
	~8.6
	~11.2
	~26.7
	0

	
	Mode
	0
	7
	16
	0

	
	Minimum
	0
	0
	2
	0

	Meets Health and Safety Requirements
	Maximum
	46
	46
	16
	0

	
	Mean
	~5.43
	~13.2
	7
	0

	
	Mode
	0
	10
	3
	0

	
	Minimum
	0
	2
	1
	0

	Achieved Industrial Standards
	Maximum
	125
	46
	125
	0

	
	Mean
	~10.3
	~13
	~31.9
	0

	
	Mode
	0
	7
	13
	0

	
	Minimum
	0
	1
	3
	0



Figure 10.39 presents the impact of In-Degree Centrality in the studied social ego networks: larger nodes indicate a higher In-Degree Centrality.
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[bookmark: _Toc72704268]Figure 10.39: Ego Network affected by In-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

As expected, it is observed that with this distribution, Stakeholder and some Innovation Outcome nodes tend to gain relevance in the networks of Figure 10.39. Figure 10.40 shows the results for Out-Degree Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders). 
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[bookmark: _Toc72704269]Figure 10.40: Out-Degree Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figure 10.40 shows that, across all the Innovation Outcomes analysed, every Innovation Outcome node presented an Out-Degree of zero. This comes in line with what was previously observed. It also shows that Activity nodes tend to have low Out-Degree values. Table 10.25 summarises the values presented in Figure 10.40 across the different node types.

[bookmark: _Toc72704414]Table 10.25: Out-Degree Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	102
	12
	0
	102

	
	Mean
	~8.6
	~2.1
	0
	~27.3

	
	Mode
	1
	1
	0
	7

	
	Minimum
	0
	0
	0
	2

	Meets Health and Safety Requirements
	Maximum
	32
	12
	0
	32

	
	Mean
	~5,43
	~1.84
	0
	~8.3

	
	Mode
	0
	0
	0
	3

	
	Minimum
	0
	0
	0
	1

	Achieved Industrial Standards
	Maximum
	210
	12
	0
	210

	
	Mean
	~10.3
	~1.7
	0
	~39

	
	Mode
	0
	0
	0
	35

	
	Minimum
	0
	0
	0
	1



Figure 10.41 presents the impact of Out-Degree Centrality in the studied social ego networks: larger nodes indicate a higher Out-Degree Centrality.
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[bookmark: _Toc72704270]Figure 10.41: Ego Networks affected by Out-Degree Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

To summarise the conclusions related to the analysis of the Process Innovation Outcomes, Figure 10.42 presents the Degree, In-Degree and Out-Degree metrics in the same plots.
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[bookmark: _Toc72704271]Figure 10.42: Process Innovation Outcomes Ego Networks summary of Degree Centrality values (“Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c))

Observing Figure 10.42 a) and c), one can conclude that Activity nodes tend to have high In-Degree values and a significant value of Out-Degree centrality. On the other hand, Activity nodes in Figure 10.42 c) tend to present low values of Out-Degree value. This is in accordance with what was previously observed in this subsection.
Table 10.26 shows the five nodes with higher Degree, In-Degree and Out-Degree centrality for the three Process Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”). 

[bookmark: _Toc72704415]Table 10.26: Five Nodes with Higher Degree, In-Degree and Out-Degree Centrality in the Product Innovation Outcomes’ Ego Network
	
	Centrality Metric
	Node Description
	Type

	Reduced Production Cost
	Degree
	SH62 – Engineering Manager
	Stakeholder

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH63 – Sr. Process Engineer
	Stakeholder

	
	
	SH15 – Sr.Piping & Pipeline Engineer
	Stakeholder

	
	In-Degree
	J – Achieved industrial standards
	Innovation Outcome

	
	
	A – Reduced Production Cost
	Innovation Outcome

	
	
	CC2320 – All Equipment Installation
	Activity

	
	
	CC1592 – Fire water Tank - Final Testing (NDT, RT etc.)
	Activity

	
	
	A4180 – Hot Tap work (Preparation and Execution)
	Activity

	
	Out-Degree
	SH62 – Engineering Manager
	Stakeholder

	
	
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH63 – Sr. Process Engineer
	Stakeholder

	
	
	SH15 – Sr.Piping & Pipeline Engineer
	Stakeholder

	Meets Health and Safety Requirements
	Degree
	EP1110 – IPF (SIL Review)
	Activity

	
	
	EP1120 – 90% Model Review
	Activity

	
	
	EP1100 – 60% Model Review
	Activity

	
	
	CC1850 – Mechanical Completion - Compressor Station Guard House
	Activity

	
	
	G1050 – 30% Model Review
	Activity

	
	In-Degree
	EP1110 – IPF (SIL Review)
	Activity

	
	
	CC1850 – Mechanical Completion - Compressor Station Guard House
	Activity

	
	
	EP1100 – 60% Model Review
	Activity

	
	
	EP1120 – 90% Model Review
	Activity

	
	
	CC1800 – Mechanical Completion - Control Room
	Activity

	
	Out-Degree
	SH55 – Project Manager
	Stakeholder

	
	
	SH18 – Sr. HSE Engineer
	Stakeholder

	
	
	SH62 – Engineering Manager
	Stakeholder

	
	
	SH1 – Senior Project Manager/Project Manager
	Stakeholder

	
	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	Achieved Industrial Standards
	Degree
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH62 – Engineering Manager
	Stakeholder

	
	In-Degree
	J – Achieved industrial standards
	Innovation Outcome

	
	
	EP1110 – IPF (SIL Review)
	Activity

	
	
	CC2990 – Mechanical Completion
	Activity

	
	
	CC2120 – HIPS Installation
	Activity

	
	
	CC2550 – Mechanical Completion - Custody Transfer Area
	Activity

	
	Out-Degree
	SH55 – Project Manager
	Stakeholder

	
	
	SH60 – QA/QC Manager
	Stakeholder

	
	
	SH76 – Sr. QA/QC Engineer
	Stakeholder

	
	
	SH59 – Cost Control Manager/Procurement Engineer
	Stakeholder

	
	
	SH62 – Engineering Manager
	Stakeholder




Betweenness Centrality
Figure 10.43 presents the results for the Betweenness Centrality analysis of the Product Innovation Ego Networks.a)
c)
b)
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[bookmark: _Toc72704272]Figure 10.43: Betweenness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

The plots of Figure 10.43 show that the results are consistent with what is expected, that is a few nodes with a high value of Betweenness Centrality, while most of them have a zero value. 
 Figure 10.44 presents the results for Betweenness Centrality according to the node types (Activities, Innovation Outcomes and Stakeholders).
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[bookmark: _Toc72704273]Figure 10.44: Betweenness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type
For all the plots of Figure 10.44, Innovation Outcome and Stakeholder nodes do not have a Betweenness Centrality value above zero, which is in line with what was observed before. Activity nodes tend to present low Betweenness value in general, some have high influence in the network. Table 10.27 summarises the values presented in Figure 10.44 across the different node types.

[bookmark: _Toc72704416]Table 10.27: Betweenness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	~90.3
	~90.3
	0
	0

	
	Mean
	~8.4
	~11.73
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Meets Health and Safety Requirements
	Maximum
	~447.3
	~447.3
	0
	0

	
	Mean
	~13.2
	~33.9
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0

	Achieved Industrial Standards
	Maximum
	~713.8
	~713.8
	0
	0

	
	Mean
	~19.5
	~25.8
	0
	0

	
	Mode
	0
	0
	0
	0

	
	Minimum
	0
	0
	0
	0



Figure 10.45 presents the impact of Betweenness Centrality in the studied social ego networks: larger nodes indicate a higher Betweenness Centrality.
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[bookmark: _Toc72704274]Figure 10.45: Ego Networks affected by Betweenness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 10.45 show that Activity nodes gain relevance with the Centrality metric. Table 10.28 shows the five nodes with higher Betweenness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”).

[bookmark: _Toc72704417]Table 10.28: Five Nodes with Higher Betweenness Centrality for each Product Innovation Outcome
	Betweenness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	A1340
	Activity
	Discharged Cooler
	Prepare and Issue MR

	
	A4180
	Activity
	Piping
	Hot Tap work (Preparation and Execution)

	
	A19410
	Activity
	Pipeline Design Basis
	Issue as IFC

	
	A1350
	Activity
	Discharged Cooler
	Issue PO

	
	A4174
	Activity
	Piping
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)

	Meets Health and Safety Requirements
	EP1120
	Activity
	
	90% Model Review

	
	EP1110
	Activity
	
	IPF (SIL Review)

	
	EP1100
	Activity
	
	60% Model Review

	
	G1050
	Activity
	
	30% Model Review

	
	PM0012
	Activity
	
	30% Model Review

	Achieved Industrial Standards
	EP1120
	Activity
	
	90% Model Review

	
	CC1660
	Activity
	
	Pipe Pre-fabrication - Lot 1 (CS 20", 6-10")

	
	EP1110
	Activity
	
	IPF (SIL Review)

	
	A31720
	Activity
	Piping
	Piping Pre-fabrication (CS 20" and above)

	
	EP1100
	Activity
	
	60% Model Review



Closeness Centrality
Figure 10.46 presents the results for the Closeness Centrality analysis of the Process Innovation Ego Networks.
a)
b)
c)
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[bookmark: _Toc72704275]Figure 10.46: Closeness Centrality of Innovation Outcome “Reduced Production Cost” (a), “Improved Procurement Activities” (b) and “Achieved Industrial Standards” (c)

The plots in Figure 10.46 present a similar pattern: there is a significant number of nodes with zero Closeness, but the rest of them tend to present a closeness centrality higher than 0.25. These results are in line with what was previously observed. 
Figure 10.47 presents the results for Closeness Centrality according to the node type.

[image: ][image: ][image: ]a)
b)
c)

I
[image: ][image: ][image: ]c)
b)
a)

IIc)
b)
a)

[image: ][image: ][image: ]
III
[bookmark: _Toc72704276]Figure 10.47: Closeness Centrality for Innovation Outcome “Reduced Production Cost” (I), “Meets Health and Safety Requirements” (II) and “Achieved Industrial Standards” (III) according to node type

Figures 10.47 I b), 10.47 II b) and 10.47 III b) show that Innovation Outcome have zero closeness centrality, like was observed before for the other phases of the EPC Project. 
Figures 10.47 I c), 10.47 II c) and 10.47 III c) show that Stakeholders tend to play a central role in the Ego Networks here studied, which is in accordance with what was previously observed. Table 10.29 summarises the values presented in Figure 10.47 across the different node types.

[bookmark: _Toc72704418]Table 10.29: Closeness Centrality relevant values of the Innovation Outcomes’ Ego Networks, according to node types (Activity, Innovation Outcome and Stakeholder)
	Innovation Outcome
	Metric
	Global
	Activities
	Innovation Outcomes
	Stakeholders

	Reduced Production Cost
	Maximum
	1
	1
	0
	~0.91

	
	Mean
	~0.59
	~0.56
	0
	~0.72

	
	Mode
	1
	1
	0
	~0.67

	
	Minimum
	0
	0
	0
	~0.44

	Meets Health and Safety Requirements
	Maximum
	1
	1
	0
	~0.86

	
	Mean
	~0.50
	~0.44
	0
	~0.55

	
	Mode
	0
	0
	0
	~0.53

	
	Minimum
	0
	0
	0
	~0.32

	Achieved Industrial Standards
	Maximum
	1
	1
	0
	~0.97

	
	Mean
	~0.53
	~0.52
	0
	~0.58

	
	Mode
	0
	0
	0
	~0.79

	
	Minimum
	0
	0
	0
	~0.22



Figure 10.48 presents the impact of Closeness Centrality in the studied social ego networks: larger nodes indicate a higher Closeness Centrality.
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[bookmark: _Toc72704277]Figure 10.48: Ego Networks affected by Closeness Centrality for Innovation Outcomes “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)

Figure 10.48 shows that Activity nodes gain relevance on the Networks presented and that they are followed by Stakeholder nodes. Table 10.30 shows the five nodes with higher Closeness centrality for the three Product Innovation Outcomes (“Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”).


[bookmark: _Toc72704419]Table 10.30: Five Nodes with Higher Closeness Centrality for this Innovation Outcomes’ Ego Networks
	Closeness Centrality

	Innovation Outcome
	Node
	Type
	WBS Task Name
	Project Activity Description

	Reduced Production Cost
	B.02
	Activity
	
	Issue Purchase Orders for Air Coolers, Metering Skid Package and K.O Drums (NOTE-3)

	
	D.10
	Activity
	
	Complete Hydro testing of Pipeline including Drying & Purging

	
	A29360
	Activity
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule & etc.)

	
	A1360
	Activity
	Suction KO drum
	Prepare and Issue MR

	
	A1480
	Activity
	Portable water tank
	Prepare and Issue MR

	Meets Health and Safety Requirements
	A.01
	Activity
	
	Complete HAZOP / SIL Reviews for all facilities and submit Reports - ICR

	
	CC1650
	Activity
	Piling Civil and Steel Structure Works
	Civil Final works -Pavings, etc..

	
	CC1660
	Activity
	Piping
	Pipe Pre-fabrication - Lot 1 ( CS 20", 6-10")

	
	CC1730
	Activity
	Piping
	Pipe Pre-fabrication - Lot 1 ( CS 20", 6-10")

	
	A.02
	Activity
	Piping
	Pipe Pre-fabrication - Lot 1 ( CS 20", 6-10")

	Achieved Industrial Standards
	A.01
	Activity
	
	Complete HAZOP / SIL Reviews for all facilities and submit Reports - ICR

	
	D.10
	Activity
	
	Complete Hydro testing of Pipeline including Drying & Purging

	
	A1360
	Activity
	Suction KO drum
	Prepare and Issue MR

	
	A1420
	Activity
	Flare package
	Prepare and Issue MR

	
	A1480
	Activity
	Portable water tank
	Prepare and Issue MR



Comparison of Centrality Metrics
Figure 10.49 presents an ensemble of the social network metrics that were analysed separately earlier: Degree Centrality, Betweenness Centrality and Closeness Centrality.
a)
b)
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[bookmark: _Toc72704278]Figure 10.49: Ego Networks summary of Centrality metrics: Innovation Outcome “Reduced Production Cost” (a), “Meets Health and Safety Requirements” (b) and “Achieved Industrial Standards” (c)


Figure 10.49 shows that most of the nodes across all the three Ego Networks present a Closeness Centrality higher than 0.25. Also, across all three Innovation Outcomes, there are some Activity nodes which present high value for the three centrality metrics analysed. Considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network, the most influential Stakeholder nodes of Innovation Outcome “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards” are the ones present in Table 10.31.




[bookmark: _Toc72704420]Table 10.31: Five Stakeholder nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards’ Ego Networks
	Stakeholder Nodes

	Innovation Outcome
	Description
	Degree
	Closeness

	Reduced Production Cost
	SH76 – Sr. QA/QC Engineer
	64
	0.910256

	
	SH55 – Project Manager
	95
	0.892562

	
	SH60 – QA/QC Manager
	93
	0.890756

	
	SH5 – Sr. Construction Engineer
	27
	0.885714

	
	SH56 – Construction Manager
	27
	0.885714

	Meets Health and Safety Requirements
	SH70 – Civil Engineer
	10
	0.857143

	
	SH126 – Subcontractor-F&G
	10
	0.857143

	
	SH55 – Project Manager
	32
	0.762712

	
	SH18 – Sr. HSE Engineer
	27
	0.728814

	
	SH78 – Safety Officer, HSE
	9
	0.714286

	Achieved Industrial Standards
	SH76 – Sr. QA/QC Engineer
	188
	0.965347

	
	SH17 – Procurement Engineer
	70
	0.948718

	
	SH78 – Safety Officer, HSE
	65
	0.933333

	
	SH29 – Sr. Engineer, HSE
	70
	0.916667

	
	SH77 – Sr. Engineer, HSE
	68
	0.895349



In terms Activities influence on Innovation Outcomes “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”, Table 10.32 presents those which have high Betweenness, high Closeness and high Degree. 

[bookmark: _Toc72704421]Table 10.32: Five Activity nodes with High values of Degree and Closeness in the “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards’ Ego Networks
	Activity Nodes

	Innovation Outcome
	WBS Name
	Description
	Degree
	Closeness

	Reduced Production Cost
	Discharged Cooler
	Prepare and Issue MR
	15
	0.600000

	
	Piping
	Hot Tap work (Preparation and Execution)
	36
	1.000000

	
	Pipeline Design Basis
	Issue as IFC
	21
	0.923077

	
	Pipeline Design Basis
	Issue as IFC
	11
	1.000000

	
	Piping
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)
	34
	0.769231

	Meets Health and Safety Requirements
	
	90% Model Review
	45
	0.928571

	
	
	IPF (SIL Review)
	50
	0.435897

	
	
	60% Model Review
	38
	0.560000

	
	
	30% Model Review
	33
	0.405405

	
	HSE Walk down
	HSE Management Walk down (Week 25-Week67)
	25
	1.000000

	Achieved Industrial Standards
	
	90% Model Review
	38
	0.377358

	
	Piping
	Pipe Pre-fabrication - Lot 1 (CS 20", 6-10")
	33
	0.355556

	
	Piping
	IPF (SIL Review)
	50
	0.260870

	
	Piping
	Piping Pre-fabrication (CS 20" and above)
	37
	0.428571

	
	
	60% Model Review
	37
	0.295775


[bookmark: _Toc73431557]Results Triangulation
According to Saunders et al. (2012), it is common in recent studies to perform Triangulation. The term triangulation indicates the use of primary and secondary data and it is used to increase the credibility and validity of research findings Cohen et al. (2017). Triangulation study was performed to understand the level of agreement among project stakeholders of the social network study findings. Since the study objective is to explore the influence of project stakeholders in an EPC project environment, it was therefore chosen as the most appropriate setting to perform the triangulation study.
In order to validate the data, the researcher decided to distribute Questionnaire Survey to a wider population of project stakeholders (project alpha). The survey was circulated to more than 300 persons and the feedback was received from 63 people at a response rate of 21%.  While Bennett and Nair (2010) indicated that a response rate of 30% is considered reliable, Walstrom and Wilson (1997) confirmed in their research that a response of 14.4% is acceptable to obtain reliable data from certain population. 
The outcome of this study, exploring the influence of stakeholders on process and product innovation in EPC projects, was produced in two parts. The first part objective was to explore the level of influence on process innovation, while the second part was to explore the level of influence on product innovation. 
The six innovation outcomes identified in the literature were selected to form the study questionnaire. Whereas the first three questions were related to stakeholders impact on process innovation outcomes (reduction of the project duration, improving the procurement activities and reducing the project cost), the last three questions were related to stakeholders impact on product innovation outcomes (reducing production cost, complying with health and safety requirements and achieving the industrial standards). The results for the stakeholders’ impact were averaged and ranked as shown in Figure 10.50. 
The analysis of Process Innovation Outcomes and Product Innovation Outcomes show that Project Manager and Sr. QA/QC Engineer are the stakeholders that contribute most towards Product Innovation Outcomes while Project manager and Engineering Manager contribute most towards Process Innovation outcomes.  The Triangulation study performed to identify the biggest contributors on Process and Product Innovation during the entire EPC duration also ranked Project Manager and Sr. QA/QC Engineer as the highest contributing stakeholders on Product Innovation Outcomes. Project Manager and Engineering Manager were confirmed as most contributing stakeholders on Process Innovation Outcomes (Figure 10.50).
Therefore, the outcome of this activity validates to a great extent the findings of the social network analysis study.
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[bookmark: _Toc72704279]Figure 10.50 Stakeholders ranked highest in terms of contribution to Product and Process Innovation
[bookmark: _Toc73431558]Summary
In this chapter, an analysis of the social network of Activities, Stakeholders and Innovation Outcomes of the EPC project was performed using the same format used for Engineering, Procurement and Construction Phases. It was observed that some Activity nodes tend to present a high Betweenness Centrality and that some Stakeholder nodes tend to present a high Closeness Centrality. After an initial overview of the EPC Social Network, this chapter presented the detailed analysis for the Innovation Outcomes. This analysis was divided in two sections, Process Innovation Outcomes and Product Innovation Outcomes, as was done in previous chapters. It was observed that Project Manager and Sr. QA/QC Engineer are the stakeholders that present a high influence on Innovation Outcomes. Results from the quantitative survey confirmed Project manager and Sr. QA/QC Engineer as the highest  ranked stakeholders influencing innovation outcomes.


[bookmark: _Toc73431559]Discussion
[bookmark: _Toc73431560]Introduction
This chapter presents a discussion of the main research questions addressed in this thesis. Throughout the following sections, a discussion on the findings and an interpretation of the results of the previous chapter will be addressed. Each of the seven research questions will have a dedicated section. Given the fact that the analysis on the Innovation Outcomes was grouped into Product and Process Innovation, there will be similar sections in this chapter, each for the explanation of each group’s results.


[bookmark: _Toc73431561]Research Question 1
“Who are the most influential stakeholders on process innovation in EPC project during the entire project as well as each phase of the project?”

[bookmark: _Hlk41585915][bookmark: _Hlk41585867]The first research question focuses on identifying the most influential stakeholders on process innovation. This identification was previously performed based on different Social Network Analysis metrics across four different chapters: one regarding the Social Network formed by the Activities, Innovation Outcomes and Stakeholders of the Engineering Phase, the Procurement Phase, the Construction Phase and finally the whole EPC Project. 

[bookmark: _Hlk41586831]Of the three metrics calculated for all the nodes of all the Innovation Outcomes’ Ego Networks and of the EPC Social Network two, namely Degree Centrality and Closeness Centrality, allowed the identification of the most influential Stakeholders. This is because Stakeholder nodes do not present a value of Betweenness Centrality higher than zero. This occurs because in this EPC project, Stakeholders typically interact with Activity or Innovation Outcome nodes as a way of starting information flow that ends in Innovation. For instance, in the Engineering Phase Ego Network of Product Innovation Outcome “Reduced Production Cost”, Stakeholder SH68 (“Engineer, Pipeline”) interacts directly with Activity Node A20390 (“Data Sheet for pipeline Manual valve - Issue as IFC”) which can generate Innovation. In other words, the Stakeholder is always someone who initiates the information flow and interaction which can result in Innovation. This means that these types of nodes cannot play the role of bridges in any social network of this EPC Project. This means that the Betweenness Centrality is always zero for Stakeholder nodes. This was widely seen for the analysis in the Engineering Phase, Procurement Phase, Construction Phase and EPC Analysis’ chapters.

With Betweenness Centrality excluded to measure influence, two other metrics left are Degree and Closeness Centrality. The first, as explained before, is the number of connections between a certain node and the other nodes in the Social Network, which can then be divided into In-Degree Centrality (incoming links) and Out-Degree Centrality (outgoing connections). The second measures the way in which a node is central in the network, meaning that a high value of Closeness Centrality implies a high capability of accessing information as processes tend to flow through the node. Based on these two metrics, a simple ranking was built considering that Degree Centrality played a more important role on it since Ego Networks tend to be small in terms of number of nodes. In that regard, the more connections a Stakeholder presents, the more influence it can present. Closeness Centrality can also play an important role as it can be associated with the quality of Innovation created since it can be generated with a clearer view of flow of information on the network. 

Most Influential Stakeholders on Process Innovation in the Engineering Phase
Focusing on the Engineering Phase, the results on Table 7.22 were expanded on Table 11.1. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Process Innovation of the Engineering Phase.



[bookmark: _Toc72704422]Table 11.1: Top Ten Most Influential Stakeholders on Process Innovation in the Engineering Phase
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH62
	54
	0.92
	12
	0.8
	121
	0.96
	62
	0.89

	SH63
	53
	0.91
	7
	0.73
	108
	0.93
	56
	0.86

	SH67
	38
	0.88
	6
	0.69
	82
	0.93
	42
	0.83

	SH73
	32
	0.80
	7
	0.73
	64
	0.87
	34
	0.80

	SH65
	30
	0.75
	7
	0.73
	66
	0.79
	34
	0.76

	SH72
	29
	0.76
	10
	0.78
	51
	0.82
	30
	0.79

	SH15
	10
	0.47
	-
	-
	45
	0.55
	27.5
	0.51

	SH55
	16
	0.57
	8
	0.75
	56
	0.77
	26
	0.70

	SH64
	30
	0.77
	3
	0.64
	45
	0.8
	26
	0.73

	SH60
	13
	0.76
	8
	0.75
	54
	0.94
	25
	0.82



Table 11.1 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.2 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704423]Table 11.2: Top Ten Most Influential Stakeholders on Process Innovation in the Engineering Phase - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH62
	Engineering Manager
	62
	0.89

	SH63
	Sr. Process Engineer
	56
	0.86

	SH67
	Senior Engineer, Piping
	42
	0.83

	SH73
	Sr. Engineer I&C
	34
	0.80

	SH65
	Senior Engineer, Static Equipment
	34
	0.76

	SH72
	Sr. Electrical Engineer
	30
	0.79

	SH15
	Sr.Piping & Pipeline Engineer
	27.5
	0.51

	SH55
	Project Manager
	26
	0.70

	SH64
	Senior Engineer, Rotating Equipment
	26
	0.73

	SH60
	QA/QC Manager
	25
	0.82



Table 11.2 shows that the Engineering Manager is the most influential Stakeholder on Process Innovation in the Engineering Phase. This result is understandable since the Engineering Manager is typically in charge of many Engineering Tasks and in contact with many other Stakeholders. With a high number of interactions and the central position on the Network of the Engineering Phase, the Engineering Manager has a very informed view of the Network, being able to detect opportunities to innovate, across the many tasks he is connected to. Given Hau et al.’s (2013) perspective that knowledge in an organization resides in a network of social relationships, and Kim et al.’s (2012) view that it is embedded in work routines, as the Engineering manager interacts with more project stakeholders, knowledge sharing ensues and in process enhancing that position’s influence on innovation.

Most Influential Stakeholders on Process Innovation in the Procurement Phase
Following the procedure of the previous subsection and focusing now on the Procurement Phase, the results on Table 8.19 were expanded on Table 11.3. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Process Innovation of the Procurement Phase.
[bookmark: _Toc72704424]Table 11.3: Top Ten Most Influential Stakeholders on Process Innovation in the Procurement Phase
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH59
	25
	0.88
	24
	0.90
	-
	-
	24.5
	0.88

	SH17
	23
	0.87
	23
	0.87
	-
	-
	23
	0.87

	SH1
	17
	0.69
	17
	0.69
	-
	-
	17
	0.69

	SH55
	10
	0.59
	9
	0.58
	-
	-
	9.5
	0.59

	SH54
	7
	0.56
	7
	0.56
	-
	-
	7
	0.56

	SH2
	3
	0.54
	3
	0.54
	-
	-
	3
	0.54

	SH4
	3
	0.54
	3
	0.54
	-
	-
	3
	0.54

	SH16
	-
	-
	-
	-
	2
	0.58
	2
	0.58

	SH28
	-
	-
	-
	-
	2
	0.58
	2
	0.58

	SH37
	-
	-
	-
	-
	1
	0.57
	1
	0,57



Table 11.3 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.4 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704425]Table 11.4: Top Ten Most Influential Stakeholders on Process Innovation in the Procurement Phase - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH59
	Cost Control Manager/Procurement Engineer
	24.5
	0.88

	SH17
	Procurement Engineer
	23
	0.87

	SH1
	Senior Project Manager/Project Manager
	17
	0.69

	SH55
	Project Manager
	9.5
	0.59

	SH54
	Project Director
	7
	0.56

	SH2
	Sr. Project Engineer
	3
	0.54

	SH4
	Sr. Planning Engineer
	3
	0.54

	SH16
	Sr.QA/QC Engineer
	2
	0.58

	SH28
	Sr. QA/QC Engineer
	2
	0.58

	SH37
	Senior Engineer, Piping
	1
	0.57



[bookmark: _Hlk42150472]Table 11.4 shows that the Cost Control Manager/Procurement Engineer is the most influential Stakeholder on Process Innovation in the Procurement Phase. This result is understandable, since this role belongs to a Stakeholder who has influence in decision making in the Procurement Phase of an EPC Project. The Cost Control Manager/Procurement Engineer presents a high number of connections and is a central figure in the Social Network of this Phase, which means that this Stakeholder has access to many tasks and a high visibility of the information flowing in it. Linking the high number of connections to influence on innovation is consistent with Hau et al. (2013) and Kim et al. (2012) as already alluded to in the case of the Engineering Manager during the Engineering Phase. That the highest level of influence has moved to Cost Control Manager / Procurement Engineer confirm Eyiah-Botwe, Aigbavboa and Thwala’s (2016) and Olander (2006) view that because of the complexity of projects, a stakeholder’s influence may change across the various phases.

Most Influential Stakeholders on Process Innovation in the Construction Phase
Following the procedure of the previous subsections and focusing now on the Construction Phase, the results on Table 9.19 were expanded on Table 11.5. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Process Innovation of the Construction Phase.

[bookmark: _Toc72704426]Table 11.5: Top Ten Most Influential Stakeholders on Process Innovation in the Construction Phase
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH5
	52
	0.91
	23
	0.87
	-
	-
	37.5
	0.89

	SH56
	51
	0.89
	23
	0.87
	-
	-
	37
	0.88

	SH18
	36
	0.88
	-
	-
	-
	-
	36
	0.88

	SH29
	35
	0.86
	-
	-
	-
	-
	35
	0.86

	SH76
	35
	0.86
	-
	-
	-
	-
	35
	0.86

	SH77
	35
	0.86
	-
	-
	-
	-
	35
	0.86

	SH78
	35
	0.86
	-
	-
	-
	-
	35
	0.86

	SH16
	32
	0.85
	-
	-
	-
	-
	32
	0.85

	SH28
	32
	0.82
	-
	-
	-
	-
	32
	0.82

	SH79
	31
	0.82
	-
	-
	-
	-
	31
	0.82



Table 11.5 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.6 solves this issue, showing only the descriptions and the values considered for the ranking presented above.





[bookmark: _Toc72704427]Table 11.6: Top Ten Most Influential Stakeholders on Process Innovation in the Construction Phase - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH5
	Sr. Construction Engineer
	37.5
	0.89

	SH56
	Construction Manager
	37
	0.88

	SH18
	Sr. HSE Engineer
	36
	0.88

	SH29
	Sr. Engineer, HSE
	35
	0.86

	SH76
	Sr. QA/QC Engineer
	35
	0.86

	SH77
	Sr. Engineer, HSE
	35
	0.86

	SH78
	Safety Officer, HSE
	35
	0.86

	SH16
	Sr.QA/QC Engineer
	32
	0.85

	SH28
	Sr. QA/QC Engineer
	32
	0.82

	SH79
	QA/QC Inspector-Civil
	31
	0.82



Table 11.6 shows that the Sr. Construction Engineer is the most influential Stakeholder in the Construction Phase. Looking at the results of the previous subsections, this was expected, as the Sr. Construction Engineer is a stakeholder which has many connections and direct interventions on many tasks, thus allowing him to have a clear view of the information flowing on the Network. The access to the information and to the other nodes create an environment in which innovation can occur. The findings confirm Hau et al. (2013) and Kim et al. (2012) as observed for Engineering and Procurement Phases. Further they confirm the context sensitivity and therefore fluidity of stakeholder influence as noted by Eyiah-Botwe, Aigbavboa and Thwala (2016) and Olander (2006). 




Most Influential Stakeholders on Process Innovation in the EPC Project
Following the procedure of the previous subsections and focusing now on the whole EPC Project, the results on Table 9.19 were expanded on Table 11.5. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Process Innovation of the EPC Project.

[bookmark: _Toc72704428]Table 11.7: Top Ten Most Influential Stakeholders on Process Innovation in the EPC Project
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH62
	54
	0.75
	12
	0.70
	123
	0.81
	63
	0.75

	SH55
	54
	0.64
	46
	0.73
	86
	0.81
	62
	0.73

	SH63
	53
	0.74
	7
	0.64
	108
	0.79
	56
	0.72

	SH76
	55
	0.85
	-
	-
	-
	-
	55
	0.85

	SH15
	21
	0.53
	-
	-
	75
	0.62
	48
	0.57

	SH29
	47
	0.86
	-
	-
	-
	-
	47
	0.86

	SH1
	60
	0.66
	46
	0.66
	33
	0.47
	46
	0.60

	SH59
	41
	0.56
	37
	0.69
	56
	0.72
	45
	0.66

	SH78
	43
	0.88
	-
	-
	-
	-
	43
	0.88

	SH5
	61
	0.79
	24
	0.73
	-
	-
	43
	0.76



Table 11.7 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.8 solves this issue, showing only the descriptions and the values considered for the ranking presented above.
[bookmark: _Toc72704429]Table 11.8: Top Ten Most Influential Stakeholders on Process Innovation in the EPC Project - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH62
	Engineering Manager
	63
	0.75

	SH55
	Project Manager
	62
	0.73

	SH63
	Sr. Process Engineer
	56
	0.72

	SH76
	Sr. QA/QC Engineer
	55
	0.85

	SH15
	Sr.Piping & Pipeline Engineer
	48
	0.57

	SH29
	Sr. Engineer, HSE
	47
	0.86

	SH1
	Senior Project Manager/Project Manager
	46
	0.60

	SH59
	Cost Control Manager/Procurement Engineer
	45
	0.66

	SH78
	Safety Officer, HSE
	43
	0.88

	SH5
	Sr. Construction Engineer
	43
	0.76



From Table 11.8 results it can be observed that Engineering Manager is the most influential Stakeholder node in the whole EPC Social Network. He/she is followed closely by the Project Manager. The fact that these two Stakeholders present high influence in the network regarding innovation is understandable since they are top decision makers in the EPC Project. Being in this position allows them to have direct access to several different tasks as well as access to information flow that can lead to Innovation. This is consistent with Shokri et al. (2015) view that in an EPC project, the state of relationships as seen through communication, coordination and collaboration affect stakeholder influence on innovation. The informed positions of the two stakeholders (Engineering Manager and Project Manager) are derived from interfacing with many other project stakeholders which increases the positions’ social capital through information sharing. Shen et al. (2018) underline the importance of information sharing among network stakeholders, which includes interface management and conflict resolution for innovation to occur.  The two positions therefore confirm Prester et al.’s (2016) view that process innovation is derived from internal social capital.
  
Summary
[bookmark: _Hlk41567184]To summarise Research Question 1, it is important to note that the conclusions reached in the previous subsections point that top decision makers in an EPC Project tend to be the ones with more influence in the network built with all the activities and stakeholders participating in the project. In this instance, it is decision makers responsible for the three process innovation outcomes identified as reduced implementation time, improved procurement activities and reduced operational cost. This is in line with their capability to have direct access to a high and wide range of activities, as well as be in constant contact with the information flowing throughout the network, a situation which in literature has been associated with influencing process innovation. This conclusion is valid both if the analysis is separated by Phases and if considered as a whole project. The only change is that in the first option, top decision makers related to each phase’s line of work are the ones showing a higher influence on the phase’s network. This means that Process Innovation in an EPC Project can occur at a macro level, considering top decision makers of the EPC Project heavily involved in it, and at a micro level, considering the EPC Project work divided by its phases. This confirms Hassan Al-Ali’s (2017) view that innovation depends on individuals within the network of stakeholders sharing information which constitutes that network’s social capital. Each phase of the EPC project has social networks specific to it and in which some stakeholders have access to more information than others making them the most influential on process innovation in that network. Further, the findings confirm Jonas et al. (2018) finding that a stakeholder’s position in the hierarchy influences their engagement and therefore level of influence. 

[bookmark: _Toc73431562]Research Question 2
“Who are the most influential stakeholders on product innovation in EPC project during the entire project as well as each phase of the project?”

The second research question focuses on identifying the most influential stakeholders on product innovation. According to the classification made for this EPC Project, the Product Innovation Outcomes are the following: “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”. These three Innovation Outcomes were studied in the previous four chapters based on different Social Network Analysis metrics namely Degree Centrality, Closeness Centrality and Betweenness Centrality. Based on explained observations, Betweenness Centrality was excluded from the metrics which allowed the identification of the most influential Stakeholders on the Engineering, Procurement and Construction Phases and on the EPC Project as a whole. This was because Betweenness Centrality had always presented a zero value as addressed in the previous section of this Chapter.  

A simple ranking was built from the other two metrics. Degree Centrality played a more important role on the ranking since Ego Networks tend to be small in terms of number of nodes. In that regard, the more connections a Stakeholder presents the more influence they have. Closeness Centrality can also play an important role and can be associated with the quality of Innovation created since it can be generated with a clearer view of information flow on the network. 

Most Influential Stakeholders on Product Innovation in the Engineering Phase
Focusing on the Engineering Phase, the results on Table 7.33 were expanded on Table 11.9. This table presents the Top 10 most influential Stakeholders considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Product Innovation of the Engineering Phase.





[bookmark: _Toc72704430]Table 11.9: Top Ten Most Influential Stakeholders on Product Innovation in the Engineering Phase
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH62
	54
	0.75
	12
	0.70
	123
	0.81
	63
	0.75

	SH55
	54
	0.64
	46
	0.73
	86
	0.81
	62
	0.73

	SH63
	53
	0.74
	7
	0.64
	108
	0.79
	56
	0.72

	SH76
	55
	0.85
	-
	-
	-
	-
	55
	0.85

	SH15
	21
	0.53
	-
	-
	75
	0.62
	48
	0.57

	SH29
	47
	0.86
	-
	-
	-
	-
	47
	0.86

	SH1
	60
	0.66
	46
	0.66
	33
	0.47
	46
	0.60

	SH59
	41
	0.56
	37
	0.69
	56
	0.72
	45
	0.66

	SH78
	43
	0.88
	-
	-
	-
	-
	43
	0.88

	SH5
	61
	0.79
	24
	0.73
	-
	-
	43
	0.76




Table 11.9 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.10 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704431]Table 11.10: Top Ten Most Influential Stakeholders on Product Innovation in the Engineering Phase - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH62
	Engineering Manager
	63
	0.75

	SH55
	Project Manager
	62
	0.73

	SH63
	Sr. Process Engineer
	56
	0.72

	SH76
	Sr. QA/QC Engineer
	55
	0.85

	SH15
	Sr.Piping & Pipeline Engineer
	48
	0.57

	SH29
	Sr. Engineer, HSE
	47
	0.86

	SH1
	Senior Project Manager/Project Manager
	46
	0.60

	SH59
	Cost Control Manager/Procurement Engineer
	45
	0.66

	SH78
	Safety Officer, HSE
	43
	0.88

	SH5
	Sr. Construction Engineer
	43
	0.76



As in the case of Process Innovation, the most influential Stakeholder in the Engineering Phase of product innovation is the Engineering Manager. The justification for this result is like the one presented in the previous section, especially because the Social Network Metrics are similar in both cases. So, it can be concluded that the Engineering Manager is someone who can have direct influence on Innovation, both in terms of Product and Process, due to the fact that he has many connections and a high visibility of information flow on the Engineering Phase Network. This is consistent with Scafuto et al. (2018) view that there is a connection between process innovation and product innovation as the latter can be used as an outcome of the former. In this instance, since the Engineering Manager was found to have the biggest influence on process innovation in the Engineering phase, it is a natural progression for the same influence to extend to product innovation.

Most Influential Stakeholders on Product Innovation in the Procurement Phase
Focusing on the Procurement Phase, the results on Table 8.30 were expanded on Table 11.11. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Product Innovation of the Procurement Phase.

[bookmark: _Toc72704432]Table 11.11: Top Ten Most Influential Stakeholders on Product Innovation in the Procurement Phase
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH60
	-
	-
	-
	-
	98
	0,97
	98
	0,97

	SH55
	-
	-
	4
	0,83
	99
	0,99
	51,5
	0,91

	SH76
	-
	-
	2
	0,63
	98
	0,99
	50
	0,81

	SH37
	-
	-
	-
	-
	50
	0,67
	50
	0,67

	SH17
	23
	0,87
	-
	-
	49
	0,98
	36
	0,93

	SH16
	-
	-
	1
	0,56
	52
	0,67
	26,5
	0,61

	SH15
	-
	-
	1
	0,60
	51
	0,67
	26
	0,64

	SH59
	25
	0,88
	-
	-
	-
	-
	25
	0,88

	SH28
	-
	-
	1
	0,56
	48
	0,67
	24,5
	0,61

	SH54
	-
	-
	-
	-
	21
	0,96
	21
	0,96



Table 11.11 presents the Labels of the nodes instead of their descriptions to facilitate visualisation. Table 11.12 solves this issue, showing only the descriptions and the values considered for the ranking presented above.




[bookmark: _Toc72704433]Table 11.12: Top Ten Most Influential Stakeholders on Product Innovation in the Procurement Phase - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH60
	QA/QC Manager
	98
	0.97

	SH55
	Project Manager
	51.5
	0.91

	SH76
	Sr. QA/QC Engineer
	50
	0.81

	SH37
	Senior Engineer, Piping
	50
	0.67

	SH17
	Procurement Engineer
	49
	0.98

	SH16
	Sr.QA/QC Engineer
	26.5
	0.61

	SH15
	Sr.Piping & Pipeline Engineer
	26
	0.64

	SH59
	Cost Control Manager/Procurement Engineer
	25
	0.88

	SH28
	Sr. QA/QC Engineer
	24.5
	0.61

	SH54
	Project Director
	21
	0,96



Contrary to what happened in the previous subsection, the results here are different from those of Process Innovation in the Procurement Phase. The Cost Control Manager/Procurement Engineer is also on the Top 10 most influential Stakeholders, however there are many others with higher ranking in terms of influence, considering the metrics applied in this thesis. This is explainable by the fact that the focus here is on Product Innovation and so the quality of the product seems to be one of the most important traits for the Procurement Phase so the QA/QC Manager gains relevance. In fact, this node presents 98 connections to other nodes and a very central role in the network. This confirms Prester et al.’s (2016) findings that the highest impact on product innovation involves external social capital. Kahn (2018) explained this as resulting from product innovation’s involving multiple things such as providing a new product, significantly changing the characteristics of a product, product improvements, line extensions; new markets and new uses. Further, that the most influential position is closely contested by three position holders confirms Marin and Wellman’s (2011) view that when employees from different organisations work in conjunction, this creates a convergence of different forms of knowledge leading to innovation.  

Most Influential Stakeholders on Product Innovation in the Construction Phase
Focusing on the Construction Phase, the results on Table 9.19 were expanded on Table 11.13. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Product Innovation of the Construction Phase.

[bookmark: _Toc72704434]Table 11.13: Top Ten Most Influential Stakeholders on Product Innovation in the Construction Phase
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH76
	98
	0.99
	-
	-
	98
	0.99
	98
	0.99

	SH60
	98
	0.97
	-
	-
	98
	0.97
	98
	0.97

	SH55
	99
	0.99
	10
	0.59
	99
	0.99
	69.3
	0.86

	SH16
	52
	0.67
	-
	-
	52
	0.67
	52
	0.67

	SH15
	51
	0.67
	-
	-
	51
	0.67
	51
	0.67

	SH37
	50
	0.67
	-
	-
	50
	0.67
	50
	0.67

	SH28
	48
	0.67
	-
	-
	48
	0.67
	48
	0.67

	SH17
	49
	0.98
	23
	0.87
	49
	0.98
	40.3
	0.94

	SH33
	18
	0.65
	-
	-
	18
	0.65
	18
	0.65

	SH42
	17
	0.66
	-
	-
	17
	0.66
	17
	0.66


Table 11.13 presents the Labels of the nodes instead of their descriptions to facilitate visualisation. Table 11.14 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704435]Table 11.14: Top Ten Most Influential Stakeholders on Product Innovation in the Construction Phase - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH76
	Sr. QA/QC Engineer
	98
	0.99

	SH60
	QA/QC Manager
	98
	0.97

	SH55
	Project Manager
	69.3
	0.86

	SH16
	Sr.QA/QC Engineer
	52
	0.67

	SH15
	Sr.Piping & Pipeline Engineer
	51
	0.67

	SH37
	Senior Engineer, Piping
	50
	0.67

	SH28
	Sr. QA/QC Engineer
	48
	0.67

	SH17
	Procurement Engineer
	40.3
	0.94

	SH33
	Sr. Process Engineer
	18
	0.65

	SH42
	Sr. Electrical Engineer
	17
	0.66



Once again, the most influential Stakeholder differs from that of Process Innovation for the Construction Phase. In subsection 11.2.3, it was explained why the Sr. Construction Engineer was the most influential Stakeholder in terms of Process Innovation. Here, as the focus is on Product, the result is more like the one presented on the previous subsection than on the Process Innovation. Given that, quality of the product seems to play an important role in Product Innovation, the Sr. QA/QC Engineer is the most influential Stakeholder in the Construction Phase. This is understandable, since construction requires Engineering, and hence this Stakeholder is higher than the QA/QC Manager in the ranking of Table 11.14. The Sr. QA/QC Engineer presents a significant number of connections in the Network, as well as a very central position in it, which facilitates his/her influence in Innovation Outcomes. The findings confirm the already noted Eyiah-Botwe, Aigbavboa and Thwala’s (2016) observation on the flexibility of stakeholder influence based on the phase of a project. 

Most Influential Stakeholders on Product Innovation in the EPC Project
Following the procedure of the previous subsections and focusing now on the whole EPC Project, the results on Table 10.31 were expanded on Table 11.15. This table presents the Top 10 most influential Stakeholders, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Stakeholders was based on the average value that each Stakeholder node presented across the three Ego Networks of Product Innovation of the EPC Project.

[bookmark: _Toc72704436]Table 11.15: Top Ten Most Influential Stakeholders on Product Innovation in the EPC Project
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	SH55
	54
	0.64
	32
	0.76
	210
	0.69
	99
	0.70

	SH76
	55
	0.85
	15
	0.70
	188
	0.97
	86
	0.84

	SH60
	15
	0.55
	20
	0.67
	209
	0.73
	81
	0.65

	SH62
	54
	0.75
	23
	0.66
	141
	0.61
	73
	0.67

	SH59
	41
	0.56
	20
	0.49
	144
	0.51
	68
	0.52

	SH16
	47
	0.77
	10
	0.55
	138
	0.76
	65
	0.69

	SH28
	38
	0.74
	10
	0.54
	133
	0.76
	60
	0.68

	SH18
	58
	0.65
	27
	0.73
	86
	0.88
	57
	0.75

	SH15
	21
	0.53
	8
	0.59
	128
	0.55
	52
	0.56

	SH56
	61
	0.78
	18
	0.67
	67
	0.85
	49
	0.76


Table 11.15 presents the Labels of the nodes instead of their descriptions to facilitate visualisation. Table 11.16 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704437]Table 11.16: Top Ten Most Influential Stakeholders on Product Innovation in the EPC Project - Summary
	Stakeholder Nodes
	Average Values

	Label
	Description
	Degree Centrality
	Closeness Centrality

	SH55
	Project Manager
	99
	0.70

	SH76
	Sr. QA/QC Engineer
	86
	0.84

	SH60
	QA/QC Manager
	81
	0.65

	SH62
	Engineering Manager
	73
	0.67

	SH59
	Cost Control Manager/Procurement Engineer
	68
	0.52

	SH16
	Sr.QA/QC Engineer
	65
	0.69

	SH28
	Sr. QA/QC Engineer
	60
	0.68

	SH18
	Sr. HSE Engineer
	57
	0.75

	SH15
	Sr.Piping & Pipeline Engineer
	52
	0.56

	SH56
	Construction Manager
	49
	0.76



According to the metrics chosen and the results presented above, the most influential Stakeholder in the EPC Project for Product Innovation is the Project Manager. Table 11.16 shows that high in the ranking are also Stakeholders working in the Quality area, which is according to what was previously seen that quality aspects are highly relevant when dealing with Product Innovation.  Quality related Stakeholders therefore gain relevance in the Network. Further, the Project Manager is someone who has an important role in decision making in an EPC Project, for that reason this Stakeholder is highly ranked in other results tables across this and the previous sections meaning that he/she plays an important role in innovation, specifically in Product Innovation.  The Project Manager’s most influential position confirms that the level of influence on innovation in a project results from a stakeholder’s decision making position in the hierarchy determines (Jonas et al., 2018);  their state of relationships with other stakeholders (Shokri et al., 2015); and the  quantity of connections they have (Hau et al., 2013; Kim et al.,  2012).  

Summary
To summarise Research Question 2, it is important to note that the conclusions reached in the previous subsections indicate that top decision makers in an EPC Project tend to be the ones with more influence in the network.  This is in line with what was observed and explained in the previous section, for Process Innovation. This conclusion is also valid if the analysis is separated by Phases as well as if considering the project as a whole. In this case of Product Innovation, Quality area decision makers were more prominent. This indicates that in an EPC project influence on innovation shifts depending on the phase being focused on.  The findings contradict those by Prester et al. (2016) where external social capital was found to have the highest impact on product innovation.

[bookmark: _Toc73431563]Research Question 3
“What is the most influential activity for each phase of EPC project as well as during the entire project on process innovation?”

[bookmark: _Hlk42154334]After answering the first two Research Questions related to Stakeholder nodes, the third question refers to Activity nodes, focusing on the most influential ones on Process Innovation. The identification of these nodes was previously performed based on different Social Network Analysis metrics across four different chapters: one regarding the Social Network formed by the Activities, Innovation Outcomes and Stakeholders of the Engineering Phase, the Procurement Phase, the Construction Phase and finally the whole EPC Project. The procedure was similar to the one followed for identifying the most influential Stakeholder nodes. The exception was that because in Activity nodes the Betweenness Centrality metric presented values different from zero, these were not incorporated in the ranking leading to the most influential nodes. In fact, following the example mentioned in section 11.2, one understands why Activity nodes present the ability to build bridges in the several networks analysed here. The Engineering Phase Ego Network of Product Innovation Outcome, “Reduced Production Cost”, Stakeholder SH68 – “Engineer, Pipeline” – interacts directly with Activity Node A20390 – “Data Sheet for pipeline Manual valve - Issue as IFC” –, which can generate Innovation. In other words, the Activity always bridges the flow of information and interaction which can end in Innovation coming from that Activity and even from other Activity nodes. This means that Betweenness Centrality can differ from zero, as it was widely seen previously in the Engineering Phase, Procurement Phase, Construction Phase and EPC Analysis’ chapters. Despite this, Betweenness Centrality was also excluded for the analysis of Activity nodes influence to maintain the congruence with the procedure used for Stakeholder nodes. Given that two other metrics, Degree and Closeness Centrality, are left. 

Based on this metrics, a simple ranking was built considering that Degree Centrality played a more important role on it since Ego Networks tend to be small in terms of number of nodes. In that regard, the more connections a Stakeholder presents, the more influence they exert. Closeness Centrality can also play an important role since it can be generated with a clearer view of network  information flow, and can be associated with the quality of Innovation created,

Most Influential Activities on Process Innovation in the Engineering Phase
Focusing on the Engineering Phase, the results on Table 7.23 were expanded on Table 11.17. This table presents the Top 10 most influential Activities, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Process Innovation of the Engineering Phase.





[bookmark: _Toc72704438]Table 11.17: Top Ten Most Influential Activities on Process Innovation in the Engineering Phase
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen

	EP1110
	42
	0.55
	-
	-
	50
	0.75
	46
	0.65

	A29360
	44
	1
	-
	-
	-
	-
	44
	1

	PM0005b
	42
	0.63
	-
	-
	-
	-
	42
	0.63

	PM0006b
	42
	0.63
	-
	-
	-
	-
	42
	0.63

	EP1120
	37
	1
	-
	-
	-
	-
	37
	1

	EP1100
	38
	0.83
	-
	-
	35
	1
	36,5
	0.92

	G1050
	33
	0.67
	-
	-
	-
	-
	33
	0.67

	A15130
	-
	-
	-
	-
	28
	0.56
	28
	0.56

	A15690
	-
	-
	-
	-
	26
	0.56
	26
	0.56

	A29520
	-
	-
	13
	0
	38
	0
	25.5
	0.00


	
Table 11.17 presents the Labels of the nodes instead of their descriptions to facilitate visualisation. Table 11.18 solves this issue, showing only the descriptions and the values considered for the ranking presented above.






[bookmark: _Toc72704439]Table 11.18: Top Ten Most Influential Activity on Process Innovation in the Engineering Phase - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	EP1110
	
	IPF (SIL Review)
	46
	0.65

	A29360
	Process Balance Documents
	Issue as IFC
1)  Process Flow Diagram
2) Utility Flow Diagram
3) Block Flow Diagram
4) Process Design Basis & Process Description
5) All other P&IDs
6) Line List (Predecessor for data sheets, tie in list, isometrics & critical line list)
	44
	1

	PM0005b
	Document Review Management
	Reduced deliverable review cycle (From 10 to 3 days)
	42
	0.63

	PM0006b
	Document Review Management
	Across the table approval for critical documents
	42
	0.63

	EP1120
	
	90% Model Review
	37
	1

	EP1100
	
	60% Model Review
	36,5
	0.92

	G1050
	
	30% Model Review
	33
	0.67

	A15130
	Sales Gas Compressor After Cooler Data Sheets
	Receive Company Approval
	28
	0.56

	A15690
	Instrument air receiver Data Sheets
	Receive Company Approval
	26
	0.56

	A29520
	Mechanical (Static/Package unit) Balance Documents
	Issue as IFC
	25.5
	0.00



The most influential Activity node in the Engineering Phase is the node EP1110 which has a description “IPF (SIL Review)”. This Activity has many connections with other nodes and presents a medium Closeness Centrality, which means that this Activity has access to important information flow. Also, this Activity has a broad range of connections, since it does not belong to a specific WBS task. This means that this Activity has access to other activities and nodes belonging to different sectors of the Engineering Phase. Thus, this makes it influential in the network, in terms of Process Innovation. 
Most Influential Activities on Process Innovation in the Procurement Phase
Focusing on the Procurement Phase, the results on Table 8.19 were expanded on Table 11.19. This table presents the Top 10 most influential Activities, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Process Innovation of the Procurement Phase.

[bookmark: _Toc72704440]Table 11.19: Top Ten Most Influential Activities on Process Innovation in the Procurement Phase
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	PM0005
	19
	1
	19
	1
	-
	-
	19
	1

	PM0006
	19
	1
	19
	1
	-
	-
	19
	1

	PM0007
	18
	1
	18
	1
	-
	-
	18
	1

	A5980
	-
	-
	-
	-
	14
	1
	14
	1

	PM0001
	12
	0.91
	12
	0.91
	-
	-
	12
	0.91

	PM0002
	11
	1
	11
	1
	-
	-
	11
	1

	C.01
	9
	0
	9
	0
	-
	-
	9
	0

	PM0004
	8
	1
	8
	1
	-
	-
	8
	1

	C.02
	8
	0
	8
	0
	-
	-
	8
	0

	C.03
	8
	0
	8
	0
	-
	-
	8
	0


Table 11.19 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.20 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704441]Table 11.20: Top Ten Most Influential Activity on Process Innovation in the Procurement Phase - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	PM0005
	Procurement Management
	Weekly Procurement expediting meetings with CONTRACTOR and VENDORS
	19
	1

	PM0006
	Procurement Management
	Daily Procurement Meetings with Vendors
	19
	1

	PM0007
	Procurement Management
	Allocation of Expeditors at Vendor Manufacturing locations
	18
	1

	A5980
	RBI Study
	Prepare and Issue MR
	14
	1

	PM0001
	Vendor Management
	Factory Visit 1 (Critical Equipment-Compressor Package, Instrument Air Package, Flare Package)
	12
	0.91

	PM0002
	Vendor Management
	Factory Visit 2 (33kv Gis Switchgear, ICS,HIPS,Metering Skid)
	11
	1

	C.01
	
	Receive Gas Compressor Packages (Tag # 834-K-101/K-201/K-301) at site
	9
	0

	PM0004
	Vendor Management
	Factory Visit 4 (Piping material-Valves,fittings)
	8
	1

	C.02
	
	Receive Air Coolers, Metering Skid Package, K.O Drums and Air Compressor & Dryer Package at site
	8
	0

	C.03
	
	Receive 33kV & 11kV Switchgears and 33kV/11kV Transformers Instrument Control System (ICS) and HIPS Equipment at site
	8
	0



According to the results presented above, the PM0005 Activity node is the most influential node regarding Process Innovation in the Procurement Phase Social Network. This node is related to the WBS Task “Procurement Management” and its description is “Weekly Procurement expediting meetings with Contractor and Vendors”, which means that this is a recurrent task of Procurement Management that connects many Stakeholders in the EPC Project, as well as many Activities since the description shows that this is a general task. Because this Activity presents an important number of connections (note that the numbers for the Procurement Phase are usually lower as the Network itself is small) to other nodes in the three Process Innovation Outcomes’ Social Networks is perfectly reasonable.

Most Influential Activities on Process Innovation in the Construction Phase
Focusing on the Construction Phase, the results on Table 9.20 were expanded on Table 11.21. This table presents the Top 10 most influential Activities considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Process Innovation of the Construction Phase.

[bookmark: _Toc72704442]Table 11.21: Top Ten Most Influential Activities on Process Innovation in the Construction Phase
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	CC1592
	35
	0.83
	-
	-
	-
	-
	35
	0.83

	A4180
	35
	0.69
	-
	-
	-
	-
	35
	0.69

	CC1591
	34
	0.75
	-
	-
	-
	-
	34
	0.75

	A4174
	34
	0.57
	-
	-
	-
	-
	34
	0.57

	CC1590C
	34
	0.38
	-
	-
	-
	-
	34
	0.38

	CC1588A
	34
	0.23
	-
	-
	-
	-
	34
	0.23

	CC2320
	33
	1.00
	-
	-
	-
	-
	33
	1.00

	A4175
	33
	0.67
	-
	-
	-
	-
	33
	0.67

	CC1590G
	33
	0.50
	-
	-
	-
	-
	33
	0.50

	CC1590E
	33
	0.40
	-
	-
	-
	-
	33
	0.40


Table 11.21 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.22 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704443]Table 11.22: Top Ten Most Influential Activity on Process Innovation in the Construction Phase - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	CC1592
	Mechanical (Equipment)
	Fire water Tank - Final Testing (NDT, RT etc.)
	35
	0.83

	A4180
	Piping
	Hot Tap work (Preparation and Execution)
	35
	0.69

	CC1591
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing (NDT, RT etc.) - Level 5
	34
	0.75

	A4174
	Piping
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)
	34
	0.57

	CC1590C
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing
	34
	0.38

	CC1588A
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing (NDT, RT etc.) - Baseplate
	34
	0.23

	CC2320
	Mechanical (Equipment)
	All Equipment Installation
	33
	1.00

	A4175
	Piping
	Cold Tie-in (Preparation and Execution)
	33
	0.67

	CC1590G
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testig
	33
	0.50

	CC1590E
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing (NDT, RT etc.)
	33
	0.40



Observing Table 11.22, in the Construction Phase, it is can be observed that the Activity CC1592 – Fire water Tank – Final Testing (NDT, RT etc.) is the most influential Activity in the Social Network. Indeed, this Activity node presents the highest aggregate value of the ranking, with links to other 35 nodes and a high closeness in the Network. Table 11.22 also shows that the most influential Activities in the Construction Phase Social Network regarding Process Innovation are related to Piping and Mechanical Equipment, which is in line with the importance of this sectors in an EPC Project for Oil and Gas. In other words, these activities are very influential because they are crucial. If something goes bad in the Piping or Tanks, problems may arise. It is therefore reasonable that if innovation happens here, the impacts would be big.

Most Influential Activities on Process Innovation in the EPC Project
Following the procedure of the previous subsections and focusing now on the whole EPC Project, the results on Table 10.21 were expanded on Table 11.23. This table presents the Top 10 most influential Activities, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Process Innovation of the EPC Project.

[bookmark: _Toc72704444]Table 11.23: Top Ten Most Influential Activities on Process Innovation in the EPC Project
	Node
	Reduced Project Implementation Time
	Improved Procurement Activities
	Reduced Operational Cost
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	EP1110
	47
	0.37
	-
	-
	-
	-
	47
	0.37

	EP1120
	45
	0.76
	-
	-
	-
	-
	45
	0.76

	CC1850
	45
	0
	-
	-
	-
	-
	45
	0

	CC1670
	42
	0.6
	-
	-
	-
	-
	42
	0.60

	CC2910
	42
	0
	-
	-
	-
	-
	42
	0

	CC3070
	52
	0.75
	27
	0.75
	-
	-
	39,5
	0.75

	CC2990
	52
	0.67
	27
	0.67
	-
	-
	39,5
	0.67

	EP1100
	38
	0.49
	-
	-
	-
	-
	38
	0.49

	CC1592
	35
	0.83
	-
	-
	-
	-
	35
	0.83

	A29360
	44
	0.46
	-
	-
	26
	1
	35
	0.73


Table 11.23 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.24 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704445]Table 11.24: Top Ten Most Influential Activity on Process Innovation in the EPC Project - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	EP1110
	
	IPF (SIL Review)
	47
	0.37

	EP1120
	
	90% Model Review
	45
	0.76

	CC1850
	Mechanical Completion Other Area
	Mechanical Completion - Compressor Station Guard House
	45
	0

	CC1670
	Commissioning
	HVAC commissioning (Control Room)
	42
	0.60

	CC2910
	Commissioning
	Fire water pump / system commissioning
	42
	0

	CC3070
	Mechanical Completion Train 2
	Mechanical Completion
	39,5
	0.75

	CC2990
	Mechanical Completion Train 1
	Mechanical Completion
	39,5
	0.67

	EP1100
	
	60% Model Review
	38
	0.49

	CC1592
	Mechanical (Equipment)
	Fire water Tank - Final Testing (NDT, RT etc.)
	35
	0.83

	A29360
	Process Balance Documents
	Issue as IFC
Process Flow Diagram

	35
	0.73



Similar, to what was observed in the Engineering Phase of this section, Activity EP1110 – IPF (SIL Review) is also the most influential Activity on Process Innovation for the EPC Project as a whole. This Activity ranked higher in Table 11.24 and presents a high number of connections and has a highly central position in the Network.

Summary
To summarise Research Question 3, it is important to note that the conclusions reached in the previous subsections point to cross-sectional Activities being the most influential in each of the three Phases and the EPC Project itself. This means in line with what was observed and explained in the previous sections, for Stakeholder nodes, nodes which rank higher in the hierarchy of the EPC Project (in terms of decision making or cross-sectional activities) are also those which have higher influence in terms of Process Innovation. 

[bookmark: _Toc73431564]Research Question 4
“What is the most influential activity for each phase of EPC project as well as during the entire project on product innovation?”

The fourth research question focuses on identifying the most influential activities on product innovation. According to the classification made for this EPC Project, the Product Innovation Outcomes are the following: “Reduced Production Cost”, “Meets Health and Safety Requirements” and “Achieved Industrial Standards”. These three Innovation Outcomes were studied in the previous four chapters and the results are going to be discussed in this section. The results will be presented in the following subsections under each Phase of the EPC Project, and for the whole project. As before, they will be based on the average Degree and Closeness Centrality metrics each of the nodes presented on each of the Innovation Outcomes’ Ego Networks.

Most Influential Activities on Product Innovation in the Engineering Phase
Focusing on the Engineering Phase, the results on Table 7.34 were expanded on Table 11.25. This table presents the Top 10 most influential Activities considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Process Innovation of the Engineering Phase.



[bookmark: _Toc72704446]Table 11.25: Top Ten Most Influential Activities on Product Innovation in the Engineering Phase
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	EP1110
	-
	-
	50
	0.60
	50
	0.75
	50
	0.68

	EP1100
	-
	-
	38
	0.83
	35
	1
	36.5
	0.92

	A29520
	25
	0
	-
	-
	38
	0
	31.5
	0

	G1060
	-
	-
	23
	0.50
	20
	0.70
	21.5
	0.60

	A19410
	21
	0.92
	-
	-
	21
	0.92
	21
	0.92

	A15130
	13
	0.56
	-
	-
	28
	0.56
	20.5
	0.56

	A14930
	20
	1
	-
	-
	20
	1
	20
	1

	A29680
	19
	0
	-
	-
	20
	0
	19.5
	0

	A16670
	13
	0.56
	-
	-
	25
	0.56
	19
	0.56

	A15690
	12
	0.56
	-
	-
	26
	0.56
	19
	0.56




Table 11.25 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.26 solves this issue, showing only the descriptions and the values considered for the ranking presented above. 

[bookmark: _Toc72704447]Table 11.26: Top Ten Most Influential Activity on Product Innovation in the Engineering Phase - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	EP1110
	
	IPF (SIL Review)
	50
	0.68

	EP1100
	
	60% Model Review
	36.5
	0.92

	A29520
	Mechanical (Static/Package unit) Balance Documents
	Issue as IFC
	31.5
	0

	G1060
	
	HAZOP
	21.5
	0.60

	A19410
	Pipeline Design Basis
	Issue as IFC
	21
	0.92

	A15130
	Sales Gas Compressor After Cooler Data Sheets
	Receive Company Approval
	20.5
	0.56

	A14930
	Mechanical Design Basis -Static Equipment
	Issue as IFC
	20
	1

	A29680
	Piping Balance Documents
	Issue as IFC
	19.5
	0

	A16670
	Instrument air package Data Sheets (dryer)
	Receive Company Approval
	19
	0.56

	A15690
	Instrument air receiver Data Sheets
	Receive Company Approval
	19
	0.56




As it was seen in the Process Innovation results in section 11.4.1, the most influential Activity node in the Engineering Phase is the node EP1110 which has a description “IPF (SIL Review)”. This Activity has many connections with other nodes and presents a medium Closeness Centrality, which means that this Activity has access to important information flow. Also, this Activity has a broad range of connections, since it does not belong to a specific WBS task. This means that this Activity has access to other activities and nodes belonging to different sectors of the Engineering Phase. 

Most Influential Activities on Product Innovation in the Procurement Phase
Focusing on the Procurement Phase, the results on Table 8.19 were expanded on Table 11.27. This table presents the Top 10 most influential Activities, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Product Innovation of the Procurement Phase.




[bookmark: _Toc72704448]Table 11.27: Top Ten Most Influential Activities on Process Innovation in the Procurement Phase
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	A1360
	-
	-
	-
	-
	31
	1
	31
	1

	A1280
	-
	-
	-
	-
	29
	1
	29
	1

	A1300
	-
	-
	-
	-
	29
	1
	29
	1

	A1320
	-
	-
	-
	-
	29
	1
	29
	1

	A1400
	-
	-
	-
	-
	29
	1
	29
	1

	A1420
	-
	-
	-
	-
	29
	1
	29
	1

	A1440
	-
	-
	-
	-
	29
	1
	29
	1

	A1380
	-
	-
	-
	-
	21
	1
	21
	1

	A1480
	-
	-
	-
	-
	21
	1
	21
	1

	A2600
	-
	-
	-
	-
	20
	1
	20
	1



Table 11.27 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.28 solves this issue, showing only the descriptions and the values considered for the ranking presented above.

[bookmark: _Toc72704449]Table 11.28: Top Ten Most Influential Activity on Product Innovation in the Procurement Phase - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	A1360
	Suction KO drum
	Prepare and Issue MR
	31
	1

	A1280
	Instrument Air Receiver
	Prepare and Issue MR
	29
	1

	A1300
	Nitrogen  Receiver
	Prepare and Issue MR
	29
	1

	A1320
	Sales Gas Filter
	Prepare and Issue MR
	29
	1

	A1400
	IA Compressor Package
	Prepare and Issue MR
	29
	1

	A1420
	Flare package
	Prepare and Issue MR
	29
	1

	A1440
	EOT Cranes
	Prepare and Issue MR
	29
	1

	A1380
	Closed drain drum
	Prepare and Issue MR
	21
	1

	A1480
	Portable water tank
	Prepare and Issue MR
	21
	1

	A2600
	F&G Equipment
	Prepare and Issue MR
	20
	1



According to the results presented and based on the ranking used in this thesis, the most influential Activity in terms of Product Innovation is Activity A1360 – Suction KPO drum – prepare and Issue MR. This Activity presents a high centrality in the Procurement Phase Social Network as well as a high number of links to other nodes.

Most Influential Activities on Product Innovation in the Construction Phase
Focusing on the Construction Phase, the results on Table 9.30 were expanded on Table 11.29. This table presents the Top 10 most influential Activities, considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Product Innovation of the Construction Phase.







[bookmark: _Toc72704450]Table 11.29: Top Ten Most Influential Activities on Product Innovation in the Construction Phase
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	CC2120
	-
	-
	-
	-
	46
	0.54
	46
	0.54

	CC2130
	-
	-
	-
	-
	43
	0.38
	43
	0.38

	CC2320
	33
	1
	-
	-
	39
	1
	36
	1

	A4180
	35
	1
	-
	-
	35
	1
	35
	1

	CC1592
	35
	0.83
	-
	-
	35
	0.58
	35
	0.71

	A31720
	-
	-
	-
	-
	35
	0.43
	35
	0.43

	A4174
	34
	0.77
	-
	-
	34
	0.77
	34
	0.77

	CC1591
	34
	0.75
	-
	-
	34
	0.67
	34
	0.71

	CC1590C
	34
	0.38
	-
	-
	34
	1
	34
	0.69

	CC1588A
	34
	0.23
	-
	-
	34
	1
	34
	0.62



Table 11.29 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.30 solves this issue, showing only the descriptions and the values considered for the ranking presented above.








[bookmark: _Toc72704451]Table 11.30: Top Ten Most Influential Activity on Product Innovation in the Construction Phase - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	CC2120
	Mechanical (Equipment)
	HIPS Installation
	46
	0.54

	CC2130
	Mechanical (Equipment)
	All Equipment Installation
	43
	0.38

	CC2320
	Mechanical (Equipment)
	All Equipment Installation
	36
	1

	A4180
	PIPING
	Hot Tap work (Preparation and Execution)
	35
	1

	CC1592
	Mechanical (Equipment)
	Fire water Tank - Final Testing (NDT, RT etc.)
	35
	0.71

	A31720
	PIPING
	Piping Pre-fabrication (CS 20" and above)
	35
	0.43

	A4174
	PIPING
	Pipeline laying and testing - 30 " - Field Welding Testing (NDT..RE etc.)
	34
	0.77

	CC1591
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing (NDT, RT etc.) - Level 5
	34
	0.71

	CC1590C
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing (NDT, RT etc.) - Level 2
	34
	0.69

	CC1588A
	Mechanical (Equipment)
	Fire water Tanks - Welding, Testing (NDT, RT etc.) - Baseplate
	34
	0.62



[bookmark: _Hlk41455758]The most influential Activity of the Construction Phase regarding Product Innovation is CC2120 – Mechanical (Equipment) – HIPS Installation. According to Table 11.30, this is the activity scoring higher in the ranking defined in this thesis. Once again, the Construction Phase “Mechanical (Equipment)” task plays a central role in Innovation, as it was observed in subsection 11.4.3. This WBS Task is indeed core to the development of an EPC Project for Oil and Gas, so it is the one that can present a higher influence towards Innovation.



Most Influential Activities on Product Innovation in the EPC Project
Following the procedure of the previous subsections and focusing now on the whole EPC Project, the results on Table 10.32 were expanded on Table 11.31. This table presents the Top 10 most influential Activities considering that a high Degree Centrality along with a high Closeness Centrality allows a node to reach many other nodes and to have a central role in the whole network. The order of the Activities was based on the average value that each Activities node presented across the three Ego Networks of Product Innovation of the EPC Project.

[bookmark: _Toc72704452]Table 11.31: Top Ten Most Influential Activities on Product Innovation in the EPC Project
	Node
	Reduced Production Cost
	Meets Health and Safety Requirements
	Achieved Industrial Standards
	Average Values

	Label
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.
	Degree
	Closen.

	EP1110
	-
	-
	50
	0.44
	50
	0.26
	50
	0.35

	CC2120
	-
	-
	-
	-
	47
	0.54
	47
	0.54

	CC2990
	-
	-
	-
	-
	44
	0
	44
	0

	CC2130
	-
	-
	-
	-
	43
	0.38
	43
	0.38

	CC2550
	-
	-
	-
	-
	43
	0
	43
	0

	EP1120
	-
	-
	45
	0.93
	38
	0.38
	41.5
	0.65

	A29520
	-
	-
	-
	-
	40
	0
	40
	0

	CC2320
	-
	-
	-
	-
	39
	1
	39
	1

	EP1100
	-
	-
	38
	0.56
	-
	-
	38
	0.56

	A31720
	-
	-
	-
	-
	37
	0.43
	37
	0.43



Table 11.31 presents the Labels of the nodes instead of their descriptions only to facilitate visualisation. Table 11.32 solves this issue, showing only the descriptions and the values considered for the ranking presented above.
[bookmark: _Toc72704453]Table 11.32: Top Ten Most Influential Activities on Product Innovation in the EPC Project - Summary
	Activity Nodes
	Average Values

	Label
	WBS Name
	Description
	Degree
	Closen.

	EP1110
	
	IPF (SIL Review)
	50
	0.35

	CC2120
	Mechanical (Equipment)
	HIPS Installation
	47
	0.54

	CC2990
	Mechanical Completion Train 1
	Mechanical Completion
	44
	0

	CC2130
	Mechanical (Equipment)
	All Equipment Installation
	43
	0.38

	CC2550
	Mechanical Completion Other Area
	Mechanical Completion - Custody Transfer Area
	43
	0

	EP1120
	
	90% Model Review
	41.5
	0.65

	A29520
	Mechanical (Static/Package unit) Balance Documents
	Issue as IFC
	40
	0

	CC2320
	Mechanical (Equipment)
	All Equipment Installation
	39
	1

	EP1100
	
	60% Model Review
	38
	0.56

	A31720
	Piping
	Piping Pre-fabrication (CS 20" and above)
	37
	0.43



[bookmark: _Hlk41457070]Similar to what was observed in the Engineering Phase of this and of the previous section, Activity EP1110 – IPF (SIL Review) is also the most influential Activity on Product Innovation for the whole EPC Project.  This Activity ranked higher in Table 11.32 and presents a high number of connections and has a highly central position in the Network. That the most influential Activity is from the Engineering Phase confirms Yi et al. (2019) who describe that Phase as the most critical part of an EPC project with far reaching implications for the other phases because of its interfacing with all project stakeholders from the client, procurement, to construction. Further it is the Phase that deals with complying with industry safety standards.
Summary
[bookmark: _Hlk41457124]To summarise Research Question 4, it is important to note that the conclusions reached in the previous subsections point to cross-sectional Activities being the most influential in each of the three Phases and the EPC Project. This means in line with what was observed and explained in the previous sections for Stakeholder nodes, nodes which rank higher in the hierarchy of the EPC Project (in terms of decision making or cross-sectional activities) are also those which have higher influence in terms of Product Innovation. This confirms Scafuto et al. (2018) findings that Process Innovation can serve as a precursor to Product Innovation to an extent that the latter can be viewed as an outcome of the former. 

[bookmark: _Hlk41458150]The fact that the Activity EP1110 – IPF (SIL Review) is the most influential Activity on Product Innovation for the Engineering Phase and EPC Project makes it relevant for innovation. That nodes higher in the hierarchy have higher influence on Product Innovation confirms Kahn’s (2018) view that because of its connection to an organisation’s marketing strategy,  product innovation focuses on product effectiveness hence its involving cross-sectional activities. 

[bookmark: _Toc73431565]Research Question 5
[bookmark: _Hlk41458196]“How to model the Stakeholder interaction of process innovation in EPC project?”

[bookmark: _Hlk41458324]In a complex project as an Oil and Gas EPC Project, the number of Stakeholders and Activities and the number of connections between them is huge. This means that it is difficult to analyse the impact on innovation from considering the whole network created by those Stakeholders, Activities, and links between them. To try to circumvent this problem, a Social Network Analysis technique was utilised. This technique is the Ego Networks’ technique whereby for each of the nodes under analysis, a subset of the original Network is created, including all the nodes that share a connection to the one under analysis. This subset can be further expanded by including the nodes which are connected to the nodes which are linked to the original node, and so on. Ego Networks can therefore have several degrees of depth. 

[bookmark: _Hlk41627061]In the case of this thesis, it was chosen to study Ego Networks of depth two. The reason behind this choice is related to the scope of the thesis given its goal of focusing on Innovation and understanding the Activities and Stakeholders that can lead to Innovation. In order to study that, it was essential to bear in mind the type of interactions in an EPC Project Social Network. Typically, a Stakeholder interacts with an Activity (or more) as a way of starting an information flow that can end in Innovation. This means that the Ego Networks need to have a depth of two, to include both Activities and Stakeholder nodes, as well as the original nodes themselves, which are the Innovation Outcomes. Through these Ego Networks, it was then possible to focus on the behaviour of Stakeholder nodes. The modelling of this interaction with the other nodes in the Social Network itself was done through the analysis of some metrics like Degree, Closeness and Betweenness Centrality. These Social Network Analyses allowed the identification of the most influential Stakeholder as depicted in Table 11.33.

[bookmark: _Toc72704454]Table 11.33: Social Network Analysis Interpretation for Stakeholder nodes
	Social Network Metric
	Social Network Analysis Metric Interpretation

	Degree Centrality
	The degree centrality of a Stakeholder node represents the number of nodes that are connected to it. This number indicates the connectivity of the Stakeholder in the network. As the number of degree centrality increases it indicates that the node can be considered a Hub in the network and thus present an ability to easily receive or send information to a significant number of nodes.

	Closeness Centrality
	The closeness centrality of a Stakeholder node indicates the importance of the component in terms of having a central position in the network. A high closeness centrality means that a node is very central and is practically close to every other node. For a Stakeholder node, a high closeness centrality means that it possesses a direct connection to many Activities, Stakeholders, and Innovation Outcomes.

	Betweenness Centrality
	The betweenness centrality of a Stakeholder node indicates the importance of the component in terms of connecting the components in the network. A high betweenness centrality means that a node can make bridges in the network, connecting nodes belonging to different parts of the graph. For a Stakeholder node, a high betweenness centrality means that it can influence Activities and Innovation Outcome nodes.



Of the three metrics on Table 11.33, only the first two were used in the modelling of Stakeholder nodes for Process Innovation, since across all Ego Networks studied and due to the nature of Stakeholder nodes, Betweenness Centrality was always zero, as was mentioned before.

[bookmark: _Toc73431566]Research Question 6
[bookmark: _Hlk41458643]“How to model the Stakeholder interaction of product innovation in EPC project?”

The detailed explanation provided in the previous section is equally applied to Research Question 6, with the only difference being in the type of Innovation in which the study focuses. Across the four chapters of the analysis presented in this thesis, the methodology was the same both for Process and Product Innovation. In that regard, modelling of the Stakeholder interaction of Product Innovation in EPC Project was the same as that used for Process Innovation which involved focusing on Ego Networks of depth two of Innovation Outcome nodes related to Product Innovation and using Degree and Closeness Centrality.

[bookmark: _Toc73431567]Research Question 7
“Can the network measures be used to better understand the EPC project complexity?”

Social Networks Analysis techniques were used in this thesis to study the influence of certain Stakeholders and Activities of the EPC Project on Innovation. In Chapter 6, a review of the literature was done to allow the understanding of how Social Network Analysis could help develop a methodology for a study like this. Besides, throughout this thesis, some explanations and interpretations of Social Network Analysis metrics were given, including in the first six sections of this chapter. Table 11.34 below allows a comparison of some of the Social Network Analysis metrics that were presented throughout this work.

[bookmark: _Toc72704455]Table 11.34: Ensemble of Social Network Analysis Metrics
	Social Network Metrics
	Engineering Phase
	Procurement Phase
	Construction Phase
	EPC Project

	Number of Nodes
	1684
	1068
	934
	3419

	Number of Edges
	15335
	7127
	19930
	42423

	Network Diameter
	28
	8
	16
	38

	Graph Density
	0.005
	0.006
	0.022
	0.004

	Average Path Length
	~5.33
	~2.31
	~5
	~7.8

	Average Clustering Coefficient
	0.095
	0.097
	0.077
	0.1

	Average Degree
	~9.1
	~6.7
	~21
	12.41



Observing Table 11.34, it can be noticed that the metrics analysed allow the comparison of the different Networks studied in the previous chapters. These metrics include the number of nodes, edges and other specific Social Network metrics like Network Diameter and Graph Density. Besides these metrics for every project Phase and every Ego Network studied, others were also included such as “Degree Centrality”, “Betweenness Centrality” and “Closeness Centrality”.  

[bookmark: _Toc73431568]Summary
This chapter presented a discussion of the answers to all the seven Research Questions of this thesis. This discussion was divided into seven sections, each addressing a Research Question. The first four sections were then divided into five subsections: one focusing on each of the three phases of the EPC Project (Engineering, Procurement and Construction) and another for the EPC Project itself, followed by a summary subsection. After these five subsections, three other subsections were included to discuss Research Question 5, 6 and 7, which focused on Social Network Analysis techniques utilised throughout this work. The next chapter concludes this study and identifies areas for further research.
[bookmark: _Toc73431569]Conclusion
[bookmark: _Toc73431570]Introduction
The aim of this research is to uncover the complexity of interactions among project stakeholders, and product and process innovation in Oil and Gas EPC Projects. This is done by developing a framework for analysing the complexity of interaction among project stakeholders and product and process innovation in an EPC project in the downstream oil and gas sector in the United Arab Emirates (UAE).  It was achieved through employing Social Network Analysis to analyse stakeholder interaction in the case of United Arab Emirates based on Project Alpha. The study addressed the following objectives:
1. To identify the most influential stakeholders on process innovation in EPC project during each phase of the project and during the entire project.
2. [bookmark: _Hlk41485520]To identify the most influential stakeholders on product innovation in EPC project during each phase of the project during the entire project.
3.  To identify the most influential activity on process innovation in EPC project during each phase of the project and during the entire project.
4. [bookmark: _Hlk41506027]To identify the most influential activity on product innovation in EPC project during each phase of the project and during the entire project.
5. To determine how to model Stakeholder interaction of process innovation in EPC project.
6. To determine how to model Stakeholder interaction of product innovation in EPC project.
7. To determine whether network measures can be used to better understand the complexity of the EPC project.
This chapter presents the study’s outcome and a conclusive presentation on the main findings relating to each of the study’s objectives, its limitations, contribution to knowledge and suggestions for further research.


[bookmark: _Toc73431571]Achievement of Research Objectives
Employing Social Network Analysis as a method of developing a framework for analysing the interaction among project stakeholders and process and product innovation outcomes in an EPC project answered the study’s research question by providing a framework for understanding the nexus of complex stakeholder interactions and process and product innovation in a downstream oil and gas sector EPC project. Social Network Analysis of the social networks formed by the project stakeholders and activities across the three phases and the entire EPC project; and  Ego Network Analysis of product and process innovation outcomes throughout the EPC project were successfully used to achieve the study’s objectives.  The study’s hypothesis that using social network analysis to map out the complex stakeholder interactions in a downstream oil and gas EPC project facilitates an enhanced understanding of process and product innovation occurring during the various phases of the project and throughout the project was therefore confirmed. The study’s meeting of the objectives is as summarised in 12.2.1 – 12.2.6.
Objective 1 – Stakeholders and Process Innovation
Objective 1: To identify the most influential stakeholders on process innovation in the EPC project during each phase of the project and during the entire project
To identify the most influential stakeholders on process innovation in Project Alpha during each phase and during the entire project, Chapters 7 – 10 presented a social network based analysis of stakeholder linkages in each Phase of the EPC and in the entire EPC. The findings indicated that stakeholders with a high number of interactions occupied a central position in a Phase’s network, which enabled them to have a birds’ eye view of activities in the network, and to access information flowing through the network were associated with process innovation outcomes. In that regard the Engineering Manager was identified as the most influential Stakeholder on Process Innovation in the Engineering Phase (Section 11.2.1), the Cost Control Manager/ Procurement Engineer in the Procurement Phase (Section 11.2.2), and the Sr. Construction Engineer in the Construction Phase (Section 11.2.3). Considering the whole project, Engineering Manager was identified as the most influential Stakeholder node followed at close range by the Project Manager consistent with both positions’ being top decision makers in the EPC Project (Table 11.8). Influence on Process innovation was found to be higher from top decision makers in an EPC Project.
Objective 2 –Stakeholders and Product Innovation
Objective 2: To identify the most influential stakeholders on product innovation in the EPC project during each phase of the project during the entire project
[bookmark: _Hlk41566345][bookmark: _Hlk41595262]To identify the most influential stakeholders on product innovation in Project Alpha during each phase and during the entire project, the approach used for Process Innovation was also used for Product Innovation (Chapters 7 – 10).  Similar to the situation for process innovation, stakeholders with a high number of interactions occupied a central position and were associated with process innovation outcomes. The Engineering Manager was identified as the most influential Stakeholder in the Engineering Phase of Product innovation (Section 11.5.1), Cost Control Manager/Procurement Engineer in the Procurement Phase (Section 11.5.2) and Sr. QA/QC Engineer in the Construction Phase (Section 11.5.3) for similar reasons as those explained for the case of Process innovation. In the Procurement Phase Cost Control Manager/Procurement Engineer was followed closely by QA/QC Manage as a result of the criticality of quality issues in Product innovation. Considering the whole EPC project for Product Innovation, the Project Manager was identified as most influential Stakeholders because of the position’s important decision-making role in the entire EPC Project. Like in the case of Process Innovation, top decision makers have more influence on Product Innovation.
Objective 3 - Activities and Process Innovation
Objective 3: To identify the most influential activity on process innovation in the EPC project during each phase of the project and during the entire project
The node EP1110 described as “IPF (SIL Review)” was identified as the most influential Activity node in the Engineering Phase of Process Innovation due to its having many connections with other nodes that give it access to important information flows and it’s not belonging to a specific WBS.  In the Procurement Phase, Activity node PM0005 related to WBS Task “Procurement Management” with the description “Weekly Procurement expediting meetings with Contractor and Vendors” was identified as the most influential on Process Innovation because it connects many Activities and Stakeholders. The Construction Phase was found to have Activity CC1592 – Fire water Tank – Final Testing (NDT, RT etc.) as the most influential in the Social Network because of its having the highest number of links to other nodes and high closeness in the Network. Most influential Activities on Process innovation in this phase were found to be related to Piping and Mechanical Equipment.  
For the entire EPC project, Activity EP1110 – IPF (SIL Review) was identified as the most influential on Process Innovation because of its high number of connections and highly central Network position. Activities that cut across sections were found to be the most influential. Further, it is those nodes that are higher in the EPC Project decision making hierarchy that have the most influence. 
Objective 4 – Activities and Product Innovation
Objective 4: To identify the most influential activity on product innovation in the EPC project during each phase of the project and during the entire project
EP1110 - IPF (SIL Review), as was the case with Process Innovation and for the same reasons, was found to be the most influential Activity on Product Innovation in the Engineering Phase. In the Procurement Phase the most influential Activity on Product Innovation was identified as A1360 (Suction KO drum – prepare and Issue MR.) as it presented a high number of links to other nodes and centrality in the Procurement Phase Social Network. In the Construction Phase CC2120 – Mechanical (Equipment) – HIPS Installation was identified as most influential on Product Innovation because of its high activity score as per the ranking defined in this study.  

Considering the entire EPC project, Activity EP1110 – IPF (SIL Review) was identified as the most influential Activity on Product Innovation for the whole EPC Project as it ranked higher than any other activity presenting a high number of connections and occupying a central position in the Network (Table 11.32). As was the situation for Process Innovation, Stakeholder nodes which rank higher in the hierarchy in terms of decision making and or having cross-sectional Activities were also found to be the most influential in the case of Product Innovation. 
Objective 5 and 6 – Modelling Process and Product Innovation
[bookmark: _Hlk41594855]Objective 5: To determine how to model Stakeholder interaction of process innovation in the EPC project
and
Objective 6: To determine how to model Stakeholder interaction of process and product innovation in the EPC project
Given that Oil and Gas EPC projects are complex and have a multiplicity of Stakeholders, Activities and connections, the influence on innovation is difficult to analyse from the perspective of the whole network. Social Network Analysis focusing on Ego Networks and involving creating a subset of the original Network for each of the nodes under analysis and including those nodes that share a connection with it was found appropriate for modelling Stakeholder interaction of process and product innovation in the EPC project studied.
Objective 7 – Applicability of Network Measures
Objective 7: To determine whether network measures can be used to better understand the complexity of the EPC project
The study illustrated that two network measures namely Degree Centrality and Closeness Centrality can be used to derive a better understanding of Project Alpha in terms of identifying process and product innovation influencers among the Stakeholders and Activities. The generated metrics (Table 11.34) facilitated making comparisons among the different Networks generated in the Findings chapters (Chapters 7 – 10). 

[bookmark: _Toc73431572]Study Generalizability
Although the study focused on a specific EPC project in the downstream oil and gas sector in UAE, the framework may be extended to other settings as detailed below. Further, since the framework was developed based on EPC projects data, it can also be applied, with some modifications, to non EPC projects given that the study conducted an individual analysis for each phase of the EPC project. Below are some of the settings and commonality the developed framework may be used in:

· Upstream EPC Projects:
While there are some operational differences between Downstream and Upstream EPC projects, the commonality between both sectors cannot be overlooked. In many Oil and Gas Companies, both sectors are operated and managed by the same mother company and the majority of the project stakeholders are common for both sectors. In addition most of EPC Contractors and Engineering Firms tend to work with both sectors and their engineering and constructions resources are shared among both sectors.  While some of the project deliverables are different for both sectors, the mandates, technical standards and safety regulations are common. Accordingly, the commonality is vast between the two sectors and the utilization of the developed framework may be extended to upstream operators with some minor adjustments related to the project deliverables.

· Engineering Consultancy Firms:
The Engineering in an EPC project is usually developed by Engineering Consultants, who are part of the overall analysed EPC stakeholders. In addition, the framework was developed for the engineering phase independently, therefore the framework may be adopted by engineering firms to assess their stakeholders’ engagement in EPC projects and provide them with a depth understanding of their role and involvement. This is significant as it can enable engineering firms to leverage aspects of stakeholder interactions or relations that are most associated with process and product innovation outcomes.

· Oil and Gas Construction Contractors:
Oil and Gas Construction Contractors may adopt the developed framework to assist their construction works. Since the developed framework assessed construction stakeholders’ impact on process and product innovation during the construction phase independently, construction firms may utilize the framework to better engage their stakeholders and ensure maximum utilization of their resources.

· Civil Construction Industry:
While there are some differences between Civil Construction and Oil and Gas Projects, as the latter tend to follow strict technical and safety regulations, there are many commonality that both sectors share. Both sectors tend to follow structured project management and planning. Both sectors give high priority to meeting the project’s schedule and cost parameters. Hence and with some tailor made modification, the civil construction industry may adopt the developed framework to support in meeting schedule and cost driven projects.

· Other industries:
Other industries may follow the sequence used in  developing the study’s  framework (e.g. identification of stakeholders and activities, creating dependency matrix, social network maps and running the model using social network software) to understand the impact of their internal and external stakeholders on project outcomes and accordingly enhance their engagement.

[bookmark: _Toc73431573]Research Limitations
Notwithstanding the highlighted commonality and as tends to be the case with any research, this study had limitations relating to data collection, reporting style, guiding assumptions, time, and limited generalisability of the findings.

Limitations relating to data collection: Because data was gathered from official reports of a completed EPC project, the network is constructed from formal relationships or connections as depicted in reports and therefore disregards informal exchanges of information which could also influence innovation. The relationships analysed therefore only represent the official view while completely disregarding undocumented informal connections that existed as part of the project’s social network.  

Limitation relating to reporting style: The reporting style of findings and their discussion tended to be repetitive as, in the interest of clarity and addressing the study objectives, the researcher had to report on each Phase following the same format to facilitate comparability of findings between Phases. 

Limitations relating to assumptions about relationships: The study conclusions assume that the number of connections and position in a social network necessarily reflect value adding interactions and are therefore indicative of level of influence on innovation. In reality this is not always the case as having the highest number of links does not of itself reveal the quality of a link in terms of information flow.
Limitations relating to time: Like other studies of this nature, time was a major limiting factor that guided the choice of methods used to collect the data. Thus, although the researcher was aware of possible benefits to be derived from combining the documented network relationships with the informal undocumented ones, time constraints militated against such an approach.
Limitations relating to generalisability of the findings: The results are limited to Greenfield projects in the oil and gas downstream sector in UAE. Greenfield projects in other sectors or Brownfield projects in the same sector may present different results. 
Further, the findings are specific to Project Alpha. While they may provide a glimpse into what may occur in similar projects, and therefore provide a template for use in other projects, that may need to be done with due adjustments as every EPC project is unique.

[bookmark: _Toc73431574]Theoritical Contribution
Notwithstanding the highlighted limitations of this study, its theoretical contribution is at three levels: proposing a framework for mapping stakeholder interactions and resultant innovation, use of Social Network Analysis’ Ego Networks technique as an analysis tool for a complex network, and use of data grounded in a real-life project situation to anchor the proposed framework.

Social networks are widely recognised as instruments of innovation diffusion (Kolleck, 2013). However, it was observed that there was a limitation in the literature on utilizing Social Network Analysis to analyse stakeholder relationships within downstream oil and gas EPC projects for purposes of understanding within project product and process innovation. Therefore, this research attempts to fulfil the gap in the literature on utilization of social network in the context of EPC projects and innovation. It is anticipated that the adoption of social network will improve our understanding of the stakeholders’ impact on process and product innovation in EPC projects. The study main theoretical contributions are discussed below while the practical contribution will be presented in the next section.

The study’s first major contribution to theory is proposing a framework that can be used to understand and map out the relationship of the complex interactions between project stakeholders and process and product innovation in downstream oil and gas EPC projects, which could be applicable to projects in similar environments.  Although the study focused on a specific EPC project in the downstream oil and gas sector in UAE, the framework can be extended to similar settings. This was demonstrated by confirmation of the study’s findings by those of the quantitative survey that drew its participants from other EPC projects.  Further, although the framework was developed based on EPC projects data, it can also be applied, with some modifications, to non EPC projects given that the study conducted an individual analysis of each phase of the EPC project.

The second contribution to theory is the use of the Social Network Analysis’ Ego Networks as a technique to analyse a complex network with a large number of nodes and connections. The approach opens up possibilities for enhancing understanding of stakeholder relations and contribution not just in a downstream oil and gas project but in other complex social networks. Although other methods for collecting data such as interviews may have been used, using data derived from formal project documents, listing relevant activities and stakeholders, ensured that all formal connections of the network were analysed. Assessing innovation outcomes based on the document distribution matrix derived from stakeholders and activities data facilitated the identification of stakeholders’ impact on innovation outcomes. The approach employed that involved dissection of individual EPC project phase networks contributes a detail - oriented approach to understanding relationships and knowledge flow within phases which could be applied to EPC projects in other industry sectors.

[bookmark: _Hlk66859419]The third contribution to theory is in the choice of the data collection method. Because the data in the study was collected from a subsisting project, the findings are therefore not hypothetical in as far as they depict actual relationships. In that regard the study contributes lessons that are grounded in a real-life situation that can be transferred to similar or related future EPC projects. The study’s focus on retrospective, detailed analysis of process and product innovation in a successfully completed EPC project, using formal data, provides indicators to how to extract and preserve innovation data as part of a contracting organisation’s institutional memory. 



[bookmark: _Toc73431575]Practice Contribution
[bookmark: _Hlk41489259]By utilization of social network analysis in EPC projects, practitioners will be able to understand the level of influence, engagement and impact of stakeholders in EPC projects. Therefore the study first practical contribution is concentrated on the utilization of social network analysis to maximize the outcome of stakeholders’ engagement.
By understanding the activities that contribute most towards process and product innovation, practitioners will be able ensure maximum organisational benefit from an EPC project.  In addition, by understanding specific stakeholder contribution towards process and product innovation, the organisation will be able to priorities investment in the most critical or key stakeholders in order to achieve the maximum contribution.
By using the results of this study, project decision makers will be able understand the main contributors to project goals and will be able to increase the outcome of process and product innovation:
· By understanding the influence of stakeholders and activities on process innovation, project members will be able to increase the impact some stakeholders and activities will have on the project duration, improve the procurement process and reduce operational cost. More aid can be provided to these stakeholders to support their work and ensure maximum returns.
· By understanding the influence of stakeholders and activities on product innovation, project members will be able to reduce production cost, ensure fulfilling health and safety requirements and achieve the industrial standards. Accordingly, better engagement of the highest influencers can be attained to ensure meeting these goals.

[bookmark: _Toc73431576]Recommendations for Further Research
This research focused on identifying the most influential stakeholders and activities to innovation outcomes in a specific downstream oil and gas EPC project using social network analysis. Future studies may seek to use the same methods of analysis to explore stakeholder influence on innovation in other related industries. 
Deeper analysis of innovation only focusing on the social network of a single phase of an EPC project. Such an approach would allow for a more extensive investigation using both quantitative and qualitative approaches.  This would facilitate using a reporting style that is less repetitive as interviews-based data is likely to add depth in the process highlighting differences in areas which, at face value, seem similar.
This study analysed influence using social network theory having made assumptions concerning relationships based on data collected from formal connections of the network; future studies may focus on augmenting this with interviews to gain a better understanding of the type and quality of information moving through a network given that knowledge leading to innovation flows through networks of relationships. 
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Questionnaire 

Q1 - In an EPC Project, please rate the below Stakeholders (from 0 to 100) in terms of their influence/impact in Reducing the Project Duration. 0 is having the least and 100 is having the highest Impact:

	#
	Field
	Minimum
	Maximum
	Mean
	Std Deviation
	Variance
	Count

	1
	Project Manager
	30.00
	100.00
	78.08
	15.68
	245.88
	62

	2
	Engineering Manager
	15.00
	100.00
	75.40
	21.75
	473.06
	63

	3
	Sr. QA/QC Engineer
	0.00
	100.00
	50.56
	21.18
	448.57
	62

	4
	Sr. Piping/ Pipeline Engineer
	10.00
	90.00
	48.61
	23.12
	534.53
	62

	5
	Sr. Process Engineer
	16.00
	100.00
	59.00
	17.81
	317.29
	62
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Q2 - In an EPC Project, please rate the below Stakeholders (from 0 to 100) in terms of their influence/impact in Improving the Procurement Activities. 0 is having the least and 100 is having the highest Impact:

	#
	Field
	Minimum
	Maximum
	Mean
	Std Deviation
	Variance
	Count

	1
	Project Manager
	0.00
	100.00
	74.44
	19.34
	374.12
	63

	2
	Engineering Manager
	10.00
	100.00
	73.98
	22.33
	498.75
	63

	3
	Sr. QA/QC Engineer
	14.00
	95.00
	54.06
	21.64
	468.37
	64

	4
	Sr. Process Engineer
	0.00
	98.00
	52.90
	22.79
	519.40
	61

	5
	Sr. Piping/ Pipeline Engineer
	0.00
	90.00
	42.78
	24.04
	578.07
	60
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Q3 - In an EPC Project, please rate the below Stakeholders (from 0 to 100) in terms of their influence/impact in Reducing the Project (unit) Operational Cost. 0 is having the least and 100 is having the highest Impact:

	#
	Field
	Minimum
	Maximum
	Mean
	Std Deviation
	Variance
	Count

	1
	Project Manager
	0.00
	100.00
	70.70
	22.02
	484.72
	63

	2
	Engineering Manager
	10.00
	100.00
	73.60
	23.00
	529.16
	63

	3
	Sr. Quality Engineer
	5.00
	97.00
	49.31
	23.09
	533.20
	59

	4
	Sr. Process Engineer
	10.00
	100.00
	61.80
	21.52
	462.98
	61

	5
	Sr. Piping/ Pipeline Engineer
	5.00
	97.00
	44.02
	25.05
	627.64
	59
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Q4 - In an EPC Project, please rate the below Stakeholders (from 0 to 100) in terms of their influence/impact in Reducing Production (Manufacturing & Execution) Cost. 0 is having the least and 100 is having the highest Impact:

	#
	Field
	Minimum
	Maximum
	Mean
	Std Deviation
	Variance
	Count

	1
	Project Manager
	10.00
	100.00
	74.68
	23.13
	535.19
	62

	2
	Engineering Manager
	5.00
	100.00
	58.94
	23.96
	574.03
	62

	3
	QA/QC Manager
	14.00
	100.00
	59.80
	19.47
	378.91
	61

	4
	Cost Control Manager/Procurement Engineer
	7.00
	100.00
	57.00
	30.34
	920.35
	62

	5
	Sr. QA/QC Engineer
	15.00
	97.00
	62.26
	18.06
	326.00
	61
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Q5 - In an EPC Project, please rate the below Stakeholders (from 0 to 100) in terms of their influence/impact in Meeting Health & Safety Requirements. 0 is having the least and 100 is having the highest Impact:

	#
	Field
	Minimum
	Maximum
	Mean
	Std Deviation
	Variance
	Count

	1
	Project Manager
	23.00
	100.00
	83.83
	16.45
	270.55
	64

	2
	Engineering Manager
	13.00
	100.00
	57.02
	24.99
	624.73
	62

	3
	QA/QC Manager
	9.00
	100.00
	56.02
	23.76
	564.40
	63

	4
	Sr. QA/QC Engineer
	5.00
	100.00
	61.74
	22.23
	493.96
	61

	5
	Cost Control Manager/ Procurement Engineer
	4.00
	100.00
	43.90
	25.88
	669.96
	59
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Q6 - In an EPC Project, please rate the below Stakeholders (from 0 to 100) in terms of their influence/impact in achieving the Industry Standards. 0 is having the least and 100 is having the highest Impact

	#
	Field
	Minimum
	Maximum
	Mean
	Std Deviation
	Variance
	Count

	1
	Project Manager
	11.00
	100.00
	78.43
	18.19
	330.94
	63

	2
	Engineering Manager
	19.00
	100.00
	70.25
	23.57
	555.33
	63

	3
	QA/QC Manager
	29.00
	100.00
	69.98
	21.22
	450.11
	63

	4
	Sr. QA/QC Engineer
	48.00
	100.00
	75.08
	15.54
	241.43
	62

	5
	Cost Control Manager/ Procurement Engineer
	6.00
	100.00
	50.24
	24.96
	623.05
	62
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A13210 Piping Layout and Details Sales Gas Compressor after Cooler

Prepare & Issue for COMPANY Review (ICR)

Y Y

A13220 Piping Layout and Details Sales Gas Compressor after Cooler

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13230 Piping Layout and Details Sales Gas Compressor after Cooler

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13240 Piping Layout and Details Sales Gas Compressor after Cooler

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13250 Piping Layout and Details Sales Gas Compressor after Cooler

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13260 Piping Layout and Details Sales Gas Compressor after Cooler

Receive Company Approval

Y Y Y Y Y Y

A13270 Piping Layout and Details Sales Gas Compressor after Cooler

Issue as IFC

Y Y Y

A13280

A13290 Piping Layout and Details Drawings for Utility Shelter

Prepare & Issue for COMPANY Review (ICR)

Y Y

A13300 Piping Layout and Details Drawings for Utility Shelter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13310 Piping Layout and Details Drawings for Utility Shelter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13320 Piping Layout and Details Drawings for Utility Shelter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A3440 Piping Layout and Details Drawings for Utility Shelter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A3450 Piping Layout and Details Drawings for Utility Shelter

Receive Company Approval

Y Y Y Y Y Y

A3450 Piping Layout and Details Drawings for Utility Shelter

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Pipe Rack PR-201

A13330 Piping Layout and Details Drawings for Pipe Rack PR-201

Prepare & Issue for COMPANY Review (ICR)

Y Y

A13340 Piping Layout and Details Drawings for Pipe Rack PR-201

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13350 Piping Layout and Details Drawings for Pipe Rack PR-201

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13360 Piping Layout and Details Drawings for Pipe Rack PR-201

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13370 Piping Layout and Details Drawings for Pipe Rack PR-201

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13380 Piping Layout and Details Drawings for Pipe Rack PR-201

Receive Company Approval

Y Y Y Y Y Y

A3520 Piping Layout and Details Drawings for Pipe Rack PR-201

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Pipe Rack PR-301/302/303

A3530 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Prepare & Issue for COMPANY Review (ICR)

Y Y

A3540 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A3550 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A3560 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A3570 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A3580 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Receive Company Approval

Y Y Y Y Y Y

A3590 Piping Layout and Details Drawings for Pipe Rack PR-301/302/303

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Pipe Rack PR-401/402/403

A13390 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13400 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Receive Company Approval

Y Y Y Y Y Y

A13410 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Issue as IFC

Y Y

A3600 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Prepare & Issue for COMPANY Review (ICR)

Y Y Y Y Y Y

A3610 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Receive COMPANY Comments / Approval

Y Y

A3620 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

A3630 Piping Layout and Details Drawings for Pipe Rack PR-401/402/403

Receive COMPANY Comments / Approval

Y Y Y

        Piling Layout and Details Drawings for Pipe Rack PR-101A-101E

A13420 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Prepare & Issue for COMPANY Review (ICR)

Y Y

A13430 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13440 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13450 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

A13460 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

A13470 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Receive Company Approval

Y Y Y Y Y Y

A13480 Piping Layout and Details Drawings for Pipe Rack PR-101A-101E

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Pipe Rack PR-501

#REF! Piping Layout and Details Drawings for Pipe Rack PR-501

Prepare & Issue for COMPANY Review (ICR)

Y Y

#REF! Piping Layout and Details Drawings for Pipe Rack PR-501

Receive COMPANY Comments / Approval

Y Y Y Y Y Y
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Piping Layout and Details Drawings for Pipe Rack PR-501

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

Piping Layout and Details Drawings for Pipe Rack PR-501

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

Piping Layout and Details Drawings for Pipe Rack PR-501

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

Piping Layout and Details Drawings for Pipe Rack PR-501

Receive Company Approval

Y Y Y Y Y Y

Piping Layout and Details Drawings for Pipe Rack PR-501

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

          A13550 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Receive COMPANY Comments / Approval

Y Y

          A13560 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A13570 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Receive COMPANY Comments / Approval

Y Y

          A13580 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A13590 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Receive Company Approval

Y Y

          A13600 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Issue as IFC

Y Y Y Y Y Y

          A3810 Piping Layout and Details Drawings for Sales Gas Filter 834-F-551 A/B

Prepare & Issue for COMPANY Review (ICR)

Y Y Y

        Piling Layout and Details Drawings for Air Compressor & Dryer Package

          A3880 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A3890 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A3900 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A3910 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A3920 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A3930 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Receive Company Approval

Y Y Y Y Y Y

          A3940 Piping Layout and Details Drawings for Air Compressor & Dryer Package

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

          A13610 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Receive Company Approval

Y Y

          A13620 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Issue as IFC

Y Y Y Y Y Y

          A3950 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A3960 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A3970 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A3980 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A3990 Piping Layout and Details Drawings for Nitrogen Generation Package 834-ME-701

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

        Piling Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

          A13630 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A13640 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13650 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13660 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13670 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13680 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Receive Company Approval

Y Y Y Y Y Y

          A4080 Piping Layout and Details Drawings for Instrument Air Receiver  834-V-701/702

Issue as IFC

Y Y Y

        Piling Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

          A13690 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Receive COMPANY Comments / Approval

Y Y

          A13700 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A4090 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A4120 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4130 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A4140 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Receive Company Approval

Y Y Y Y Y Y

          A4150 Piping Layout and Details Drawings for Nitrogen Receiver  834-V-751/752

Issue as IFC

Y Y Y

        Typical Pile Drawings

          A4230 Typical Pile Drawings

Prepare & Issue for COMPANY Review (ICR)

Y Y Y Y

          A4240 Typical Pile Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4250 Typical Pile Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y

          A4260 Typical Pile Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4270 Typical Pile Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y

          A4280 Typical Pile Drawings

Receive Company Approval

Y Y Y Y Y Y

          A4290 Typical Pile Drawings

Issue as IFC

Y Y Y Y Y

        Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

          A13710 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Issue as IFC

Y Y

          A4300 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Prepare & Issue for COMPANY Review (ICR)

Y Y Y Y Y Y

          A4310 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Receive COMPANY Comments / Approval

Y Y

          A4320 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A4330 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Receive COMPANY Comments / Approval

Y Y

          A4340 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A4350 Architectural Raised Floor Layout Deatils and Schedule for Control Room Building

Receive Company Approval

Y Y Y

        Doors, Windows and Ventilator Layout & Details for Control Room Building

          A13720 Doors

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A13730 Doors

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13740 Doors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13750 Doors

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13760 Doors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13770 Doors

Receive Company Approval

Y Y Y Y Y Y

          A13780 Doors

Issue as IFC

Y Y Y

        Doors, Windows and Ventilator Layout & Details for Compressor Station Guard

          A13790 Doors

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A13800 Doors

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13810 Doors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13820 Doors

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13830 Doors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13840 Doors

Receive Company Approval

Y Y Y Y Y Y

          A13850 Doors

Issue as IFC

Y Y Y

        Doors, Windows and Ventilator Layout & Details for Guard House Building-2

          A13860 Doors

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A13870 Doors

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13880 Doors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13890 Doors

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13900 Doors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A13910 Doors

Receive Company Approval

Y Y Y Y Y Y

          A13920 Doors

Issue as IFC

Y Y Y

        Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

          A13930 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Prepare & Issue for COMPANY Review (ICR)

Y Y Y

          A13940 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A13950 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A13960 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Receive Company Approval

Y Y Y Y Y Y Y

          A4600 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A4610 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A4640 Piling Layout and Detail Drawing for CLOSED DRAIN DRUM 834-V-903

Issue as IFC

Y Y Y Y

        New Gas Compressor Station Storm water drainage - layout

          A4650 New Gas Compressor Station Storm water drainage - layout

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A4660 New Gas Compressor Station Storm water drainage - layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4670 New Gas Compressor Station Storm water drainage - layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A4680 New Gas Compressor Station Storm water drainage - layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4690 New Gas Compressor Station Storm water drainage - layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A4700 New Gas Compressor Station Storm water drainage - layout

Receive Company Approval

Y Y Y Y Y Y

          A4710 New Gas Compressor Station Storm water drainage - layout

Issue as IFC

Y Y Y

        New Gas Compressor Station Storm water drainage - Details

          A13970 New Gas Compressor Station Storm water drainage - Details

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A13980 New Gas Compressor Station Storm water drainage - Details

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A13990 New Gas Compressor Station Storm water drainage - Details

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A14000 New Gas Compressor Station Storm water drainage - Details

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4760 New Gas Compressor Station Storm water drainage - Details

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A4770 New Gas Compressor Station Storm water drainage - Details

Receive Company Approval

Y Y Y Y Y Y

          A4780 New Gas Compressor Station Storm water drainage - Details

Issue as IFC

Y Y Y

        New Gas Compressor Station AOC water drainage - layout

          A4790 New Gas Compressor Station AOC water drainage - layout

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A4800 New Gas Compressor Station AOC water drainage - layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4810 New Gas Compressor Station AOC water drainage - layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A4820 New Gas Compressor Station AOC water drainage - layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A4830 New Gas Compressor Station AOC water drainage - layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A4840 New Gas Compressor Station AOC water drainage - layout

Receive Company Approval

Y Y Y Y Y Y

          A4850 New Gas Compressor Station AOC water drainage - layout

Issue as IFC

Y Y Y

        Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

          A27960 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A27970 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27980 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A27990 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28000 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28010 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Receive Company Approval

Y Y Y Y Y Y

          A28020 Structural General Arrangement Drawing and Details for Compressor House - Trains 1/2/3

Issue as IFC

Y Y Y

        Structural General Arrangement Drawing and Details for Utility Shelter
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          A28030 Structural General Arrangement Drawing and Details for Utility Shelter

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28040 Structural General Arrangement Drawing and Details for Utility Shelter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28050 Structural General Arrangement Drawing and Details for Utility Shelter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28060 Structural General Arrangement Drawing and Details for Utility Shelter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28070 Structural General Arrangement Drawing and Details for Utility Shelter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28080 Structural General Arrangement Drawing and Details for Utility Shelter

Receive Company Approval

Y Y Y Y Y Y

          A28090 Structural General Arrangement Drawing and Details for Utility Shelter

Issue as IFC

Y Y Y

        Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

          A28100 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28110 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28120 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28130 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28140 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28150 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Receive Company Approval

Y Y Y Y Y Y

          A28160 Structural General Arrangement Drawing for Pipe Rack PR-301/302/303

Issue as IFC

Y Y Y

        Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

          A28170 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28180 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28190 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28200 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28210 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28220 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Receive Company Approval

Y Y Y Y Y Y

          A28230 Structural General Arrangement Drawing for Pipe Rack PR-101A/101B/101C/101D/101E

Issue as IFC

Y Y Y

        Structural General Arrangement Drawing for Pipe Rack PR-201

          A28240 Structural General Arrangement Drawing for Pipe Rack PR-201

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28250 Structural General Arrangement Drawing for Pipe Rack PR-201

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28260 Structural General Arrangement Drawing for Pipe Rack PR-201

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28270 Structural General Arrangement Drawing for Pipe Rack PR-201

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28280 Structural General Arrangement Drawing for Pipe Rack PR-201

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28290 Structural General Arrangement Drawing for Pipe Rack PR-201

Receive Company Approval

Y Y Y Y Y Y

          A28300 Structural General Arrangement Drawing for Pipe Rack PR-201

Issue as IFC

Y Y Y

        Structural Steel Fabrication Drawing for Pipe Rack PR-201

          A28310 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28320 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28330 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28340 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28350 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28360 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Receive Company Approval

Y Y Y Y Y Y

          A28370 Structural Steel Fabrication Drawing for Pipe Rack PR-201

Issue as IFC

Y Y Y

        Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

          A28380 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28390 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28400 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28410 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28420 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28430 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Receive Company Approval

Y Y Y Y Y Y

          A28440 Structural Steel Fabrication Drawing  for Compressor House - Trains 1/2/3

Issue as IFC

Y Y Y

        Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

          A28450 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28460 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28470 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28480 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28490 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28500 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Receive Company Approval

Y Y Y Y Y Y

          A28510 Structural Steel Fabrication Drawing for Pipe Rack PR-101A to E

Issue as IFC

Y Y Y

        Structural Steel Fabrication Drawing for Utility Shelter

          A28520 Structural Steel Fabrication Drawing for Utility Shelter

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28530 Structural Steel Fabrication Drawing for Utility Shelter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28540 Structural Steel Fabrication Drawing for Utility Shelter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28550 Structural Steel Fabrication Drawing for Utility Shelter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28560 Structural Steel Fabrication Drawing for Utility Shelter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28570 Structural Steel Fabrication Drawing for Utility Shelter

Receive Company Approval

Y Y Y Y Y Y

          A28580 Structural Steel Fabrication Drawing for Utility Shelter

Issue as IFC

Y Y Y

        Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

          A28590 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A28600 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28610 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28620 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A28630 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A28640 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Receive Company Approval

Y Y Y Y Y Y

          A28650 Structural Steel Fabrication Drawing for Pipe Rack PR-301/302/303

Issue as IFC

Y Y Y

        Civil/Structural/Architectural Balance Documents

          A29380 Civil/Structural/Architectural Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A29390 Civil/Structural/Architectural Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29400 Civil/Structural/Architectural Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29410 Civil/Structural/Architectural Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29420 Civil/Structural/Architectural Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29430 Civil/Structural/Architectural Balance Documents

Receive Company Approval

Y Y Y Y Y Y

          A29440 Civil/Structural/Architectural Balance Documents

Issue as IFC

Y Y Y Y

      PROCESS

        Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

          A11390 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11400 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11410 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11420 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11430 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11440 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Receive Company Approval

Y Y Y Y Y Y Y

          A11450 Process Data Sheet for Sales Gas Filter(834-F-551 A/B)

Issue as IFC

Y Y

        Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

          A11070 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11080 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11090 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11100 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11110 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11120 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Receive Company Approval

Y Y Y Y Y Y Y

          A11130 Process Data Sheet for Sales Gas Compressor (834-K-101 / 201 / 301)

Issue as IFC

Y Y

        Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

          A11140 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11150 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11160 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A1180 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A1190 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A1200 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Receive Company Approval

Y Y Y Y Y Y Y

          A1210 Process Data Sheet for Suction Knock Out Drum (834-K-101 / 201 / 301)

Issue as IFC

Y Y

        Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

          A11170 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Issue as IFC

Y Y

          A1220 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Prepare & Issue for COMPANY Review (ICR)

Y Y Y Y Y Y Y

          A1230 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Receive COMPANY Comments / Approval

Y Y

          A1240 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y Y

          A1250 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Receive COMPANY Comments / Approval

Y Y

          A1260 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y Y

          A1270 Process Data Sheet for Sales Gas Compressor After Cooler (834-K-101 / 201 / 301)

Receive Company Approval

Y Y

        Process Data Sheet for Flare Package 834-ME-801

          A11180 Process Data Sheet for Flare Package 834-ME-801

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11190 Process Data Sheet for Flare Package 834-ME-801

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11200 Process Data Sheet for Flare Package 834-ME-801

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11210 Process Data Sheet for Flare Package 834-ME-801

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11220 Process Data Sheet for Flare Package 834-ME-801

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11230 Process Data Sheet for Flare Package 834-ME-801

Receive Company Approval

Y Y Y Y Y Y Y

          A11240 Process Data Sheet for Flare Package 834-ME-801

Issue as IFC

Y Y

        Process Data Sheet for Closed Drain Drum-834-V-903

          A11250 Process Data Sheet for Closed Drain Drum-834-V-903

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11260 Process Data Sheet for Closed Drain Drum-834-V-903

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11270 Process Data Sheet for Closed Drain Drum-834-V-903

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11280 Process Data Sheet for Closed Drain Drum-834-V-903

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11290 Process Data Sheet for Closed Drain Drum-834-V-903

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y
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          A11300 Process Data Sheet for Closed Drain Drum-834-V-903

Receive Company Approval

Y Y Y Y Y Y Y

          A11310 Process Data Sheet for Closed Drain Drum-834-V-903

Issue as IFC

Y Y

        Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

          A12370 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12380 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12390 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12400 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12410 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12420 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Receive Company Approval

Y Y Y Y Y Y Y

          A12430 Process Data Sheet for Air Compressor & Dryer Package (834-ME-701)

Issue as IFC

Y Y

        Process Data Sheet for Nitrogen Generation Package (834-ME-751)

          A12440 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12450 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12460 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12470 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12480 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12490 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Receive Company Approval

Y Y Y Y Y Y Y

          A12500 Process Data Sheet for Nitrogen Generation Package (834-ME-751)

Issue as IFC

Y Y

        Process Data Sheet for Instrument Air Receiver (834-V-701)

          A12510 Process Data Sheet for Instrument Air Receiver (834-V-701)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12520 Process Data Sheet for Instrument Air Receiver (834-V-701)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12530 Process Data Sheet for Instrument Air Receiver (834-V-701)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12540 Process Data Sheet for Instrument Air Receiver (834-V-701)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12550 Process Data Sheet for Instrument Air Receiver (834-V-701)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12560 Process Data Sheet for Instrument Air Receiver (834-V-701)

Receive Company Approval

Y Y Y Y Y Y Y

          A12570 Process Data Sheet for Instrument Air Receiver (834-V-701)

Issue as IFC

Y Y

        Process Data Sheet for Nitrogen Receiver (834-V-751)

          A12580 Process Data Sheet for Nitrogen Receiver (834-V-751)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12590 Process Data Sheet for Nitrogen Receiver (834-V-751)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12600 Process Data Sheet for Nitrogen Receiver (834-V-751)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12610 Process Data Sheet for Nitrogen Receiver (834-V-751)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12620 Process Data Sheet for Nitrogen Receiver (834-V-751)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12630 Process Data Sheet for Nitrogen Receiver (834-V-751)

Receive Company Approval

Y Y Y Y Y Y Y

          A12640 Process Data Sheet for Nitrogen Receiver (834-V-751)

Issue as IFC

Y Y

        Process Data Sheet for Portable Water Strorage Tank (834-T-901)

          A12650 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12660 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12670 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12680 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12690 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12700 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Receive Company Approval

Y Y Y Y Y Y Y

          A12710 Process Data Sheet for Portable Water Strorage Tank (834-T-901)

Issue as IFC

Y Y

        Process Simulation & Equipment Sizing Report

          A11320 Process Simulation & Equipment Sizing Report

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11330 Process Simulation & Equipment Sizing Report

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11340 Process Simulation & Equipment Sizing Report

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11350 Process Simulation & Equipment Sizing Report

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A11360 Process Simulation & Equipment Sizing Report

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11370 Process Simulation & Equipment Sizing Report

Receive Company Approval

Y Y Y Y Y Y Y

          A11380 Process Simulation & Equipment Sizing Report

Issue as IFC

Y Y

        Flare, Relief & Blowdown Summary And Report Relief & Blowdown Summary And Report

          A12790 Flare

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12800 Flare

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12810 Flare

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12820 Flare

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12830 Flare

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12840 Flare

Receive Company Approval

Y Y Y Y Y Y Y

          A12850 Flare

Issue as IFC

Y Y

        Process Data Sheet for Portable Water Pump (834-P-911 A/B)

          A12720 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12730 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12740 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12750 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12760 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12770 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Receive Company Approval

Y Y Y Y Y Y Y

          A12780 Process Data Sheet for Portable Water Pump (834-P-911 A/B)

Issue as IFC

Y Y

        Process Calculations Report

          A12860 Process Calculations Report

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12870 Process Calculations Report

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12880 Process Calculations Report

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12890 Process Calculations Report

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A12900 Process Calculations Report

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12910 Process Calculations Report

Receive Company Approval

Y Y Y Y Y Y Y

          A12920 Process Calculations Report

Issue as IFC

Y Y

        Utility Design Basis and Sizing Report (*)

          A12930 Utility Design Basis and Sizing Report (*)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12940 Utility Design Basis and Sizing Report (*)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12950 Utility Design Basis and Sizing Report (*)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12960 Utility Design Basis and Sizing Report (*)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12970 Utility Design Basis and Sizing Report (*)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12980 Utility Design Basis and Sizing Report (*)

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12990 Utility Design Basis and Sizing Report (*)

Issue as IFC

Y Y

        P&ID - Sales Gas Compressor

          A11000 P&ID - Sales Gas Compressor

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11010 P&ID - Sales Gas Compressor

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11020 P&ID - Sales Gas Compressor

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11030 P&ID - Sales Gas Compressor

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11040 P&ID - Sales Gas Compressor

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11050 P&ID - Sales Gas Compressor

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11060 P&ID - Sales Gas Compressor

Issue as IFC

Y Y

        P&ID - Air Compressor & Dryer Package

          A11460 P&ID - Air Compressor & Dryer Package

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11470 P&ID - Air Compressor & Dryer Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11480 P&ID - Air Compressor & Dryer Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11490 P&ID - Air Compressor & Dryer Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11500 P&ID - Air Compressor & Dryer Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11510 P&ID - Air Compressor & Dryer Package

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11520 P&ID - Air Compressor & Dryer Package

Issue as IFC

Y Y

        P&ID - Instrument Air Receiver

          A11530 P&ID - Instrument Air Receiver

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11540 P&ID - Instrument Air Receiver

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11550 P&ID - Instrument Air Receiver

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11560 P&ID - Instrument Air Receiver

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11570 P&ID - Instrument Air Receiver

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11580 P&ID - Instrument Air Receiver

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11590 P&ID - Instrument Air Receiver

Issue as IFC

Y Y

        P&ID - Instrument Air & Plant Air Distribution

          A11600 P&ID - Instrument Air & Plant Air Distribution

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11610 P&ID - Instrument Air & Plant Air Distribution

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11620 P&ID - Instrument Air & Plant Air Distribution

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11630 P&ID - Instrument Air & Plant Air Distribution

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11640 P&ID - Instrument Air & Plant Air Distribution

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11650 P&ID - Instrument Air & Plant Air Distribution

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11660 P&ID - Instrument Air & Plant Air Distribution

Issue as IFC

Y Y

        P&ID - Nitrogen Generation Package

          A11670 P&ID - Nitrogen Generation Package

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11680 P&ID - Nitrogen Generation Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11690 P&ID - Nitrogen Generation Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11700 P&ID - Nitrogen Generation Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11710 P&ID - Nitrogen Generation Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11720 P&ID - Nitrogen Generation Package

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11730 P&ID - Nitrogen Generation Package

Issue as IFC

Y Y

        P&ID - Nitrogen Receiver

          A11740 P&ID - Nitrogen Receiver

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11750 P&ID - Nitrogen Receiver

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11760 P&ID - Nitrogen Receiver

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y
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          A11770 P&ID - Nitrogen Receiver

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11780 P&ID - Nitrogen Receiver

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11790 P&ID - Nitrogen Receiver

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11800 P&ID - Nitrogen Receiver

Issue as IFC

Y Y

        P&ID - Nitrogen Distribution

          A11810 P&ID - Nitrogen Distribution

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11820 P&ID - Nitrogen Distribution

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11830 P&ID - Nitrogen Distribution

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11840 P&ID - Nitrogen Distribution

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11850 P&ID - Nitrogen Distribution

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11860 P&ID - Nitrogen Distribution

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11870 P&ID - Nitrogen Distribution

Issue as IFC

Y Y

        P&ID - Portable Water System

          A11880 P&ID - Portable Water System

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11890 P&ID - Portable Water System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11900 P&ID - Portable Water System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11910 P&ID - Portable Water System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11920 P&ID - Portable Water System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11930 P&ID - Portable Water System

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A11940 P&ID - Portable Water System

Issue as IFC

Y Y

        P&ID - Portable Water & Utility Water Distribution

          A11950 P&ID - Portable Water & Utility Water Distribution

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A11960 P&ID - Portable Water & Utility Water Distribution

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11970 P&ID - Portable Water & Utility Water Distribution

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A11980 P&ID - Portable Water & Utility Water Distribution

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A11990 P&ID - Portable Water & Utility Water Distribution

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12000 P&ID - Portable Water & Utility Water Distribution

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12010 P&ID - Portable Water & Utility Water Distribution

Issue as IFC

Y Y

        P&ID - Fuel Gas System

          A12020 P&ID - Fuel Gas System

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12030 P&ID - Fuel Gas System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12040 P&ID - Fuel Gas System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12050 P&ID - Fuel Gas System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12060 P&ID - Fuel Gas System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12070 P&ID - Fuel Gas System

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12080 P&ID - Fuel Gas System

Issue as IFC

Y Y

        P&ID - Closed Drain Heater

          A12090 P&ID - Closed Drain Heater

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12100 P&ID - Closed Drain Heater

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12110 P&ID - Closed Drain Heater

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12120 P&ID - Closed Drain Heater

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12130 P&ID - Closed Drain Heater

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12140 P&ID - Closed Drain Heater

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12150 P&ID - Closed Drain Heater

Issue as IFC

Y Y

        P&ID - Closed Drain Drum

          A12160 P&ID - Closed Drain Drum

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12170 P&ID - Closed Drain Drum

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12180 P&ID - Closed Drain Drum

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12190 P&ID - Closed Drain Drum

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12200 P&ID - Closed Drain Drum

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12210 P&ID - Closed Drain Drum

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12220 P&ID - Closed Drain Drum

Issue as IFC

Y Y

        P&ID - Flare Header

          A12230 P&ID - Flare Header

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12240 P&ID - Flare Header

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12250 P&ID - Flare Header

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12260 P&ID - Flare Header

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12270 P&ID - Flare Header

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12280 P&ID - Flare Header

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12290 P&ID - Flare Header

Issue as IFC

Y Y

        P&ID - Flare Package

          A12300 P&ID - Flare Package

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A12310 P&ID - Flare Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12320 P&ID - Flare Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12330 P&ID - Flare Package

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A12340 P&ID - Flare Package

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A12350 P&ID - Flare Package

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A12360 P&ID - Flare Package

Issue as IFC

Y Y

        Process Balance Documents

          A29300 Process Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A29310 Process Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A29320 Process Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29330 Process Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A29340 Process Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29350 Process Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A29360 Process Balance Documents

Issue as IFC

1)  Process Flow Diagram

2) Utility Flow Diagram

3) Block Flow Diagram

4) Process Design Basis & Process Description

5) All other P&IDs

6) Line List (Predecessor for data sheets, tie in list, 

isometrics & critical line list)

7) Tie-in Philosophy ( Successor for Piping Tie-in Schedule 

& etc)

Y Y

      MECHANICAL ( ROTATING)

        Purchase Requisition For Sales Gas Compressors

          A16130 Purchase Requisition For Sales Gas Compressors

Prepare & Issue for COMPANY Review (ICR)

Y

          A16140 Purchase Requisition For Sales Gas Compressors

Receive COMPANY Comments / Approval

Y Y Y Y

          A16150 Purchase Requisition For Sales Gas Compressors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A16160 Purchase Requisition For Sales Gas Compressors

Receive COMPANY Comments / Approval

Y Y Y Y

          A16170 Purchase Requisition For Sales Gas Compressors

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A16180 Purchase Requisition For Sales Gas Compressors

Receive Company Approval

Y Y Y Y

          A16190 Purchase Requisition For Sales Gas Compressors

Issue as IFC

Y

        EOT crane motor Data Sheets

          A16200 EOT crane motor Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y

          A16210 EOT crane motor Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A16220 EOT crane motor Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A16230 EOT crane motor Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A16240 EOT crane motor Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A16250 EOT crane motor Data Sheets

Receive Company Approval

Y Y Y Y Y Y

          A16260 EOT crane motor Data Sheets

Issue as IFC

Y

        EOT crane Data Sheets

          A16270 EOT crane Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y

          A16280 EOT crane Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A16290 EOT crane Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A16300 EOT crane Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A16310 EOT crane Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A16320 EOT crane Data Sheets

Receive Company Approval

Y Y Y Y Y Y

          A16330 EOT crane Data Sheets

Issue as IFC

Y

        Instrument air package Data Sheets (air dry compressor)

          A16550 Instrument air package Data Sheets (air dry compressor)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A16560 Instrument air package Data Sheets (air dry compressor)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16570 Instrument air package Data Sheets (air dry compressor)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16580 Instrument air package Data Sheets (air dry compressor)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16590 Instrument air package Data Sheets (air dry compressor)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16600 Instrument air package Data Sheets (air dry compressor)

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A16610 Instrument air package Data Sheets (air dry compressor)

Issue as IFC

Y Y

        Instrument air package Data Sheets (dryer)

          A16620 Instrument air package Data Sheets (dryer)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A16630 Instrument air package Data Sheets (dryer)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16640 Instrument air package Data Sheets (dryer)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16650 Instrument air package Data Sheets (dryer)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16660 Instrument air package Data Sheets (dryer)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16670 Instrument air package Data Sheets (dryer)

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A16680 Instrument air package Data Sheets (dryer)

Issue as IFC

Y Y

        Portable Water Pump Data Sheets

          A16690 Portable Water Pump Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A16700 Portable Water Pump Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y
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          A16710 Portable Water Pump Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16720 Portable Water Pump Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16730 Portable Water Pump Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16740 Portable Water Pump Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A16750 Portable Water Pump Data Sheets

Issue as IFC

Y Y

        Mechanical (Rotating) Balance Documents

          A29540 Mechanical (Rotating) Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A29550 Mechanical (Rotating) Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A29560 Mechanical (Rotating) Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29570 Mechanical (Rotating) Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A29580 Mechanical (Rotating) Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29590 Mechanical (Rotating) Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A29600 Mechanical (Rotating) Balance Documents

Issue as IFC

Y Y

      MECHANICAL ( STATIC/PACKAGE UNIT)

        Specification for Pressure Vessels

          A14660 Specification for Pressure Vessels

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A14670 Specification for Pressure Vessels

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A14680 Specification for Pressure Vessels

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A14690 Specification for Pressure Vessels

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A14700 Specification for Pressure Vessels

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A14710 Specification for Pressure Vessels

Receive Company Approval

Y Y Y Y Y Y Y

          A14720 Specification for Pressure Vessels

Issue as IFC

Y Y

        Specification for Air Coolers

          A14730 Specification for Air Coolers

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A14740 Specification for Air Coolers

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A14750 Specification for Air Coolers

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A14760 Specification for Air Coolers

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A14770 Specification for Air Coolers

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A14780 Specification for Air Coolers

Receive Company Approval

Y Y Y Y Y Y Y Y

          A14790 Specification for Air Coolers

Issue as IFC

Y Y

        Addendum to DGS

          A14800 Addendum to DGS

Prepare & Issue for COMPANY Review (ICR)

Y

          A14810 Addendum to DGS

Receive COMPANY Comments / Approval

Y Y Y Y

          A14820 Addendum to DGS

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A14830 Addendum to DGS

Receive COMPANY Comments / Approval

Y Y Y Y

          A14840 Addendum to DGS

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A14850 Addendum to DGS

Receive Company Approval

Y Y Y Y

          A14860 Addendum to DGS

Issue as IFC

Y

        Mechanical Design Basis -Static Equipment

          A14870 Mechanical Design Basis -Static Equipment

Prepare & Issue for COMPANY Review (ICR)

Y

          A14880 Mechanical Design Basis -Static Equipment

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A14890 Mechanical Design Basis -Static Equipment

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A14900 Mechanical Design Basis -Static Equipment

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A14910 Mechanical Design Basis -Static Equipment

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A14920 Mechanical Design Basis -Static Equipment

Receive Company Approval

Y Y Y Y Y Y

          A14930 Mechanical Design Basis -Static Equipment

Issue as IFC

Y

        Sales Gas Compressor After cooler Data Sheets

          A15080 Sales Gas Compressor After cooler Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15090 Sales Gas Compressor After cooler Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15100 Sales Gas Compressor After cooler Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15110 Sales Gas Compressor After cooler Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15120 Sales Gas Compressor After cooler Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15130 Sales Gas Compressor After cooler Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15140 Sales Gas Compressor After cooler Data Sheets

Issue as IFC

Y Y

        Sales Gas Filter vessel Data Sheets

          A15430 Sales Gas Filter vessel Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15440 Sales Gas Filter vessel Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15450 Sales Gas Filter vessel Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15460 Sales Gas Filter vessel Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15470 Sales Gas Filter vessel Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15480 Sales Gas Filter vessel Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15490 Sales Gas Filter vessel Data Sheets

Issue as IFC

Y Y

        Instrument air receiver Data Sheets

          A15640 Instrument air receiver Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15650 Instrument air receiver Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15660 Instrument air receiver Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15670 Instrument air receiver Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15680 Instrument air receiver Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15690 Instrument air receiver Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15700 Instrument air receiver Data Sheets

Issue as IFC

Y Y

        Nitrogen Receiver Data Sheets

          A15710 Nitrogen Receiver Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15720 Nitrogen Receiver Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15730 Nitrogen Receiver Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15740 Nitrogen Receiver Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15750 Nitrogen Receiver Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15760 Nitrogen Receiver Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15770 Nitrogen Receiver Data Sheets

Issue as IFC

Y Y

        Portable water tank Data Sheets

          A15780 Portable water tank Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15790 Portable water tank Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15800 Portable water tank Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15810 Portable water tank Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15820 Portable water tank Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15830 Portable water tank Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15840 Portable water tank Data Sheets

Issue as IFC

Y Y

        Fire water tank Data Sheets

          A15850 Fire water tank Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15860 Fire water tank Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15870 Fire water tank Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15880 Fire water tank Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15890 Fire water tank Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15900 Fire water tank Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15910 Fire water tank Data Sheets

Issue as IFC

Y Y

        Suction Knock out drum Data Sheets

          A15920 Suction Knock out drum Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A15930 Suction Knock out drum Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15940 Suction Knock out drum Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15950 Suction Knock out drum Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A15960 Suction Knock out drum Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A15970 Suction Knock out drum Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A15980 Suction Knock out drum Data Sheets

Issue as IFC

Y Y

        Closed Drain Drum Data Sheets

          A15990 Closed Drain Drum Data Sheets

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A16000 Closed Drain Drum Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16010 Closed Drain Drum Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16020 Closed Drain Drum Data Sheets

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A16030 Closed Drain Drum Data Sheets

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A16040 Closed Drain Drum Data Sheets

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A16050 Closed Drain Drum Data Sheets

Issue as IFC

Y Y

        Mechanical (Static/Package unit) Balance Documents

          A29460 Mechanical (Static/Package unit) Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Mechanical Design Basisl

TBE for Mechaical equipments & packages

Addendum to DGS

and etc.

Y Y

          A29470 Mechanical (Static/Package unit) Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A29480 Mechanical (Static/Package unit) Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A29490 Mechanical (Static/Package unit) Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A29500 Mechanical (Static/Package unit) Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y Y Y

          A29510 Mechanical (Static/Package unit) Balance Documents

Receive Company Approval

Y Y Y Y Y

          A29520 Mechanical (Static/Package unit) Balance Documents

Issue as IFC

Y Y Y Y Y Y

      PIPING

        Overall Plot Plans/  Area Plot Plans

          A17110 Overall Plot Plans/  Area Plot Plans

Prepare & Issue for COMPANY Review (ICR)

Y

          A17120 Overall Plot Plans/  Area Plot Plans

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17130 Overall Plot Plans/  Area Plot Plans

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y
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          A17140 Overall Plot Plans/  Area Plot Plans

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17150 Overall Plot Plans/  Area Plot Plans

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A17160 Overall Plot Plans/  Area Plot Plans

Receive Company Approval

Y Y Y Y Y Y Y Y

          A17170 Overall Plot Plans/  Area Plot Plans

Issue as IFC

Y

        Key Plans for Plot Plans

          A17180 Key Plans for Plot Plans

Prepare & Issue for COMPANY Review (ICR)

Y

          A17190 Key Plans for Plot Plans

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A17200 Key Plans for Plot Plans

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A17210 Key Plans for Plot Plans

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A17220 Key Plans for Plot Plans

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A17230 Key Plans for Plot Plans

Receive Company Approval

Y Y Y Y Y Y Y

          A17240 Key Plans for Plot Plans

Issue as IFC

Y

        Datasheets for Piping Components / SP Items/ Spring Hangers

          A17670 Datasheets for Piping Components / SP Items/ Spring Hangers

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A17680 Datasheets for Piping Components / SP Items/ Spring Hangers

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17690 Datasheets for Piping Components / SP Items/ Spring Hangers

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17700 Datasheets for Piping Components / SP Items/ Spring Hangers

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17710 Datasheets for Piping Components / SP Items/ Spring Hangers

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17720 Datasheets for Piping Components / SP Items/ Spring Hangers

Receive Company Approval

Y Y Y Y Y Y Y Y

          A17730 Datasheets for Piping Components / SP Items/ Spring Hangers

Issue as IFC

Y Y

        Globe Valve datasheet

          A17740 Globe Valve datasheet

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A17750 Globe Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17760 Globe Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17770 Globe Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17780 Globe Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17790 Globe Valve datasheet

Receive Company Approval

Y Y Y Y Y Y Y Y

          A17800 Globe Valve datasheet

Issue as IFC

Y Y

        Check Valve datasheet

          A17810 Check Valve datasheet

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A17820 Check Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17830 Check Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17840 Check Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17850 Check Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17860 Check Valve datasheet

Receive Company Approval

Y Y Y Y Y Y Y Y

          A17870 Check Valve datasheet

Issue as IFC

Y Y

        Non slam check Valve datasheet

          A17880 Non slam check Valve datasheet

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A17890 Non slam check Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17900 Non slam check Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17910 Non slam check Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17920 Non slam check Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17930 Non slam check Valve datasheet

Receive Company Approval

Y Y Y Y Y Y Y Y

          A17940 Non slam check Valve datasheet

Issue as IFC

Y Y

        Butterfly Valve datasheet

          A17950 Butterfly Valve datasheet

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A17960 Butterfly Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17970 Butterfly Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A17980 Butterfly Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A17990 Butterfly Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18000 Butterfly Valve datasheet

Receive Company Approval

Y Y Y Y Y Y Y Y

          A18010 Butterfly Valve datasheet

Issue as IFC

Y Y

        Gate Valve datasheet

          A18020 Gate Valve datasheet

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A18030 Gate Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18040 Gate Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18050 Gate Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18060 Gate Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18070 Gate Valve datasheet

Receive Company Approval

Y Y Y Y Y Y Y Y

          A18080 Gate Valve datasheet

Issue as IFC

Y Y

        Plug Valve datasheet

          A18090 Plug Valve datasheet

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A18100 Plug Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18110 Plug Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18120 Plug Valve datasheet

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18130 Plug Valve datasheet

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18140 Plug Valve datasheet

Receive Company Approval

Y Y Y Y Y Y Y Y

          A18150 Plug Valve datasheet

Issue as IFC

Y Y

        Piping Tie-in Schedule

          A18230 Piping Tie-in Schedule

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A18240 Piping Tie-in Schedule

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18250 Piping Tie-in Schedule

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18260 Piping Tie-in Schedule

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18270 Piping Tie-in Schedule

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18280 Piping Tie-in Schedule

Receive Company Approval

Y Y Y Y Y Y Y Y

          A18290 Piping Tie-in Schedule

Issue as IFC

Y Y

        Tie-in List

          A18720 Tie-in List

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A18730 Tie-in List

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18740 Tie-in List

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18750 Tie-in List

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18760 Tie-in List

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A18770 Tie-in List

Receive Company Approval

Y Y Y Y Y Y Y Y

          A18780 Tie-in List

Issue as IFC

Y Y

        Area Plot Plan Sub-station

          A18790 Area Plot Plan Sub-station

Prepare & Issue for COMPANY Review (ICR)

Y

          A18800 Area Plot Plan Sub-station

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A18810 Area Plot Plan Sub-station

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A18820 Area Plot Plan Sub-station

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A18830 Area Plot Plan Sub-station

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A18840 Area Plot Plan Sub-station

Receive Company Approval

Y Y Y Y Y Y Y

          A18850 Area Plot Plan Sub-station

Issue as IFC

Y

        Key Plans for Piping General Arrangement Drawings

          A18860 Key Plans for Piping General Arrangement Drawings

Prepare & Issue for COMPANY Review (ICR)

Y

          A18870 Key Plans for Piping General Arrangement Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A18880 Key Plans for Piping General Arrangement Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A18890 Key Plans for Piping General Arrangement Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A18900 Key Plans for Piping General Arrangement Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A18910 Key Plans for Piping General Arrangement Drawings

Receive Company Approval

Y Y Y Y Y Y Y

          A18920 Key Plans for Piping General Arrangement Drawings

Issue as IFC

Y

        Plot Plans, Elevations and Layouts

          A18930 Plot Plans

Prepare & Issue for COMPANY Review (ICR)

Y

          A18940 Plot Plans

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18950 Plot Plans

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A18960 Plot Plans

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A18970 Plot Plans

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A18980 Plot Plans

Receive Company Approval

Y Y Y Y Y Y Y Y

          A18990 Plot Plans

Issue as IFC

Y

        Piping General Arrangement Drawings extracted from 3-D Model

          A19070 Piping General Arrangement Drawings extracted from 3-D Model

Prepare & Issue for COMPANY Review (ICR)

Y

          A19080 Piping General Arrangement Drawings extracted from 3-D Model

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19090 Piping General Arrangement Drawings extracted from 3-D Model

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19100 Piping General Arrangement Drawings extracted from 3-D Model

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19110 Piping General Arrangement Drawings extracted from 3-D Model

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19120 Piping General Arrangement Drawings extracted from 3-D Model

Receive Company Approval

Y Y Y Y Y Y

          A19130 Piping General Arrangement Drawings extracted from 3-D Model

Issue as IFC

Y

        Special Pipe Support Drawings

          A19140 Special Pipe Support Drawings

Prepare & Issue for COMPANY Review (ICR)

Y

          A19150 Special Pipe Support Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19160 Special Pipe Support Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19170 Special Pipe Support Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19180 Special Pipe Support Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19190 Special Pipe Support Drawings

Receive Company Approval

Y Y Y Y Y Y

          A19200 Special Pipe Support Drawings

Issue as IFC

Y

        Piping Isometric Drawings

          A19210 Piping Isometric Drawings

Prepare & Issue for COMPANY Review (ICR)

Y Y
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          A19220 Piping Isometric Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19230 Piping Isometric Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19240 Piping Isometric Drawings

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19250 Piping Isometric Drawings

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19260 Piping Isometric Drawings

Receive Company Approval

Y Y Y Y Y Y Y Y

          A19270 Piping Isometric Drawings

Issue as IFC

Y Y

        Piping Balance Documents

          A29620 Piping Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Piping Bulk Items MTO (Successor for A19210)

Pipe Stress Analysis Report

Pipe Support MTO (Successor for A19210 & A 19140)

Piping Bulk MTO (Successor for MR)

Piping Valves MTO (Successor for MR)

and etc

Y Y

          A29630 Piping Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29640 Piping Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29650 Piping Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29660 Piping Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29670 Piping Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y

          A29680 Piping Balance Documents

Issue as IFC

Y Y

      PIPELINE

        Site Visit Report

          A19280 Site Visit Report

Prepare & Issue for COMPANY Review (ICR)

Y

          A19290 Site Visit Report

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19300 Site Visit Report

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19310 Site Visit Report

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19320 Site Visit Report

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19330 Site Visit Report

Receive Company Approval

Y Y Y Y Y Y

          A19340 Site Visit Report

Issue as IFC

Y

        Pipeline Design Basis

          A19350 Pipeline Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A19360 Pipeline Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19370 Pipeline Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19380 Pipeline Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19390 Pipeline Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19400 Pipeline Design Basis

Receive Company Approval

Y Y Y Y Y Y Y Y

          A19410 Pipeline Design Basis

Issue as IFC

Y Y

        Addendum to DGS for line Pipe

          A19420 Addendum to DGS for line Pipe

Prepare & Issue for COMPANY Review (ICR)

Y

          A19430 Addendum to DGS for line Pipe

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19440 Addendum to DGS for line Pipe

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19450 Addendum to DGS for line Pipe

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19460 Addendum to DGS for line Pipe

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19470 Addendum to DGS for line Pipe

Receive Company Approval

Y Y Y Y Y Y

          A19480 Addendum to DGS for line Pipe

Issue as IFC

Y

        Addendum to DGS for Three Layer polyethylene coating

          A19490 Addendum to DGS for Three Layer polyethylene coating

Prepare & Issue for COMPANY Review (ICR)

Y

          A19500 Addendum to DGS for Three Layer polyethylene coating

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19510 Addendum to DGS for Three Layer polyethylene coating

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19520 Addendum to DGS for Three Layer polyethylene coating

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A19530 Addendum to DGS for Three Layer polyethylene coating

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19540 Addendum to DGS for Three Layer polyethylene coating

Receive Company Approval

Y Y Y Y Y Y

          A19550 Addendum to DGS for Three Layer polyethylene coating

Issue as IFC

Y

        Addendum to DGS for field joint coating

          A19560 Addendum to DGS for field joint coating

Prepare & Issue for COMPANY Review (ICR)

Y

          A19570 Addendum to DGS for field joint coating

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A19580 Addendum to DGS for field joint coating

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19590 Addendum to DGS for field joint coating

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A19600 Addendum to DGS for field joint coating

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19610 Addendum to DGS for field joint coating

Receive Company Approval

Y Y Y Y Y Y Y

          A19620 Addendum to DGS for field joint coating

Issue as IFC

Y

        Data Sheet for Line pipe

          A19630 Data Sheet for Line pipe

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A19640 Data Sheet for Line pipe

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19650 Data Sheet for Line pipe

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19660 Data Sheet for Line pipe

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19670 Data Sheet for Line pipe

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19680 Data Sheet for Line pipe

Receive Company Approval

Y Y Y Y Y Y Y Y

          A19690 Data Sheet for Line pipe

Issue as IFC

Y Y

        Addendum to DGS for Hot induction bend

          A19770 Addendum to DGS for Hot induction bend

Prepare & Issue for COMPANY Review (ICR)

Y

          A19780 Addendum to DGS for Hot induction bend

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A19790 Addendum to DGS for Hot induction bend

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19800 Addendum to DGS for Hot induction bend

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A19810 Addendum to DGS for Hot induction bend

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19820 Addendum to DGS for Hot induction bend

Receive Company Approval

Y Y Y Y Y Y Y

          A19830 Addendum to DGS for Hot induction bend

Issue as IFC

Y

        Addendum to DGS for pipeline valve

          A19840 Addendum to DGS for pipeline valve

Prepare & Issue for COMPANY Review (ICR)

Y

          A19850 Addendum to DGS for pipeline valve

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A19860 Addendum to DGS for pipeline valve

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19870 Addendum to DGS for pipeline valve

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A19880 Addendum to DGS for pipeline valve

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A19890 Addendum to DGS for pipeline valve

Receive Company Approval

Y Y Y Y Y Y Y

          A19900 Addendum to DGS for pipeline valve

Issue as IFC

Y

        Data Sheet for Hot induction bend

          A19910 Data Sheet for Hot induction bend

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A19920 Data Sheet for Hot induction bend

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19930 Data Sheet for Hot induction bend

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19940 Data Sheet for Hot induction bend

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A19950 Data Sheet for Hot induction bend

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A19960 Data Sheet for Hot induction bend

Receive Company Approval

Y Y Y Y Y Y Y Y

          A19970 Data Sheet for Hot induction bend

Issue as IFC

Y Y

        Addendum to DGS for barred Tee

          A20050 Addendum to DGS for barred Tee

Prepare & Issue for COMPANY Review (ICR)

Y

          A20060 Addendum to DGS for barred Tee

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20070 Addendum to DGS for barred Tee

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20080 Addendum to DGS for barred Tee

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20090 Addendum to DGS for barred Tee

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20100 Addendum to DGS for barred Tee

Receive Company Approval

Y Y Y Y Y Y Y

          A20110 Addendum to DGS for barred Tee

Issue as IFC

Y

        Addendum to DGS for Isolating Joint

          A20120 Addendum to DGS for Isolating Joint

Prepare & Issue for COMPANY Review (ICR)

Y

          A20130 Addendum to DGS for Isolating Joint

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20140 Addendum to DGS for Isolating Joint

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20150 Addendum to DGS for Isolating Joint

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20160 Addendum to DGS for Isolating Joint

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20170 Addendum to DGS for Isolating Joint

Receive Company Approval

Y Y Y Y Y Y Y

          A20180 Addendum to DGS for Isolating Joint

Issue as IFC

Y

        Data Sheet for barred Tee

          A20190 Data Sheet for barred Tee

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A20200 Data Sheet for barred Tee

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20210 Data Sheet for barred Tee

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20220 Data Sheet for barred Tee

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20230 Data Sheet for barred Tee

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20240 Data Sheet for barred Tee

Receive Company Approval

Y Y Y Y Y Y Y Y

          A20250 Data Sheet for barred Tee

Issue as IFC

Y Y

        Data Sheet for Isolating Joint

          A20260 Data Sheet for Isolating Joint

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A20270 Data Sheet for Isolating Joint

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20280 Data Sheet for Isolating Joint

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20290 Data Sheet for Isolating Joint

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20300 Data Sheet for Isolating Joint

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20310 Data Sheet for Isolating Joint

Receive Company Approval

Y Y Y Y Y Y Y Y

          A20320 Data Sheet for Isolating Joint

Issue as IFC

Y Y

        Data Sheet for pipeline Manual valve

          A20330 Data Sheet for pipeline Manual valve

Prepare & Issue for COMPANY Review (ICR)

Y Y
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          A20340 Data Sheet for pipeline Manual valve

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20350 Data Sheet for pipeline Manual valve

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20360 Data Sheet for pipeline Manual valve

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20370 Data Sheet for pipeline Manual valve

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20380 Data Sheet for pipeline Manual valve

Receive Company Approval

Y Y Y Y Y Y Y Y

          A20390 Data Sheet for pipeline Manual valve

Issue as IFC

Y Y

        Data Sheet for Split Tee

          A20400 Data Sheet for Split Tee

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A20410 Data Sheet for Split Tee

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20420 Data Sheet for Split Tee

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20430 Data Sheet for Split Tee

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20440 Data Sheet for Split Tee

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20450 Data Sheet for Split Tee

Receive Company Approval

Y Y Y Y Y Y Y Y

          A20460 Data Sheet for Split Tee

Issue as IFC

Y Y

        Addendum to DGS for Anchor Fange

          A20680 Addendum to DGS for Anchor Fange

Prepare & Issue for COMPANY Review (ICR)

Y

          A20690 Addendum to DGS for Anchor Fange

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20700 Addendum to DGS for Anchor Fange

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20710 Addendum to DGS for Anchor Fange

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20720 Addendum to DGS for Anchor Fange

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20730 Addendum to DGS for Anchor Fange

Receive Company Approval

Y Y Y Y Y Y Y

          A20740 Addendum to DGS for Anchor Fange

Issue as IFC

Y

        Addendum to DGS for Pig Traps

          A20750 Addendum to DGS for Pig Traps

Prepare & Issue for COMPANY Review (ICR)

Y

          A20760 Addendum to DGS for Pig Traps

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20770 Addendum to DGS for Pig Traps

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20780 Addendum to DGS for Pig Traps

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20790 Addendum to DGS for Pig Traps

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20800 Addendum to DGS for Pig Traps

Receive Company Approval

Y Y Y Y Y Y Y

          A20810 Addendum to DGS for Pig Traps

Issue as IFC

Y

        Addendum to DGS for Pipeline Welding

          A20820 Addendum to DGS for Pipeline Welding

Prepare & Issue for COMPANY Review (ICR)

Y

          A20830 Addendum to DGS for Pipeline Welding

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20840 Addendum to DGS for Pipeline Welding

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20850 Addendum to DGS for Pipeline Welding

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A20860 Addendum to DGS for Pipeline Welding

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A20870 Addendum to DGS for Pipeline Welding

Receive Company Approval

Y Y Y Y Y Y Y

          A20880 Addendum to DGS for Pipeline Welding

Issue as IFC

Y

        Data Sheet for Anchor Fange

          A20890 Data Sheet for Anchor Fange

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A20900 Data Sheet for Anchor Fange

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20910 Data Sheet for Anchor Fange

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20920 Data Sheet for Anchor Fange

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20930 Data Sheet for Anchor Fange

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20940 Data Sheet for Anchor Fange

Receive Company Approval

Y Y Y Y Y Y Y Y

          A20950 Data Sheet for Anchor Fange

Issue as IFC

Y Y

        Data Sheet for Pig traps

          A20960 Data Sheet for Pig traps

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A20970 Data Sheet for Pig traps

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A20980 Data Sheet for Pig traps

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A20990 Data Sheet for Pig traps

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21000 Data Sheet for Pig traps

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A21010 Data Sheet for Pig traps

Receive Company Approval

Y Y Y Y Y Y Y Y

          A21020 Data Sheet for Pig traps

Issue as IFC

Y Y

        Typical Details of Pipeline Trench

          A21170 Typical Details of Pipeline Trench

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A21180 Typical Details of Pipeline Trench

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21190 Typical Details of Pipeline Trench

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A21200 Typical Details of Pipeline Trench

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21210 Typical Details of Pipeline Trench

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A21220 Typical Details of Pipeline Trench

Receive Company Approval

Y Y Y Y Y Y Y Y

          A21230 Typical Details of Pipeline Trench

Issue as IFC

Y Y

        Pipeline schematic

          A21310 Pipeline schematic

Prepare & Issue for COMPANY Review (ICR)

Y

          A21320 Pipeline schematic

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A21330 Pipeline schematic

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21340 Pipeline schematic

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A21350 Pipeline schematic

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21360 Pipeline schematic

Receive Company Approval

Y Y Y Y Y Y Y

          A21370 Pipeline schematic

Issue as IFC

Y

        Pipeline Overall Route Map

          A21380 Pipeline Overall Route Map

Prepare & Issue for COMPANY Review (ICR)

Y

          A21390 Pipeline Overall Route Map

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21400 Pipeline Overall Route Map

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21410 Pipeline Overall Route Map

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21420 Pipeline Overall Route Map

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21430 Pipeline Overall Route Map

Receive Company Approval

Y Y Y Y Y Y Y Y

          A21440 Pipeline Overall Route Map

Issue as IFC

Y

        Pipeline station approach drawing at KM-42 station

          A21590 Pipeline station approach drawing at KM-42 station

Prepare & Issue for COMPANY Review (ICR)

Y

          A21600 Pipeline station approach drawing at KM-42 station

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21610 Pipeline station approach drawing at KM-42 station

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21620 Pipeline station approach drawing at KM-42 station

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21630 Pipeline station approach drawing at KM-42 station

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21640 Pipeline station approach drawing at KM-42 station

Receive Company Approval

Y Y Y Y Y Y Y Y

          A21650 Pipeline station approach drawing at KM-42 station

Issue as IFC

Y

        Plot Plan at KM-42 (Pig trap area)

          A21870 Plot Plan at KM-42 (Pig trap area)

Prepare & Issue for COMPANY Review (ICR)

Y

          A21880 Plot Plan at KM-42 (Pig trap area)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21890 Plot Plan at KM-42 (Pig trap area)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21900 Plot Plan at KM-42 (Pig trap area)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A21910 Plot Plan at KM-42 (Pig trap area)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A21920 Plot Plan at KM-42 (Pig trap area)

Receive Company Approval

Y Y Y Y Y Y Y Y

          A21930 Plot Plan at KM-42 (Pig trap area)

Issue as IFC

Y

        Addendum to DGS for pipeline constrction, Precommissioning and Commissioning Precommissioning and Commissioning

          A22080 Addendum to DGS for pipeline constrction

Prepare & Issue for COMPANY Review (ICR)

Y

          A22090 Addendum to DGS for pipeline constrction

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A22100 Addendum to DGS for pipeline constrction

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22110 Addendum to DGS for pipeline constrction

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A22120 Addendum to DGS for pipeline constrction

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22130 Addendum to DGS for pipeline constrction

Receive Company Approval

Y Y Y Y Y Y Y

          A22140 Addendum to DGS for pipeline constrction

Issue as IFC

Y

        Addendum to DGS for pipeline hydrostatic testing, Cleaning and drying specifcation Cleaning and drying specifcation

          A22150 Addendum to DGS for pipeline hydrostatic testing

Prepare & Issue for COMPANY Review (ICR)

Y

          A22160 Addendum to DGS for pipeline hydrostatic testing

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A22170 Addendum to DGS for pipeline hydrostatic testing

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22180 Addendum to DGS for pipeline hydrostatic testing

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A22190 Addendum to DGS for pipeline hydrostatic testing

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22200 Addendum to DGS for pipeline hydrostatic testing

Receive Company Approval

Y Y Y Y Y Y Y

          A22210 Addendum to DGS for pipeline hydrostatic testing

Issue as IFC

Y

        Pipeline MTO

          A22290 Pipeline MTO

Prepare & Issue for COMPANY Review (ICR)

Y

          A22300 Pipeline MTO

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A22310 Pipeline MTO

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22320 Pipeline MTO

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A22330 Pipeline MTO

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22340 Pipeline MTO

Receive Company Approval

Y Y Y Y Y Y Y

          A22350 Pipeline MTO

Issue as IFC

Y

        Pipeline Balance Documents

          A29690 Pipeline Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Pipeline Alignment Drawing

Pipe Line Crossing drawings

Pipeline GAD & Isometris for AG lines

COMPANY standard drawings

Topo/ UG/ Geo survey report (under civil)

MR for Pipeline Items

MR for Pipeline Special Items ( such as Split Tee, Barred  

Tee, Pig trap, Isolation joint & Hot Induction bend & etc)

and etc

Y
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          A29700 Pipeline Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29710 Pipeline Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A29720 Pipeline Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29730 Pipeline Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A29740 Pipeline Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y

          A29750 Pipeline Balance Documents

Issue as IFC

Y

      ELECTRICAL

        Electrical Design Basis

          A22360 Electrical Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y

          A22370 Electrical Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22380 Electrical Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22390 Electrical Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22400 Electrical Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22410 Electrical Design Basis

Receive Company Approval

Y Y Y Y Y Y

          A22420 Electrical Design Basis

Issue as IFC

Y

        Overall Electrical Equipment Layout - Plan & Section

          A22430 Overall Electrical Equipment Layout - Plan & Section

Prepare & Issue for COMPANY Review (ICR)

Y

          A22440 Overall Electrical Equipment Layout - Plan & Section

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22450 Overall Electrical Equipment Layout - Plan & Section

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22460 Overall Electrical Equipment Layout - Plan & Section

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22470 Overall Electrical Equipment Layout - Plan & Section

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22480 Overall Electrical Equipment Layout - Plan & Section

Receive Company Approval

Y Y Y Y Y Y

          A22490 Overall Electrical Equipment Layout - Plan & Section

Issue as IFC

Y

        Data Sheet for 33/11.5 kV Power Transformer

          A22500 Data Sheet for 33/11.5 kV Power Transformer

Prepare & Issue for COMPANY Review (ICR)

Y

          A22510 Data Sheet for 33/11.5 kV Power Transformer

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22520 Data Sheet for 33/11.5 kV Power Transformer

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22530 Data Sheet for 33/11.5 kV Power Transformer

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22540 Data Sheet for 33/11.5 kV Power Transformer

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22550 Data Sheet for 33/11.5 kV Power Transformer

Receive Company Approval

Y Y Y Y Y Y

          A22560 Data Sheet for 33/11.5 kV Power Transformer

Issue as IFC

Y

        Data Sheet for 11/0.433 kV Power Transformer

          A22570 Data Sheet for 11/0.433 kV Power Transformer

Prepare & Issue for COMPANY Review (ICR)

Y

          A22580 Data Sheet for 11/0.433 kV Power Transformer

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22590 Data Sheet for 11/0.433 kV Power Transformer

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22600 Data Sheet for 11/0.433 kV Power Transformer

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22610 Data Sheet for 11/0.433 kV Power Transformer

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22620 Data Sheet for 11/0.433 kV Power Transformer

Receive Company Approval

Y Y Y Y Y Y

          A22630 Data Sheet for 11/0.433 kV Power Transformer

Issue as IFC

Y

        Data Sheet for Gas Insulated 33kV Switchgear

          A22640 Data Sheet for Gas Insulated 33kV Switchgear

Prepare & Issue for COMPANY Review (ICR)

Y

          A22650 Data Sheet for Gas Insulated 33kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22660 Data Sheet for Gas Insulated 33kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22670 Data Sheet for Gas Insulated 33kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22680 Data Sheet for Gas Insulated 33kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22690 Data Sheet for Gas Insulated 33kV Switchgear

Receive Company Approval

Y Y Y Y Y Y

          A22700 Data Sheet for Gas Insulated 33kV Switchgear

Issue as IFC

Y

        Data Sheet for 11kV Switchgear

          A22710 Data Sheet for 11kV Switchgear

Prepare & Issue for COMPANY Review (ICR)

Y

          A22720 Data Sheet for 11kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22730 Data Sheet for 11kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22740 Data Sheet for 11kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22750 Data Sheet for 11kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22760 Data Sheet for 11kV Switchgear

Receive Company Approval

Y Y Y Y Y Y

          A22770 Data Sheet for 11kV Switchgear

Issue as IFC

Y

        Data Sheet for Low Voltage Switchgear

          A22780 Data Sheet for Low Voltage Switchgear

Prepare & Issue for COMPANY Review (ICR)

Y

          A22790 Data Sheet for Low Voltage Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22800 Data Sheet for Low Voltage Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22810 Data Sheet for Low Voltage Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22820 Data Sheet for Low Voltage Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22830 Data Sheet for Low Voltage Switchgear

Receive Company Approval

Y Y Y Y Y Y

          A22840 Data Sheet for Low Voltage Switchgear

Issue as IFC

Y

        Data Sheet for Emergency Diesel Generator

          A22850 Data Sheet for Emergency Diesel Generator

Prepare & Issue for COMPANY Review (ICR)

Y

          A22860 Data Sheet for Emergency Diesel Generator

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22870 Data Sheet for Emergency Diesel Generator

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22880 Data Sheet for Emergency Diesel Generator

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22890 Data Sheet for Emergency Diesel Generator

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22900 Data Sheet for Emergency Diesel Generator

Receive Company Approval

Y Y Y Y Y Y

          A22910 Data Sheet for Emergency Diesel Generator

Issue as IFC

Y

        Data Sheet for AC UPS

          A22920 Data Sheet for AC UPS

Prepare & Issue for COMPANY Review (ICR)

Y

          A22930 Data Sheet for AC UPS

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22940 Data Sheet for AC UPS

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22950 Data Sheet for AC UPS

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A22960 Data Sheet for AC UPS

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A22970 Data Sheet for AC UPS

Receive Company Approval

Y Y Y Y Y Y

          A22980 Data Sheet for AC UPS

Issue as IFC

Y

        Data Sheet for DC UPS

          A22990 Data Sheet for DC UPS

Prepare & Issue for COMPANY Review (ICR)

Y

          A23000 Data Sheet for DC UPS

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23010 Data Sheet for DC UPS

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23020 Data Sheet for DC UPS

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23030 Data Sheet for DC UPS

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23040 Data Sheet for DC UPS

Receive Company Approval

Y Y Y Y Y Y

          A23050 Data Sheet for DC UPS

Issue as IFC

Y

        Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

          A23060 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Prepare & Issue for COMPANY Review (ICR)

Y

          A23070 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23080 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23090 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23100 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23110 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Receive Company Approval

Y Y Y Y Y Y

          A23120 Data Sheet for High Voltage Power Cables (11kV & 3.3kV)

Issue as IFC

Y

        Single Line Diagram - 33kV Switchgear

          A23130 Single Line Diagram - 33kV Switchgear

Prepare & Issue for COMPANY Review (ICR)

Y

          A23140 Single Line Diagram - 33kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23150 Single Line Diagram - 33kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23160 Single Line Diagram - 33kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23170 Single Line Diagram - 33kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23180 Single Line Diagram - 33kV Switchgear

Receive Company Approval

Y Y Y Y Y Y

          A23190 Single Line Diagram - 33kV Switchgear

Issue as IFC

Y

        Single Line Diagram - 11kV Switchgear

          A23200 Single Line Diagram - 11kV Switchgear

Prepare & Issue for COMPANY Review (ICR)

Y

          A23210 Single Line Diagram - 11kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23220 Single Line Diagram - 11kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23230 Single Line Diagram - 11kV Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23240 Single Line Diagram - 11kV Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23250 Single Line Diagram - 11kV Switchgear

Receive Company Approval

Y Y Y Y Y Y

          A23260 Single Line Diagram - 11kV Switchgear

Issue as IFC

Y

        Electrical Single Line Diagram - 415V Switchgear

          A23270 Electrical Single Line Diagram - 415V Switchgear

Prepare & Issue for COMPANY Review (ICR)

Y

          A23280 Electrical Single Line Diagram - 415V Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23290 Electrical Single Line Diagram - 415V Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23300 Electrical Single Line Diagram - 415V Switchgear

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23310 Electrical Single Line Diagram - 415V Switchgear

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23320 Electrical Single Line Diagram - 415V Switchgear

Receive Company Approval

Y Y Y Y Y Y

          A23330 Electrical Single Line Diagram - 415V Switchgear

Issue as IFC

Y

        Data Sheet for MV Capacitor Bank

          A23340 Data Sheet for MV Capacitor Bank

Prepare & Issue for COMPANY Review (ICR)

Y

          A23350 Data Sheet for MV Capacitor Bank

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23360 Data Sheet for MV Capacitor Bank

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23370 Data Sheet for MV Capacitor Bank

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23380 Data Sheet for MV Capacitor Bank

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23390 Data Sheet for MV Capacitor Bank

Receive Company Approval

Y Y Y Y Y Y
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          A23400 Data Sheet for MV Capacitor Bank

Issue as IFC

Y

        Data Sheet for Integrated Protection & Control Systems (IPCS)

          A23410 Data Sheet for Integrated Protection & Control Systems (IPCS)

Prepare & Issue for COMPANY Review (ICR)

Y

          A23420 Data Sheet for Integrated Protection & Control Systems (IPCS)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23430 Data Sheet for Integrated Protection & Control Systems (IPCS)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23440 Data Sheet for Integrated Protection & Control Systems (IPCS)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23450 Data Sheet for Integrated Protection & Control Systems (IPCS)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23460 Data Sheet for Integrated Protection & Control Systems (IPCS)

Receive Company Approval

Y Y Y Y Y Y

          A23470 Data Sheet for Integrated Protection & Control Systems (IPCS)

Issue as IFC

Y

        Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

          A23480 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Prepare & Issue for COMPANY Review (ICR)

Y

          A23490 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23500 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23510 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23520 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23530 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Receive Company Approval

Y Y Y Y Y Y

          A23540 Datasheet for 11/3.45 kV Unit Transformer for Fire Water Pump Motor

Issue as IFC

Y

        Data Sheet for LV Bus Duct

          A23550 Data Sheet for LV Bus Duct

Prepare & Issue for COMPANY Review (ICR)

Y

          A23560 Data Sheet for LV Bus Duct

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23570 Data Sheet for LV Bus Duct

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23580 Data Sheet for LV Bus Duct

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23590 Data Sheet for LV Bus Duct

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23600 Data Sheet for LV Bus Duct

Receive Company Approval

Y Y Y Y Y Y

          A23610 Data Sheet for LV Bus Duct

Issue as IFC

Y

        Data Sheet for NER

          A23620 Data Sheet for NER

Prepare & Issue for COMPANY Review (ICR)

Y

          A23630 Data Sheet for NER

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23640 Data Sheet for NER

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23650 Data Sheet for NER

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23660 Data Sheet for NER

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23670 Data Sheet for NER

Receive Company Approval

Y Y Y Y Y Y

          A23680 Data Sheet for NER

Issue as IFC

Y

        Data Sheet for 33kV Cable

          A23690 Data Sheet for 33kV Cable

Prepare & Issue for COMPANY Review (ICR)

Y

          A23700 Data Sheet for 33kV Cable

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23710 Data Sheet for 33kV Cable

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23720 Data Sheet for 33kV Cable

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23730 Data Sheet for 33kV Cable

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23740 Data Sheet for 33kV Cable

Receive Company Approval

Y Y Y Y Y Y

          A23750 Data Sheet for 33kV Cable

Issue as IFC

Y

        Electrical Load List

          A23760 Electrical Load List

Prepare & Issue for COMPANY Review (ICR)

Y

          A23770 Electrical Load List

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23780 Electrical Load List

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23790 Electrical Load List

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23800 Electrical Load List

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23810 Electrical Load List

Receive Company Approval

Y Y Y Y Y Y

          A23820 Electrical Load List

Issue as IFC

Y

        Overall Cable Tray Layout

          A23830 Overall Cable Tray Layout

Prepare & Issue for COMPANY Review (ICR)

Y

          A23840 Overall Cable Tray Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23850 Overall Cable Tray Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23860 Overall Cable Tray Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23870 Overall Cable Tray Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23880 Overall Cable Tray Layout

Receive Company Approval

Y Y Y Y Y Y

          A23890 Overall Cable Tray Layout

Issue as IFC

Y

        Overall Earthing Layout

          A23900 Overall Earthing Layout

Prepare & Issue for COMPANY Review (ICR)

Y

          A23910 Overall Earthing Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23920 Overall Earthing Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23930 Overall Earthing Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23940 Overall Earthing Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A23950 Overall Earthing Layout

Receive Company Approval

Y Y Y Y Y Y

          A23960 Overall Earthing Layout

Issue as IFC

Y

        Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building, Electrical Room Electrical Room

          A23970 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Prepare & Issue for COMPANY Review (ICR)

Y

          A23980 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A23990 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24000 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24010 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24020 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Receive Company Approval

Y Y Y Y Y Y

          A24030 Single Line Diagram - 240V AC UPS (834-UPSA-001A/B) Control Room Building

Issue as IFC

Y

        Emergency Diesel Generator (EDG) Sizing Calculation

          A24040 Emergency Diesel Generator (EDG) Sizing Calculation

Prepare & Issue for COMPANY Review (ICR)

Y

          A24050 Emergency Diesel Generator (EDG) Sizing Calculation

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24060 Emergency Diesel Generator (EDG) Sizing Calculation

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24070 Emergency Diesel Generator (EDG) Sizing Calculation

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24080 Emergency Diesel Generator (EDG) Sizing Calculation

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24090 Emergency Diesel Generator (EDG) Sizing Calculation

Receive Company Approval

Y Y Y Y Y Y

          A24100 Emergency Diesel Generator (EDG) Sizing Calculation

Issue as IFC

Y

        Electrical Overall Cable Routing Layout

          A24110 Electrical Overall Cable Routing Layout

Prepare & Issue for COMPANY Review (ICR)

Y

          A24120 Electrical Overall Cable Routing Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24130 Electrical Overall Cable Routing Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24140 Electrical Overall Cable Routing Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24150 Electrical Overall Cable Routing Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24160 Electrical Overall Cable Routing Layout

Receive Company Approval

Y Y Y Y Y Y

          A24170 Electrical Overall Cable Routing Layout

Issue as IFC

Y

        Substation Overall Electrical Equipment Layout

          A24180 Substation Overall Electrical Equipment Layout

Prepare & Issue for COMPANY Review (ICR)

Y

          A24190 Substation Overall Electrical Equipment Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24200 Substation Overall Electrical Equipment Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24210 Substation Overall Electrical Equipment Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24220 Substation Overall Electrical Equipment Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24230 Substation Overall Electrical Equipment Layout

Receive Company Approval

Y Y Y Y Y Y

          A24240 Substation Overall Electrical Equipment Layout

Issue as IFC

Y

        Electrical Cable Schedule

          A24250 Electrical Cable Schedule

Prepare & Issue for COMPANY Review (ICR)

Y

          A24260 Electrical Cable Schedule

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24270 Electrical Cable Schedule

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24280 Electrical Cable Schedule

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24290 Electrical Cable Schedule

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24300 Electrical Cable Schedule

Receive Company Approval

Y Y Y Y Y Y

          A24310 Electrical Cable Schedule

Issue as IFC

Y

        Overall Lighting Layout

          A24320 Overall Lighting Layout

Prepare & Issue for COMPANY Review (ICR)

Y

          A24330 Overall Lighting Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24340 Overall Lighting Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24350 Overall Lighting Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24360 Overall Lighting Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24370 Overall Lighting Layout

Receive Company Approval

Y Y Y Y Y Y

          A24380 Overall Lighting Layout

Issue as IFC

Y

        Data Sheet for LV Power, Control & Earthing Cables Control & Earthing Cables

          A24390 Data Sheet for LV Power

Prepare & Issue for COMPANY Review (ICR)

Y

          A24400 Data Sheet for LV Power

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24410 Data Sheet for LV Power

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24420 Data Sheet for LV Power

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24430 Data Sheet for LV Power

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24440 Data Sheet for LV Power

Receive Company Approval

Y Y Y Y Y Y

          A24450 Data Sheet for LV Power

Issue as IFC

Y

        Overall Lighting Protection Layout

          A24460 Overall Lighting Protection Layout

Prepare & Issue for COMPANY Review (ICR)

Y

          A24470 Overall Lighting Protection Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A24480 Overall Lighting Protection Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24490 Overall Lighting Protection Layout

Receive COMPANY Comments / Approval

Y Y Y Y Y Y
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          A24500 Overall Lighting Protection Layout

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A24510 Overall Lighting Protection Layout

Receive Company Approval

Y Y Y Y Y Y

          A24520 Overall Lighting Protection Layout

Issue as IFC

Y

        Electrical Balance Documents

          A29760 Electrical Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y

          A29770 Electrical Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29780 Electrical Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A29790 Electrical Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29800 Electrical Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A29810 Electrical Balance Documents

Receive Company Approval

Y Y Y Y Y Y

          A29820 Electrical Balance Documents

Issue as IFC

Y

      INSTRUMENTATION  & CONTROL

        Instrument Datasheet for Control Valves

          A25020 Instrument Datasheet for Control Valves

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25030 Instrument Datasheet for Control Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25040 Instrument Datasheet for Control Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25050 Instrument Datasheet for Control Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25060 Instrument Datasheet for Control Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25070 Instrument Datasheet for Control Valves

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25080 Instrument Datasheet for Control Valves

Issue as IFC

Y Y

        Instrument Datasheet for Automated ball Valves

          A25090 Instrument Datasheet for Automated ball Valves

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25100 Instrument Datasheet for Automated ball Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25110 Instrument Datasheet for Automated ball Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25120 Instrument Datasheet for Automated ball Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25130 Instrument Datasheet for Automated ball Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25140 Instrument Datasheet for Automated ball Valves

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25150 Instrument Datasheet for Automated ball Valves

Issue as IFC

Y Y

        Instrument Datasheet for Vibration Switches

          A25160 Instrument Datasheet for Vibration Switches

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25170 Instrument Datasheet for Vibration Switches

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y Y

          A25180 Instrument Datasheet for Vibration Switches

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25190 Instrument Datasheet for Vibration Switches

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y Y

          A25200 Instrument Datasheet for Vibration Switches

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25210 Instrument Datasheet for Vibration Switches

Receive Company Approval

Y Y Y Y Y Y Y Y Y Y

          A25220 Instrument Datasheet for Vibration Switches

Issue as IFC

Y Y

        Instrument Data Sheet for Safety Relief Valves

          A25230 Instrument Data Sheet for Safety Relief Valves

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25240 Instrument Data Sheet for Safety Relief Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25250 Instrument Data Sheet for Safety Relief Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25260 Instrument Data Sheet for Safety Relief Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25270 Instrument Data Sheet for Safety Relief Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25280 Instrument Data Sheet for Safety Relief Valves

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25290 Instrument Data Sheet for Safety Relief Valves

Issue as IFC

Y Y

        Instrument Data Sheets for HIPS Valves

          A25300 Instrument Data Sheets for HIPS Valves

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25310 Instrument Data Sheets for HIPS Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25320 Instrument Data Sheets for HIPS Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25330 Instrument Data Sheets for HIPS Valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25340 Instrument Data Sheets for HIPS Valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25350 Instrument Data Sheets for HIPS Valves

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25360 Instrument Data Sheets for HIPS Valves

Issue as IFC

Y Y

        Instrument Datasheet for Local Hand Switches

          A25370 Instrument Datasheet for Local Hand Switches

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25380 Instrument Datasheet for Local Hand Switches

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25390 Instrument Datasheet for Local Hand Switches

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25400 Instrument Datasheet for Local Hand Switches

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25410 Instrument Datasheet for Local Hand Switches

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25420 Instrument Datasheet for Local Hand Switches

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25430 Instrument Datasheet for Local Hand Switches

Issue as IFC

Y Y

        Instrument Datasheet for MOV valves

          A25440 Instrument Datasheet for MOV valves

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25450 Instrument Datasheet for MOV valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25460 Instrument Datasheet for MOV valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25470 Instrument Datasheet for MOV valves

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25480 Instrument Datasheet for MOV valves

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25490 Instrument Datasheet for MOV valves

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25500 Instrument Datasheet for MOV valves

Issue as IFC

Y Y

        Instrument Datasheet for Dew Point Analyzer

          A25510 Instrument Datasheet for Dew Point Analyzer

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25520 Instrument Datasheet for Dew Point Analyzer

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25530 Instrument Datasheet for Dew Point Analyzer

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25540 Instrument Datasheet for Dew Point Analyzer

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25550 Instrument Datasheet for Dew Point Analyzer

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25560 Instrument Datasheet for Dew Point Analyzer

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25570 Instrument Datasheet for Dew Point Analyzer

Issue as IFC

Y Y

        Instrument Data Sheet for Flow and Restriction Orifices

          A25580 Instrument Data Sheet for Flow and Restriction Orifices

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25590 Instrument Data Sheet for Flow and Restriction Orifices

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25600 Instrument Data Sheet for Flow and Restriction Orifices

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25610 Instrument Data Sheet for Flow and Restriction Orifices

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25620 Instrument Data Sheet for Flow and Restriction Orifices

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25630 Instrument Data Sheet for Flow and Restriction Orifices

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25640 Instrument Data Sheet for Flow and Restriction Orifices

Issue as IFC

Y Y

        Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

          A25650 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A25660 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25670 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25680 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A25690 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A25700 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A25710 Instrument Datasheet for Flow Transmitter (Multipath - Ultrasonic Type)

Issue as IFC

Y Y

        Instrument Datasheet for Rotameter

          A26070 Instrument Datasheet for Rotameter

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A26080 Instrument Datasheet for Rotameter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26090 Instrument Datasheet for Rotameter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26100 Instrument Datasheet for Rotameter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26110 Instrument Datasheet for Rotameter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26120 Instrument Datasheet for Rotameter

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26130 Instrument Datasheet for Rotameter

Issue as IFC

Y Y

        Instrument Datasheet for Level Gauges Magnetic Type

          A26140 Instrument Datasheet for Level Gauges Magnetic Type

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A26150 Instrument Datasheet for Level Gauges Magnetic Type

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26160 Instrument Datasheet for Level Gauges Magnetic Type

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26170 Instrument Datasheet for Level Gauges Magnetic Type

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26180 Instrument Datasheet for Level Gauges Magnetic Type

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26190 Instrument Datasheet for Level Gauges Magnetic Type

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26200 Instrument Datasheet for Level Gauges Magnetic Type

Issue as IFC

Y Y

        Instrument Datasheet for Pressure Transmitter

          A26210 Instrument Datasheet for Pressure Transmitter

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A26220 Instrument Datasheet for Pressure Transmitter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26230 Instrument Datasheet for Pressure Transmitter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26240 Instrument Datasheet for Pressure Transmitter

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26250 Instrument Datasheet for Pressure Transmitter

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26260 Instrument Datasheet for Pressure Transmitter

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26270 Instrument Datasheet for Pressure Transmitter

Issue as IFC

Y Y

        Instrument Datasheet for Level Transmitters-GWR

          A26280 Instrument Datasheet for Level Transmitters-GWR

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A26290 Instrument Datasheet for Level Transmitters-GWR

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26300 Instrument Datasheet for Level Transmitters-GWR

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26310 Instrument Datasheet for Level Transmitters-GWR

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26320 Instrument Datasheet for Level Transmitters-GWR

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26330 Instrument Datasheet for Level Transmitters-GWR

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26340 Instrument Datasheet for Level Transmitters-GWR

Issue as IFC

Y Y

        Instrument Datasheet for Temperature Gauges w/Thermowell

          A26350 Instrument Datasheet for Temperature Gauges w/Thermowell

Prepare & Issue for COMPANY Review (ICR)

Y Y
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          A26360 Instrument Datasheet for Temperature Gauges w/Thermowell

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26370 Instrument Datasheet for Temperature Gauges w/Thermowell

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26380 Instrument Datasheet for Temperature Gauges w/Thermowell

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26390 Instrument Datasheet for Temperature Gauges w/Thermowell

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26400 Instrument Datasheet for Temperature Gauges w/Thermowell

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26410 Instrument Datasheet for Temperature Gauges w/Thermowell

Issue as IFC

Y Y

        Instrument Datasheet for Pressure Gauges

          A26420 Instrument Datasheet for Pressure Gauges

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A26430 Instrument Datasheet for Pressure Gauges

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26440 Instrument Datasheet for Pressure Gauges

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26450 Instrument Datasheet for Pressure Gauges

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26460 Instrument Datasheet for Pressure Gauges

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26470 Instrument Datasheet for Pressure Gauges

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26480 Instrument Datasheet for Pressure Gauges

Issue as IFC

Y Y

        Instrument Datasheet for Temperature Transmitter w/Thermowell

          A26490 Instrument Datasheet for Temperature Transmitter w/Thermowell

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A26500 Instrument Datasheet for Temperature Transmitter w/Thermowell

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26510 Instrument Datasheet for Temperature Transmitter w/Thermowell

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26520 Instrument Datasheet for Temperature Transmitter w/Thermowell

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A26530 Instrument Datasheet for Temperature Transmitter w/Thermowell

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A26540 Instrument Datasheet for Temperature Transmitter w/Thermowell

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A26550 Instrument Datasheet for Temperature Transmitter w/Thermowell

Issue as IFC

Y Y

        Instrumentation & Control Balance Documents

          A29830 Instrumentation & Control Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A29840 Instrumentation & Control Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A29850 Instrumentation & Control Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29860 Instrumentation & Control Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y

          A29870 Instrumentation & Control Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29880 Instrumentation & Control Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y Y Y

          A29890 Instrumentation & Control Balance Documents

Issue as IFC

Y Y

      TELECOM

        Bill Of Material PAGA System

          A26630 Bill Of Material PAGA System

Prepare & Issue for COMPANY Review (ICR)

Y

          A26640 Bill Of Material PAGA System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26650 Bill Of Material PAGA System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26660 Bill Of Material PAGA System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26670 Bill Of Material PAGA System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26680 Bill Of Material PAGA System

Receive Company Approval

Y Y Y Y Y Y

          A26690 Bill Of Material PAGA System

Issue as IFC

Y

        Bill Of Material CCTV System

          A26700 Bill Of Material CCTV System

Prepare & Issue for COMPANY Review (ICR)

Y

          A26710 Bill Of Material CCTV System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26720 Bill Of Material CCTV System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26730 Bill Of Material CCTV System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26740 Bill Of Material CCTV System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26750 Bill Of Material CCTV System

Receive Company Approval

Y Y Y Y Y Y

          A26760 Bill Of Material CCTV System

Issue as IFC

Y

        Bill Of Material Access Control System

          A26840 Bill Of Material Access Control System

Prepare & Issue for COMPANY Review (ICR)

Y

          A26850 Bill Of Material Access Control System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26860 Bill Of Material Access Control System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26870 Bill Of Material Access Control System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26880 Bill Of Material Access Control System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26890 Bill Of Material Access Control System

Receive Company Approval

Y Y Y Y Y Y

          A26900 Bill Of Material Access Control System

Issue as IFC

Y

        Bill Of Material Telephone / LAN System

          A26770 Bill Of Material Telephone / LAN System

Prepare & Issue for COMPANY Review (ICR)

Y

          A26780 Bill Of Material Telephone / LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26790 Bill Of Material Telephone / LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26800 Bill Of Material Telephone / LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26810 Bill Of Material Telephone / LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26820 Bill Of Material Telephone / LAN System

Receive Company Approval

Y Y Y Y Y Y

          A26830 Bill Of Material Telephone / LAN System

Issue as IFC

Y

        Bill Of Material Security LAN System

          A27050 Bill Of Material Security LAN System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27060 Bill Of Material Security LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27070 Bill Of Material Security LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27080 Bill Of Material Security LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27090 Bill Of Material Security LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27100 Bill Of Material Security LAN System

Receive Company Approval

Y Y Y Y Y Y

          A27110 Bill Of Material Security LAN System

Issue as IFC

Y

        Bill Of Material Structured Cable System

          A27120 Bill Of Material Structured Cable System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27130 Bill Of Material Structured Cable System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27140 Bill Of Material Structured Cable System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27150 Bill Of Material Structured Cable System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27160 Bill Of Material Structured Cable System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27170 Bill Of Material Structured Cable System

Receive Company Approval

Y Y Y Y Y Y

          A27180 Bill Of Material Structured Cable System

Issue as IFC

Y

        Bill Of Material TETRA Radio System

          A26980 Bill Of Material TETRA Radio System

Prepare & Issue for COMPANY Review (ICR)

Y

          A26990 Bill Of Material TETRA Radio System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27000 Bill Of Material TETRA Radio System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27010 Bill Of Material TETRA Radio System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27020 Bill Of Material TETRA Radio System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27030 Bill Of Material TETRA Radio System

Receive Company Approval

Y Y Y Y Y Y

          A27040 Bill Of Material TETRA Radio System

Issue as IFC

Y

        Bill Of Material SDH System

          A26910 Bill Of Material SDH System

Prepare & Issue for COMPANY Review (ICR)

Y

          A26920 Bill Of Material SDH System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26930 Bill Of Material SDH System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26940 Bill Of Material SDH System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A26950 Bill Of Material SDH System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A26960 Bill Of Material SDH System

Receive Company Approval

Y Y Y Y Y Y

          A26970 Bill Of Material SDH System

Issue as IFC

Y

        Equipment Datasheet PAGA System

          A27680 Equipment Datasheet PAGA System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27690 Equipment Datasheet PAGA System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27700 Equipment Datasheet PAGA System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27710 Equipment Datasheet PAGA System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27720 Equipment Datasheet PAGA System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27730 Equipment Datasheet PAGA System

Receive Company Approval

Y Y Y Y Y Y

          A27740 Equipment Datasheet PAGA System

Issue as IFC

Y

        Equipment Datasheet CCTV System

          A27470 Equipment Datasheet CCTV System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27480 Equipment Datasheet CCTV System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27490 Equipment Datasheet CCTV System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27500 Equipment Datasheet CCTV System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27510 Equipment Datasheet CCTV System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27520 Equipment Datasheet CCTV System

Receive Company Approval

Y Y Y Y Y Y

          A27530 Equipment Datasheet CCTV System

Issue as IFC

Y

        Equipment Datasheet Access Control System

          A27610 Equipment Datasheet Access Control System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27620 Equipment Datasheet Access Control System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27630 Equipment Datasheet Access Control System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27640 Equipment Datasheet Access Control System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27650 Equipment Datasheet Access Control System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27660 Equipment Datasheet Access Control System

Receive Company Approval

Y Y Y Y Y Y

          A27670 Equipment Datasheet Access Control System

Issue as IFC

Y

        Equipment Datasheet Telephone / LAN System

          A27540 Equipment Datasheet Telephone / LAN System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27550 Equipment Datasheet Telephone / LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27560 Equipment Datasheet Telephone / LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27570 Equipment Datasheet Telephone / LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27580 Equipment Datasheet Telephone / LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27590 Equipment Datasheet Telephone / LAN System

Receive Company Approval

Y Y Y Y Y Y
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          A27600 Equipment Datasheet Telephone / LAN System

Issue as IFC

Y

        Equipment Datasheet Security LAN System

          A27400 Equipment Datasheet Security LAN System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27410 Equipment Datasheet Security LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27420 Equipment Datasheet Security LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27430 Equipment Datasheet Security LAN System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27440 Equipment Datasheet Security LAN System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27450 Equipment Datasheet Security LAN System

Receive Company Approval

Y Y Y Y Y Y

          A27460 Equipment Datasheet Security LAN System

Issue as IFC

Y

        Equipment Datasheet Structured Cable System

          A27330 Equipment Datasheet Structured Cable System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27340 Equipment Datasheet Structured Cable System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27350 Equipment Datasheet Structured Cable System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27360 Equipment Datasheet Structured Cable System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27370 Equipment Datasheet Structured Cable System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27380 Equipment Datasheet Structured Cable System

Receive Company Approval

Y Y Y Y Y Y

          A27390 Equipment Datasheet Structured Cable System

Issue as IFC

Y

        Equipment Datasheet TETRA Radio System

          A27260 Equipment Datasheet TETRA Radio System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27270 Equipment Datasheet TETRA Radio System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27280 Equipment Datasheet TETRA Radio System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27290 Equipment Datasheet TETRA Radio System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27300 Equipment Datasheet TETRA Radio System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27310 Equipment Datasheet TETRA Radio System

Receive Company Approval

Y Y Y Y Y Y

          A27320 Equipment Datasheet TETRA Radio System

Issue as IFC

Y

        Equipment Datasheet SDH System

          A27190 Equipment Datasheet SDH System

Prepare & Issue for COMPANY Review (ICR)

Y

          A27200 Equipment Datasheet SDH System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27210 Equipment Datasheet SDH System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27220 Equipment Datasheet SDH System

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A27230 Equipment Datasheet SDH System

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A27240 Equipment Datasheet SDH System

Receive Company Approval

Y Y Y Y Y Y

          A27250 Equipment Datasheet SDH System

Issue as IFC

Y

        Telecom Balance Documents

          A29900 Telecom Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y

          A29910 Telecom Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29920 Telecom Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A29930 Telecom Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29940 Telecom Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A29950 Telecom Balance Documents

Receive Company Approval

Y Y Y Y Y Y

          A29960 Telecom Balance Documents

Issue as IFC

Y

      HVAC

        HVAC Design Basis

          A27750 HVAC Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A27760 HVAC Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A27770 HVAC Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A27780 HVAC Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A27790 HVAC Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A27800 HVAC Design Basis

Receive Company Approval

Y Y Y Y Y Y Y

          A27810 HVAC Design Basis

Issue as IFC

Y Y

        HVAC Heat Load Calculations

          A27820 HVAC Heat Load Calculations

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A27830 HVAC Heat Load Calculations

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A27840 HVAC Heat Load Calculations

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A27850 HVAC Heat Load Calculations

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A27860 HVAC Heat Load Calculations

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A27870 HVAC Heat Load Calculations

Receive Company Approval

Y Y Y Y Y Y Y

          A27880 HVAC Heat Load Calculations

Issue as IFC

Y Y

        HVAC Balance Documents

          A29970 HVAC Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y Y

          A29980 HVAC Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A29990 HVAC Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A30000 HVAC Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A30010 HVAC Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A30020 HVAC Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y

          A30030 HVAC Balance Documents

Issue as IFC

Y Y

      FIRE & GAS

        Fire Water System - Design Basis

          A28660 Fire Water System - Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y

          A28670 Fire Water System - Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y

          A28680 Fire Water System - Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A28690 Fire Water System - Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A28700 Fire Water System - Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A28710 Fire Water System - Design Basis

Receive Company Approval

Y Y Y Y Y

          A28720 Fire Water System - Design Basis

Issue as IFC

Y

        Deluge System - Design Basis

          A28730 Deluge System - Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y

          A28740 Deluge System - Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y

          A28750 Deluge System - Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A28760 Deluge System - Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A28770 Deluge System - Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A28780 Deluge System - Design Basis

Receive Company Approval

Y Y Y Y Y

          A28790 Deluge System - Design Basis

Issue as IFC

Y

        Inergen System - Design Basis

          A28800 Inergen System - Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y

          A28810 Inergen System - Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y

          A28820 Inergen System - Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A28830 Inergen System - Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A28840 Inergen System - Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A28850 Inergen System - Design Basis

Receive Company Approval

Y Y Y Y Y

          A28860 Inergen System - Design Basis

Issue as IFC

Y

        Fire Protection & Detection Design Basis

          A28870 Fire Protection & Detection Design Basis

Prepare & Issue for COMPANY Review (ICR)

Y

          A28880 Fire Protection & Detection Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y

          A28890 Fire Protection & Detection Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A28900 Fire Protection & Detection Design Basis

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A28910 Fire Protection & Detection Design Basis

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A28920 Fire Protection & Detection Design Basis

Receive Company Approval

Y Y Y Y Y

          A28930 Fire Protection & Detection Design Basis

Issue as IFC

Y

        Fire & Gas Balance Documents

          A30040 Fire & Gas Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Addendum to COMPANY DGS

Fire and Gas Detector Layout

and etc

Y

          A30050 Fire & Gas Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y

          A30060 Fire & Gas Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y

          A30070 Fire & Gas Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y

          A30080 Fire & Gas Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

          A30090 Fire & Gas Balance Documents

Receive Company Approval

Y Y Y Y Y

          A30100 Fire & Gas Balance Documents

Issue as IFC

Y

      COMMON

        Technical Requisition for construction works

          A28940 Technical Requisition for construction works

Prepare & Issue for COMPANY Review (ICR)

Y Y Y

          A28950 Technical Requisition for construction works

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y Y

          A28960 Technical Requisition for construction works

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A28970 Technical Requisition for construction works

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y Y Y

          A28980 Technical Requisition for construction works

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A28990 Technical Requisition for construction works

Receive Company Approval

Y Y Y Y Y Y Y Y Y Y

          A29000 Technical Requisition for construction works

Issue as IFC

Y Y Y

        Technical Requisition for Engineering Services

          A29010 Technical Requisition for Engineering Services

Prepare & Issue for COMPANY Review (ICR)

Y Y Y

          A29020 Technical Requisition for Engineering Services

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29030 Technical Requisition for Engineering Services

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A29040 Technical Requisition for Engineering Services

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29050 Technical Requisition for Engineering Services

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A29060 Technical Requisition for Engineering Services

Receive Company Approval

Y Y Y Y Y Y Y

          A29070 Technical Requisition for Engineering Services

Issue as IFC

Y Y Y
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        Technical Requisition for Geotechnical Investigations

          A29080 Technical Requisition for Geotechnical Investigations

Prepare & Issue for COMPANY Review (ICR)

Y Y Y Y

          A29090 Technical Requisition for Geotechnical Investigations

Receive COMPANY Comments / Approval

Y Y Y Y Y Y

          A29100 Technical Requisition for Geotechnical Investigations

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y

          A29110 Technical Requisition for Geotechnical Investigations

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A29120 Technical Requisition for Geotechnical Investigations

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29130 Technical Requisition for Geotechnical Investigations

Receive Company Approval

Y Y Y Y Y Y Y Y

          A29140 Technical Requisition for Geotechnical Investigations

Issue as IFC

Y Y Y Y

        Technical Requisition for Topography and Underground Survey

          A29150 Technical Requisition for Topography and Underground Survey

Prepare & Issue for COMPANY Review (ICR)

Y Y Y

          A29160 Technical Requisition for Topography and Underground Survey

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A29170 Technical Requisition for Topography and Underground Survey

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y Y

          A29180 Technical Requisition for Topography and Underground Survey

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y Y

          A29190 Technical Requisition for Topography and Underground Survey

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y

          A29200 Technical Requisition for Topography and Underground Survey

Receive Company Approval

Y Y Y Y Y Y Y Y

          A29210 Technical Requisition for Topography and Underground Survey

Issue as IFC

Y Y Y Y

        Common Balance Documents

          A30110 Common Balance Documents

Prepare & Issue for COMPANY Review (ICR)

Y Y Y

          A30120 Common Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A30130 Common Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A30140 Common Balance Documents

Receive COMPANY Comments / Approval

Y Y Y Y Y Y Y

          A30150 Common Balance Documents

Incoporate Company comments and resubmit for 

Company approval (Issue 2)

Y Y Y

          A30160 Common Balance Documents

Receive Company Approval

Y Y Y Y Y Y Y

          A30170 Common Balance Documents

Issue as IFC

Y Y Y

      ISSUE FOR CONSTRUCTION

        COMPRESSOR AREA

          A30180 COMPRESSOR AREA

Piling Drawings

Y Y Y Y

          A30190 COMPRESSOR AREA

Foundation Drawings

Y Y Y Y

          A30200 COMPRESSOR AREA

Structural Drawings

Y Y Y Y

          A30230 COMPRESSOR AREA

Isometric Drawings  30" above

Y Y Y Y

          A30240 COMPRESSOR AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A30250 COMPRESSOR AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A30260 COMPRESSOR AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A30270 COMPRESSOR AREA

Isometric Drawings  below 6"

Y Y Y Y

          A30280 COMPRESSOR AREA

Pipe Support Drawings

Y Y

          A30320 COMPRESSOR AREA

E&I Support Drawings

Y Y Y

          A30330 COMPRESSOR AREA

E&I Cable Tray Drawings

Y Y

        SUBSTATION AREA

          A30890 SUBSTATION AREA

Piling Drawings

Y Y Y Y

          A30900 SUBSTATION AREA

Foundation Drawings

Y Y Y Y

          A30910 SUBSTATION AREA

Structural Drawings

Y Y Y Y

          A30920 SUBSTATION AREA

Isometric Drawings  30" above

Y Y Y Y

          A30930 SUBSTATION AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A30940 SUBSTATION AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A30950 SUBSTATION AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A30960 SUBSTATION AREA

Isometric Drawings  below 6"

Y Y Y Y

          A30970 SUBSTATION AREA

Pipe Support Drawings

Y Y

          A30980 SUBSTATION AREA

E&I Support Drawings

Y Y Y

          A30990 SUBSTATION AREA

E&I Cable Tray Drawings

Y Y

        PIPE RACK AREA

          A31110 PIPE RACK AREA

Piling Drawings

Y Y Y Y

          A31120 PIPE RACK AREA

Foundation Drawings

Y Y Y Y

          A31130 PIPE RACK AREA

Structural Drawings

Y Y Y Y

          A31140 PIPE RACK AREA

Isometric Drawings  30" above

Y Y Y Y

          A31150 PIPE RACK AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A31160 PIPE RACK AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A31170 PIPE RACK AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A31180 PIPE RACK AREA

Isometric Drawings  below 6"

Y Y Y Y

          A31190 PIPE RACK AREA

Pipe Support Drawings

Y Y

          A31200 PIPE RACK AREA

E&I Support Drawings

Y Y Y

          A31210 PIPE RACK AREA

E&I Cable Tray Drawings

Y Y

        UTILITY AREA

          A30340 UTILITY AREA

Piling Drawings

Y Y Y Y

          A30350 UTILITY AREA

Foundation Drawings

Y Y Y Y

          A30360 UTILITY AREA

Structural Drawings

Y Y Y Y

          A30370 UTILITY AREA

Isometric Drawings  30" above

Y Y Y Y

          A30380 UTILITY AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A30390 UTILITY AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A30400 UTILITY AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A30410 UTILITY AREA

Isometric Drawings  below 6"

Y Y Y Y

          A30420 UTILITY AREA

Pipe Support Drawings

Y Y

          A30430 UTILITY AREA

E&I Support Drawings

Y Y Y

          A30440 UTILITY AREA

E&I Cable Tray Drawings

Y Y

        TANK AREA

          A30670 TANK AREA

Piling Drawings

Y Y Y Y

          A30680 TANK AREA

Foundation Drawings

Y Y Y Y

          A30690 TANK AREA

Structural Drawings

Y Y Y Y

          A30700 TANK AREA

Isometric Drawings  30" above

Y Y Y Y

          A30710 TANK AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A30720 TANK AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A30730 TANK AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A30740 TANK AREA

Isometric Drawings  below 6"

Y Y Y Y

          A30750 TANK AREA

Pipe Support Drawings

Y Y

          A30760 TANK AREA

E&I Support Drawings

Y Y Y

          A30770 TANK AREA

E&I Cable Tray Drawings

Y Y

        CONTROL ROOM

          A30450 CONTROL ROOM

Piling Drawings

Y Y Y

          A30460 CONTROL ROOM

Foundation Drawings

Y Y Y

          A30470 CONTROL ROOM

Structural Drawings

Y Y Y

          A30540 CONTROL ROOM

E&I Support Drawings

Y Y Y

          A30550 CONTROL ROOM

E&I Cable Tray Drawings

Y Y Y

        CUSTODY AREA

          A30560 CUSTODY AREA

Piling Drawings

Y Y Y Y

          A30570 CUSTODY AREA

Foundation Drawings

Y Y Y Y

          A30580 CUSTODY AREA

Structural Drawings

Y Y Y Y

          A30590 CUSTODY AREA

Isometric Drawings  30" above

Y Y Y Y

          A30600 CUSTODY AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A30610 CUSTODY AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A30620 CUSTODY AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A30630 CUSTODY AREA

Isometric Drawings  below 6"

Y Y Y Y

          A30640 CUSTODY AREA

Pipe Support Drawings

Y Y

          A30650 CUSTODY AREA

E&I Support Drawings

Y Y Y

          A30660 CUSTODY AREA

E&I Cable Tray Drawings

Y Y

        FLARE AREA

          A30780 FLARE AREA

Piling Drawings

Y Y Y Y

          A30790 FLARE AREA

Foundation Drawings

Y Y Y Y

          A30800 FLARE AREA

Structural Drawings

Y Y Y Y

          A30810 FLARE AREA

Isometric Drawings  30" above

Y Y Y Y

          A30820 FLARE AREA

Isometric Drawings  20"-30"

Y Y Y Y

          A30830 FLARE AREA

Isometric Drawings  10"-20"

Y Y Y Y

          A30840 FLARE AREA

Isometric Drawings  6"-10"

Y Y Y Y

          A30850 FLARE AREA

Isometric Drawings  below 6"

Y Y Y Y

          A30860 FLARE AREA

Pipe Support Drawings

Y Y

          A30870 FLARE AREA

E&I Support Drawings

Y Y Y

          A30880 FLARE AREA

E&I Cable Tray Drawings

Y Y

        GATE & GUARD HOUSE AREA

          A31010 GATE & GUARD HOUSE AREA

Foundation Drawings

Y Y Y

          A31020 GATE & GUARD HOUSE AREA

Structural Drawings

Y Y Y

          A31090 GATE & GUARD HOUSE AREA

E&I Support Drawings

Y Y Y

          A31100 GATE & GUARD HOUSE AREA

E&I Cable Tray Drawings

Y Y Y

        PIPELINE-LAUNCHER STATION

          A31220 PIPELINE-LAUNCHER STATION

Foundation and Civil Drawing

Y Y Y

          A31230 PIPELINE-LAUNCHER STATION

Pipeline Drawing

Y Y Y

        PIPELINE-(KM42 TO COMPRESSOR STATION)

          A31240 PIPELINE-(KM42 TO COMPRESSOR STATION)

Civil Drawing

          A31250 PIPELINE-(KM42 TO COMPRESSOR STATION)

Pipeline Drawing

        PIPELINE- RECEIVER STATION( TAWEELAH STATION)

          A31260 PIPELINE- RECEIVER STATION( TAWEELAH STATION)

Foundation and Civil Drawing

          A31270 PIPELINE- RECEIVER STATION( TAWEELAH STATION)

Pipeline Drawing

        PIPELINE- (TAWEELAH STATION TO DEL KM 7 PL)

          A31280 PIPELINE- (TAWEELAH STATION TO DEL KM 7 PL)

Civil Drawing

          A31290 PIPELINE- (TAWEELAH STATION TO DEL KM 7 PL)

Pipeline Drawing
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Category

  PROJECT MILESTONESWBS Name

Activity Description

    PROCUREMENT

B.01

Issue Purchage Order for Gas Compressor Packages 

(NOTE-3)

B.02

Issue Purchase Orders for Air Coolers , Metering Skid 

Package and K.O Drums (NOTE-3)

B.03

Issue Purchase Orders for 33kV & 11kV Switchgears, 

HIPPS and Instrument Control Systems (ICS) Equipment 

(NOTE-3)

B.04

Issue Purchase Orders for other  Major Electrical 

Equipment and 33kV Cables

B.05

Issue Purchase Order for all balance equipment (Vessels & 

Drums, Pumps, Overhead Cranes, Gas Filters, Scrapper 

Launcher/

B.06

Issue (Firstl MTO) Purchase Orders for bulk  materials for 

all facilities (pipeline, piping and E& I materials), includi

B.07

Issue (Final MTO) Purchase Orders for bulk  materials for 

all facilities (pipeline, piping and E& I materials), includin

B.08

Submit G-SPIRs to company and Issue orders for the 

operating spares for all items after obtaining COMPANY 

approvals.

    MANUFACTURING & DELIVERY

C.01

Receive Gas Compresor Packages (Tag # 834-K-101/K-

201/K-301) at site

C.02

Receive Air Coolers , Metering Skid Package, K.O Drums 

and Air Compressor & Dryer Package at site

C.03

Receive 33kV & 11kV Switchgears and 33kV/11kV 

Transformers  Instrument Control System (ICS) and HIPS 

Equipment at site

C.04

Receive Other Major Electrical Equipment and 33kV cable 

at site

C.05

Receive  all balance equipment (Vessels & Drums, Pumps, 

Overhead Cranes, Gas Filters, Scrapper 

Launcher/Receiver, Nitrog

C.06

ReceiveFirst MTO bulk  materials for all facilities (Pipeline, 

Piping and E& I materials), including prefabricated spool

C.07

Receive Final MTO bulk  materials for all facilities (Pipeline, 

Piping and E& I materials), including prefabricated spoo

C.08

Receive Insurance Spares for all Equipment & Packages at 

site and handover to Company.

C.09

Receive the Operating Spares for all items at Site, as per 

approved GSPIRs and handover to Company.

  HOME OFFICE

    PROCUREMENT

        EQUIPMENT & PACKAGES

          MECHANICAL

            Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

              A1160 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1170 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Issue PO

Y YY Y Y Y

            Instrument Air Receiver

              A1280 Instrument Air Receiver

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1290 Instrument Air Receiver

Issue PO

Y YY Y Y Y

            Nitrogen  Receiver

              A1300 Nitrogen  Receiver

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1310 Nitrogen  Receiver

Issue PO

Y YY Y Y Y

            Sales Gas Filter

              A1320 Sales Gas Filter

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1330 Sales Gas Filter

Issue PO

Y YY Y Y Y

            Discharged Cooler

              A1340 Discharged Cooler

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1350 Discharged Cooler

Issue PO

Y YY Y Y Y

            Suction KO drum

              A1360 Suction KO drum

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1370 Suction KO drum

Issue PO

Y YY Y Y Y

            Closed drain drum

              A1380 Closed drain drum

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1390 Closed drain drum

Issue PO

Y YY Y Y Y

            IA Compessor Package

              A1400 IA Compessor Package

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1410 IA Compessor Package

Issue PO

Y YY Y Y Y

            Flare package

              A1420 Flare package

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1430 Flare package

Issue PO

Y YY Y Y Y

            EOT Cranes

              A1440 EOT Cranes

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1450 EOT Cranes

Issue PO

Y YY Y Y Y

            Portable Water Pump

              A1460 Portable Water Pump

Prepare and Issue MR

              A1470 Portable Water Pump

Issue PO

Y YY Y Y Y

            Portable water tank

              A1480 Portable water tank

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1490 Portable water tank

Issue PO

Y YY Y Y Y

            HVAC Package

              A1500 HVAC Package

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1510 HVAC Package

Issue PO

Y YY Y Y Y

            HVAC MATERIALS PACKAGE FOR SS

              A1520 HVAC MATERIALS PACKAGE FOR SS

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1530 HVAC MATERIALS PACKAGE FOR SS

Issue PO

Y YY Y Y Y

          ELECTRICAL

            Distribution board

              A1540 Distribution board

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1550 Distribution board

Issue PO

Y YY Y Y Y

            240V AC UPS (Control Building)

              A1560 240V AC UPS (Control Building)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1570 240V AC UPS (Control Building)

Issue PO

Y YY Y Y Y

            33kV GIS SWITCHGEAR

              A1580 33kV GIS SWITCHGEAR

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1590 33kV GIS SWITCHGEAR

Issue PO

Y YY Y Y Y

            11kV AIS (50kA)

              A1600 11kV AIS (50kA)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1610 11kV AIS (50kA)

Issue PO

Y YY Y Y Y

            LV SWITCHGEAR

              A1620 LV SWITCHGEAR

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1630 LV SWITCHGEAR

Issue PO

Y YY Y Y Y

            POWER TRANSFORMER 40 MVA

              A1640 POWER TRANSFORMER 40 MVA

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1650 POWER TRANSFORMER 40 MVA

Issue PO

Y YY Y Y Y

            DISTRIBUTION TRANSFORMER

              A1660 DISTRIBUTION TRANSFORMER

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1670 DISTRIBUTION TRANSFORMER

Issue PO

Y YY Y Y Y

            CAPACITOR BANK & FILTERS

              A1680 CAPACITOR BANK & FILTERS

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1690 CAPACITOR BANK & FILTERS

Issue PO

Y YY Y Y Y

            PROTECTION & CONTROL SYSTEM PACKAGE

              A1700 PROTECTION & CONTROL SYSTEM PACKAGE

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1710 PROTECTION & CONTROL SYSTEM PACKAGE

Issue PO

Y YY Y Y Y

            IPCS SYSTEM

              A1720 IPCS SYSTEM

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1730 IPCS SYSTEM

Issue PO

Y YY Y Y Y

            UPS SYSTEM

              A1740 UPS SYSTEM

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1750 UPS SYSTEM

Issue PO

Y YY Y Y Y

            DIESEL GENERATOR

              A1760 DIESEL GENERATOR

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1770 DIESEL GENERATOR

Issue PO

Y YY Y Y Y

            HV/ MV CABLE

              A1780 HV/ MV CABLE

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1790 HV/ MV CABLE

Issue PO

Y YY Y Y Y

            FIRE PROTECTION MATERIALS PACKAGE

              A1800 FIRE PROTECTION MATERIALS PACKAGE

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A1810 FIRE PROTECTION MATERIALS PACKAGE

Issue PO

Y YY Y Y Y

          INSTR. & CONTROL

            Metering skid

              A1820 Metering skid

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1830 Metering skid

Issue PO

Y YY Y Y Y

            DCS

              A1840 DCS

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1850 DCS

Issue PO

Y YY Y Y Y

            ESD and F&G

              A1860 ESD and F&G

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1870 ESD and F&G

Issue PO

Y YY Y Y Y

            HIPS (High Integrity Pressure Protection System)

              A1880 HIPS (High Integrity Pressure Protection System)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A1890 HIPS (High Integrity Pressure Protection System)

Issue PO

Y YY Y Y Y

            S/D valves

              A1900 S/D valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1910 S/D valves

Issue PO

Y YY Y Y Y

            Field Instruments

              A1920 Field Instruments

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1930 Field Instruments

Issue PO

Y YY Y Y Y

            MOV

              A1940 MOV

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1950 MOV

Issue PO

Y YY Y Y Y

            PSV

              A1960 PSV

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1970 PSV

Issue PO

Y YY Y Y Y

            Fibre Optic cable

              A1980 Fibre Optic cable

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A1990 Fibre Optic cable

Issue PO

Y YY Y Y Y

            Lan/Data Network

              A2000 Lan/Data Network

Prepare and Issue MR

              A2010 Lan/Data Network

Issue PO

Y YY Y Y Y

            Structured Cabling system

              A2020 Structured Cabling system

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2030 Structured Cabling system

Issue PO

Y YY Y Y Y

            CCTV system

              A2040 CCTV system

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2050 CCTV system

Issue PO

Y YY Y Y Y

Road works

Telecom

I&C

Procurement 

PMT

PMC

OE

PCQH

TE SUPPORT

EU-Pipeline Division

Contractor PMT

Contractor- Enginering Team

Contractor-QH

Vendors

Contractor Commissioning Engrs.

Subcontractors

Construction Engineer-Contractor

TPI

Civil Works

Structural Steel Works/Equipment Installation

Piping/Pipeline

Project Alpha

Activity Distribution Matrix
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            Flow Transmitters

              A2060 Flow Transmitters

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2070 Flow Transmitters

Issue PO

Y YY Y Y Y

            Pressure Transmitters

              A2080 Pressure Transmitters

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2090 Pressure Transmitters

Issue PO

Y YY Y Y Y

            Level Transmitters

              A2100 Level Transmitters

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2110 Level Transmitters

Issue PO

Y YY Y Y Y

            Level gauges

              A2120 Level gauges

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2130 Level gauges

Issue PO

Y YY Y Y Y

            Flow meters

              A2140 Flow meters

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2150 Flow meters

Issue PO

Y YY Y Y Y

            Pressure gauges

              A2160 Pressure gauges

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2170 Pressure gauges

Issue PO

Y YY Y Y Y

            Temperature gauges

              A2180 Temperature gauges

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2190 Temperature gauges

Issue PO

Y YY Y Y Y

            Rota meters

              A2200 Rota meters

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2210 Rota meters

Issue PO

Y YY Y Y Y

            Flow computers

              A2220 Flow computers

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2230 Flow computers

Issue PO

Y YY Y Y Y

            Gas chromatographs

              A2240 Gas chromatographs

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2250 Gas chromatographs

Issue PO

Y YY Y Y Y

            Dew point Analyzers

              A2260 Dew point Analyzers

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2270 Dew point Analyzers

Issue PO

Y YY Y Y Y

            Operator station

              A2280 Operator station

Prepare and Issue MR

              A2290 Operator station

Issue PO

Y YY Y Y Y

            Engineering station

              A2300 Engineering station

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A2310 Engineering station

Issue PO

Y YY Y Y Y

            OTS

              A2320 OTS

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2330 OTS

Issue PO

Y YY Y Y Y

            AMS

              A2340 AMS

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2350 AMS

Issue PO

Y YY Y Y Y

            Terminal servers

              A2360 Terminal servers

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A2370 Terminal servers

Issue PO

Y YY Y Y Y

            Telephone System (ACS)

              A2380 Telephone System (ACS)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A2390 Telephone System (ACS)

Issue PO

Y YY Y Y Y

            Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

              A2400 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

              A2410 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Issue PO

Y YY Y Y Y

          PIPELINE

            Suction scaraper Launcher (KM 42 station)

              A2420 Suction scaraper Launcher (KM 42 station)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2430 Suction scaraper Launcher (KM 42 station)

Issue PO

Y YY Y Y Y

            Suction scaraper receiver (TGCS)

              A2440 Suction scaraper receiver (TGCS)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2450 Suction scaraper receiver (TGCS)

Issue PO

Y YY Y Y Y

            Discharge scaraper Launcher (TGCS)

              A2460 Discharge scaraper Launcher (TGCS)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2470 Discharge scaraper Launcher (TGCS)

Issue PO

Y YY Y Y Y

            Discharge scaraper receiver (KM42)

              A2480 Discharge scaraper receiver (KM42)

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2490 Discharge scaraper receiver (KM42)

Issue PO

Y YY Y Y Y

            Cathodic protection for pipeline

              A2500 Cathodic protection for pipeline

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2510 Cathodic protection for pipeline

Issue PO

Y YY Y Y Y

            Material handling item

              A2520 Material handling item

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2530 Material handling item

Issue PO

Y YY Y Y Y

          SAFETY EQUIPMENT

            Fire & Gas System

              A2540 Fire & Gas System

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2550 Fire & Gas System

Issue PO

Y YY Y Y Y

            Fire Water Tank

              A2560 Fire Water Tank

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2570 Fire Water Tank

Issue PO

Y YY Y Y Y

            Fire Water Pump

              A2580 Fire Water Pump

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2590 Fire Water Pump

Issue PO

Y YY Y Y Y

            F&G Equipment

              A2600 F&G Equipment

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A2610 F&G Equipment

Issue PO

Y YY Y Y Y

          MISCELLANOUS (E&P)

            A29250 MISCELLANOUS (E&P)

Issue PO

Y YY Y Y Y

        BULK MATERIALS

          PIPING

            Pipes (CS) (NPS > 10")

              A2620 Pipes (CS) (NPS > 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2630 Pipes (CS) (NPS > 10")

Issue PO

Y YY Y Y Y

            Pipes (CS) (NPS < 10")

              A2640 Pipes (CS) (NPS < 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2650 Pipes (CS) (NPS < 10")

Issue PO

Y YY Y Y Y

            Pipes (SS)

              A2680 Pipes (SS)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2690 Pipes (SS)

Issue PO

Y YY Y Y Y

            Fittings (CS) (NPS >10")

              A2660 Fittings (CS) (NPS >10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2670 Fittings (CS) (NPS >10")

Issue PO

Y YY Y Y Y

            Fittings (CS) (NPS < 10")

              A2700 Fittings (CS) (NPS < 10")

Prepare and Issue MR

              A2710 Fittings (CS) (NPS < 10")

Issue PO

Y Y YY Y Y Y Y Y

            Fittings (SS) Y YY Y Y Y

              A2720 Fittings (SS)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2730 Fittings (SS)

Issue PO

Y YY Y Y Y

            Flange (CS) (NPS > 10")

              A2760 Flange (CS) (NPS > 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2770 Flange (CS) (NPS > 10")

Issue PO

Y YY Y Y Y

            Flange (CS) (NPS < 10")

              A2740 Flange (CS) (NPS < 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2750 Flange (CS) (NPS < 10")

Issue PO

Y YY Y Y Y

            Flange (SS)

              A2780 Flange (SS)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2790 Flange (SS)

Issue PO

Y YY Y Y Y

            Fasteners

              A2800 Fasteners

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2810 Fasteners

Issue PO

Y YY Y Y Y

            Gasket

              A2840 Gasket

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2850 Gasket

Issue PO

Y YY Y Y Y

            GRE Pipes & Fitings

              A2820 GRE Pipes & Fitings

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2830 GRE Pipes & Fitings

Issue PO

Y YY Y Y Y

            FBE Line Pipe incl. Galvanized piping

              A2860 FBE Line Pipe incl. Galvanized piping

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2870 FBE Line Pipe incl. Galvanized piping

Issue PO

Y YY Y Y Y

            FBE lined Fittings incl. galvanized fittings

              A2880 FBE lined Fittings incl. galvanized fittings

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2890 FBE lined Fittings incl. galvanized fittings

Issue PO

Y YY Y Y Y

            GRV pipes & fittings

              A2920 GRV pipes & fittings

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2930 GRV pipes & fittings

Issue PO

Y YY Y Y Y

            Ball valve (NPS > 10")

              A2900 Ball valve (NPS > 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2910 Ball valve (NPS > 10")

Issue PO

Y YY Y Y Y

            Ball valve (NPS < 10")

              A2940 Ball valve (NPS < 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2950 Ball valve (NPS < 10")

Issue PO

Y YY Y Y Y

            Butterfly valve (firewater) (NPS < 10")

              A2980 Butterfly valve (firewater) (NPS < 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2990 Butterfly valve (firewater) (NPS < 10")

Issue PO

Y YY Y Y Y

            Butterfly valve (firewater) (NPS > 10")

              A2960 Butterfly valve (firewater) (NPS > 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A2970 Butterfly valve (firewater) (NPS > 10")

Issue PO

Y YY Y Y Y

            Check Valve (NPS >10")

              A3020 Check Valve (NPS >10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3030 Check Valve (NPS >10")

Issue PO

Y YY Y Y Y

            Check Valve (NPS <10")

              A3060 Check Valve (NPS <10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3070 Check Valve (NPS <10")

Issue PO

Y YY Y Y Y

            Check Valve (firewater) (NPS > 10")

              A3040 Check Valve (firewater) (NPS > 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3050 Check Valve (firewater) (NPS > 10")

Issue PO

Y YY Y Y Y

            Check Valve (firewater) (NPS < 10")

              A3000 Check Valve (firewater) (NPS < 10")

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3010 Check Valve (firewater) (NPS < 10")

Issue PO

Y YY Y Y Y

            Non-slam check

              A3100 Non-slam check

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3110 Non-slam check

Issue PO

Y YY Y Y Y

            Gate (firewater)

              A3140 Gate (firewater)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3150 Gate (firewater)

Issue PO

Y YY Y Y Y

            Globe, Gate  Gate

              A3120 Globe

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3130 Globe

Issue PO

Y YY Y Y Y

            Double Block and Bleed

              A3080 Double Block and Bleed

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3090 Double Block and Bleed

Issue PO

Y YY Y Y Y

            Special pipe support (spring hanger, PTFE) PTFE)

              A3180 Special pipe support (spring hanger

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3190 Special pipe support (spring hanger

Issue PO

Y YY Y Y Y

            Strainer

              A3220 Strainer

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3230 Strainer

Issue PO

Y YY Y Y Y

            Silencer

              A3260 Silencer

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3270 Silencer

Issue PO

Y YY Y Y Y

            Flex Hose

              A3240 Flex Hose

Prepare and Issue MR

Y Y YY Y Y Y Y Y
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              A3250 Flex Hose

Issue PO

Y YY Y Y Y

            Manual Ball Valves

              A3200 Manual Ball Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3210 Manual Ball Valves

Issue PO

Y YY Y Y Y

            Manual Butterfly Valves

              A3160 Manual Butterfly Valves

Prepare and Issue MR

              A3170 Manual Butterfly Valves

Issue PO

Y Y YY Y Y Y Y Y

            Manual Check Valves Y YY Y Y Y

              A5440 Manual Check Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A5450 Manual Check Valves

Issue PO

Y YY Y Y Y

            Manual Gate Valves

              A3280 Manual Gate Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3290 Manual Gate Valves

Issue PO

Y YY Y Y Y

            Manual Globe Valves

              A3300 Manual Globe Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3310 Manual Globe Valves

Issue PO

Y YY Y Y Y

            Manual Plug Valves

              A3340 Manual Plug Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3350 Manual Plug Valves

Issue PO

Y YY Y Y Y

            Motor Operated Ball Valves

              A3320 Motor Operated Ball Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3330 Motor Operated Ball Valves

Issue PO

Y YY Y Y Y

            Automatic Recirculation Valves

              A3380 Automatic Recirculation Valves

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3390 Automatic Recirculation Valves

Issue PO

Y YY Y Y Y

            Metallic Pipes

              A3420 Metallic Pipes

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3430 Metallic Pipes

Issue PO

Y YY Y Y Y

            FBE lined Flanges

              A3400 FBE lined Flanges

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3410 FBE lined Flanges

Issue PO

Y YY Y Y Y

            GRE Flanges

              A3360 GRE Flanges

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3370 GRE Flanges

Issue PO

Y YY Y Y Y

            Metallic Fittings

              A3460 Metallic Fittings

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3470 Metallic Fittings

Issue PO

Y YY Y Y Y

            Metallic Flanges

              A3500 Metallic Flanges

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3510 Metallic Flanges

Issue PO

Y YY Y Y Y

          33kV Cable

            33kV Cable

              A3480 33kV Cable

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3490 33kV Cable

Issue PO

Y YY Y Y Y

          ELECTRICAL

            Electrical Earthing system

              A3640 Electrical Earthing system

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3650 Electrical Earthing system

Issue PO

Y YY Y Y Y

            Lightning protection system

              A3660 Lightning protection system

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3670 Lightning protection system

Issue PO

Y YY Y Y Y

            Electrical lighting System

              A3700 Electrical lighting System

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3710 Electrical lighting System

Issue PO

Y YY Y Y Y

            cable tray

              A3680 cable tray

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3690 cable tray

Issue PO

Y YY Y Y Y

            LV Power & control cable

              A3740 LV Power & control cable

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3750 LV Power & control cable

Issue PO

Y YY Y Y Y

            Instrumentation cable

              A3780 Instrumentation cable

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3790 Instrumentation cable

Issue PO

Y YY Y Y Y

            Telecom Cables

              A3760 Telecom Cables

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3770 Telecom Cables

Issue PO

Y YY Y Y Y

            GLANDING & TERMINATION MATERIALS

              A3720 GLANDING & TERMINATION MATERIALS

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3730 GLANDING & TERMINATION MATERIALS

Issue PO

Y YY Y Y Y

            TERMINATION KITS

              A3820 TERMINATION KITS

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3830 TERMINATION KITS

Issue PO

Y YY Y Y Y

            REMOTE END MODIFICATION MATERIALS

              A3860 REMOTE END MODIFICATION MATERIALS

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3870 REMOTE END MODIFICATION MATERIALS

Issue PO

Y YY Y Y Y

            Miscellaneous

              A3840 Miscellaneous

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A3850 Miscellaneous

Issue PO

Y YY Y Y Y

          INTRUMENTATION & CONTROL

            Instrument Cables and Cable Tray

              A4000 Instrument Cables and Cable Tray

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4010 Instrument Cables and Cable Tray

Issue PO

Y YY Y Y Y

            Instrument Junction Boxes

              A4020 Instrument Junction Boxes

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4030 Instrument Junction Boxes

Issue PO

Y YY Y Y Y

            F & G Devices

              A4060 F & G Devices

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4070 F & G Devices

Issue PO

Y YY Y Y Y

            Telecom MTO

              A4040 Telecom MTO

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4050 Telecom MTO

Issue PO

Y YY Y Y Y

            Miscellaneous

              A4100 Miscellaneous

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4110 Miscellaneous

Issue PO

Y YY Y Y Y

          CIVIL/STRUCTURAL

            Sand Filling

              A4380 Sand Filling

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4390 Sand Filling

Issue PO

Y YY Y Y Y

            Blast resistant doors, windows & Ventilators windows & Ventilators

              A4420 Blast resistant doors

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4430 Blast resistant doors

Issue PO

Y YY Y Y Y

            Fire rated doors,windows & Ventilatorswindows & Ventilators

              A4400 Fire rated doors

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4410 Fire rated doors

Issue PO

Y YY Y Y Y

            Fencing & Gates

              A4460 Fencing & Gates

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4470 Fencing & Gates

Issue PO

Y YY Y Y Y

            Floor Tile:

              A4500 Floor Tile:

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4510 Floor Tile:

Issue PO

Y YY Y Y Y

            PVC pipe (Sewer pipe& rain water pipe)

              A4480 PVC pipe (Sewer pipe& rain water pipe)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4490 PVC pipe (Sewer pipe& rain water pipe)

Issue PO

Y YY Y Y Y

            AOC Sewer-GRE pipe

              A4440 AOC Sewer-GRE pipe

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4450 AOC Sewer-GRE pipe

Issue PO

Y YY Y Y Y

            Structural Steel - 1st Lot - 800 MT

              A4540 Structural Steel - 1st Lot - 800 MT

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4550 Structural Steel - 1st Lot - 800 MT

Issue PO

Y YY Y Y Y

            Structural steel - 2nd Lot - 800 MT

              A4580 Structural steel - 2nd Lot - 800 MT

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4590 Structural steel - 2nd Lot - 800 MT

Issue PO

Y YY Y Y Y

            Structural steel - 3rd Lot - 600 MT (Estimated)

              A4560 Structural steel - 3rd Lot - 600 MT (Estimated)

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4570 Structural steel - 3rd Lot - 600 MT (Estimated)

Issue PO

Y YY Y Y Y

            Steel Grating

              A4520 Steel Grating

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4530 Steel Grating

Issue PO

Y YY Y Y Y

            Steel ladder & Handrail

              A4620 Steel ladder & Handrail

Prepare and Issue MR

Y Y YY Y Y Y Y Y

              A4630 Steel ladder & Handrail

Issue PO

Y YY Y Y Y

          PIPELINE

            Pipeline,

              A4720 Pipeline

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A4730 Pipeline

Issue PO

Y YY Y Y Y

            Pipeline components

              A4740 Pipeline components

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A4750 Pipeline components

Issue PO

Y YY Y Y Y

          SAFETY

            Fire Hydrant

              A5080 Fire Hydrant

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A5090 Fire Hydrant

Issue PO

Y YY Y Y Y

            Fire Hydrant components

              A5100 Fire Hydrant components

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

              A5110 Fire Hydrant components

Issue PO

Y YY Y Y Y

          MISCELLANOUS (BM)

            A29260 MISCELLANOUS (BM)

Issue PO

Y YY Y Y Y

      2 YEARS OPERATING SPARES

        Equipment / Packages - Mechanical

          A5460 Equipment / Packages - Mechanical

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y Y

          A5470 Equipment / Packages - Mechanical

Issue PO

Y YY Y Y Y

        Equipment / Packages - Electrical

          A5480 Equipment / Packages - Electrical

Prepare and Issue MR

Y Y YY Y Y Y Y Y

          A5490 Equipment / Packages - Electrical

Issue PO

Y YY Y Y Y

        Equipment / Packages - Instrumentation

          A5500 Equipment / Packages - Instrumentation

Prepare and Issue MR

Y Y YY Y Y Y Y Y Y

          A5510 Equipment / Packages - Instrumentation

Issue PO

Y YY Y Y Y

    SUBCONTRACTING SERVICES

      Geotechnical Investing survey

        A5520 Geotechnical Investing survey

Prepare and Issue MR

        A5530 Geotechnical Investing survey

Issue PO

      Topo Survey

        A5540 Topo Survey

Prepare and Issue MR

        A5550 Topo Survey

Issue PO

      Piling Work

        A5580 Piling Work

Prepare and Issue MR

        A5590 Piling Work

Issue PO

      Soil Improvement work

        A5560 Soil Improvement work

Prepare and Issue MR

        A5570 Soil Improvement work

Issue PO

      Dewatering work

        A5600 Dewatering work

Prepare and Issue MR

        A5610 Dewatering work

Issue PO

      Civil Construction work

        A5620 Civil Construction work

Prepare and Issue MR

        A5630 Civil Construction work

Issue PO

      Mechanical Equipment Package Erection

        A5660 Mechanical Equipment Package Erection

Prepare and Issue MR

        A5670 Mechanical Equipment Package Erection

Issue PO

      Detail Engineering - Civil, HSE study and Pipeline HSE study and Pipeline

        A5640 Detail Engineering - Civil

Prepare and Issue MR

        A5650 Detail Engineering - Civil

Issue PO
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      Pipeline Work

        A5680 Pipeline Work

Prepare and Issue MR

        A5690 Pipeline Work

Issue PO

      Structural material supply, Fabrication and Installation Fabrication and Installation

        A5700 Structural material supply

Prepare and Issue MR

        A5710 Structural material supply

Issue PO

      Piping Material Supply, Fabrication & Installation Fabrication & Installation

        A5740 Piping Material Supply

Prepare and Issue MR

        A5750 Piping Material Supply

Issue PO

      Pipe Stress Analysis

        A5720 Pipe Stress Analysis

Prepare and Issue MR

        A5730 Pipe Stress Analysis

Issue PO

      Electrical and Instrument installation work

        A5760 Electrical and Instrument installation work

Prepare and Issue MR

        A5770 Electrical and Instrument installation work

Issue PO

      Transportation Work

        A5780 Transportation Work

Prepare and Issue MR

        A5790 Transportation Work

Issue PO

      Hot Tapping Work

        A5820 Hot Tapping Work

Prepare and Issue MR

        A5830 Hot Tapping Work

Issue PO

      Painting Work

        A5800 Painting Work

Prepare and Issue MR

        A5810 Painting Work

Issue PO

      NDT works at Site

        A5840 NDT works at Site

Prepare and Issue MR

        A5850 NDT works at Site

Issue PO

      Telecom Work

        A5880 Telecom Work

Prepare and Issue MR

        A5890 Telecom Work

Issue PO

      AIV Study

        A5860 AIV Study

Prepare and Issue MR

        A5870 AIV Study

Issue PO

      RAM Study

        A5920 RAM Study

Prepare and Issue MR

        A5930 RAM Study

Issue PO

      Dinamac Simulation Study

        A5960 Dinamac Simulation Study

Prepare and Issue MR

        A5970 Dinamac Simulation Study

Issue PO

      Harmonic Study

        A5940 Harmonic Study

Prepare and Issue MR

        A5950 Harmonic Study

Issue PO

      EMC planning Study

        A5900 EMC planning Study

Prepare and Issue MR

        A5910 EMC planning Study

Issue PO

      Noice Study

        A6000 Noice Study

Prepare and Issue MR

        A6010 Noice Study

Issue PO

      F&G Mapping Study

        A6040 F&G Mapping Study

Prepare and Issue MR

        A6050 F&G Mapping Study

Issue PO

      Corrosion and Material Assessment Study

        A6020 Corrosion and Material Assessment Study

Prepare and Issue MR

        A6030 Corrosion and Material Assessment Study

Issue PO

      RBI Study

        A5980 RBI Study

Prepare and Issue MR

        A5990 RBI Study

Issue PO

  MANUFACTURING & DELIVERY

    EQUIPMENT & PACKAGES

      MECHANICAL

        Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

          A6060 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6070 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6080 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y Y Y

          A6090 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Ex-Work Delivery (FOB)

Y Y Y Y

          A6100 Gas Compressor Train (Compressor + Motor + VFD Transformer + VFD + MMS Pannel)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Instrument Air Receiver

          A6110 Instrument Air Receiver

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6120 Instrument Air Receiver

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6130 Instrument Air Receiver

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y Y Y

          A6140 Instrument Air Receiver

Ex-Work Delivery (FOB)

Y Y Y Y

          A6150 Instrument Air Receiver

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Nitrogen  Receiver

          A6160 Nitrogen  Receiver

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6170 Nitrogen  Receiver

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6180 Nitrogen  Receiver

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y Y Y

          A6190 Nitrogen  Receiver

Ex-Work Delivery (FOB)

Y Y Y Y

          A6200 Nitrogen  Receiver

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Sales Gas Filter

          A6210 Sales Gas Filter

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6220 Sales Gas Filter

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6230 Sales Gas Filter

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A6240 Sales Gas Filter

Ex-Work Delivery (FOB)

Y Y Y Y

          A6250 Sales Gas Filter

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Discharged Cooler

          A6260 Discharged Cooler

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6270 Discharged Cooler

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6280 Discharged Cooler

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A6290 Discharged Cooler

Ex-Work Delivery (FOB)

Y Y Y Y

          A6300 Discharged Cooler

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Suction KO drum

          A6310 Suction KO drum

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6320 Suction KO drum

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6330 Suction KO drum

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A6340 Suction KO drum

Ex-Work Delivery (FOB)

Y Y Y Y

          A6350 Suction KO drum

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Closed drain drum

          A6360 Closed drain drum

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6370 Closed drain drum

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6380 Closed drain drum

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A6390 Closed drain drum

Ex-Work Delivery (FOB)

Y Y Y Y

          A6400 Closed drain drum

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        IA Compessor Package

          A6410 IA Compessor Package

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6420 IA Compessor Package

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6430 IA Compessor Package

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y Y Y

          A6440 IA Compessor Package

Ex-Work Delivery (FOB)

Y Y Y Y

          A6450 IA Compessor Package

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Flare package

          A6460 Flare package

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6470 Flare package

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y Y

          A6480 Flare package

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y Y Y

          A6490 Flare package

Ex-Work Delivery (FOB)

Y Y Y Y

          A6500 Flare package

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        EOT Cranes

          A6510 EOT Cranes

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6520 EOT Cranes

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6530 EOT Cranes

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A6540 EOT Cranes

Ex-Work Delivery (FOB)

Y Y Y Y

          A6550 EOT Cranes

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Portable Water Pump

          A6560 Portable Water Pump

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6570 Portable Water Pump

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6580 Portable Water Pump

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A6590 Portable Water Pump

Ex-Work Delivery (FOB)

Y Y Y Y

          A6600 Portable Water Pump

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Portable water tank

          A6610 Portable water tank

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A6620 Portable water tank

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A6630 Portable water tank

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6640 Portable water tank

Ex-Work Delivery (FOB)

Y Y Y Y

          A6650 Portable water tank

Receipt at Site

Y Y Y Y Y Y Y Y Y

        HVAC Package

          A6660 HVAC Package

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A6670 HVAC Package

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A6680 HVAC Package

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6690 HVAC Package

Ex-Work Delivery (FOB)

Y Y Y Y

          A6700 HVAC Package

Receipt at Site

Y Y Y Y Y Y Y Y Y

        HVAC MATERIALS PACKAGE FOR SS

          A6710 HVAC MATERIALS PACKAGE FOR SS

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A6720 HVAC MATERIALS PACKAGE FOR SS

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A6730 HVAC MATERIALS PACKAGE FOR SS

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A6740 HVAC MATERIALS PACKAGE FOR SS

Ex-Work Delivery (FOB)

Y Y Y Y

          A6750 HVAC MATERIALS PACKAGE FOR SS

Receipt at Site

Y Y Y Y Y Y Y Y Y

      ELECTRICAL

        Distribution board

          A6760 Distribution board

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6770 Distribution board

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6780 Distribution board

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6790 Distribution board

Ex-Work Delivery (FOB)

Y Y Y Y

          A6800 Distribution board

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        240V AC UPS (Control Building)

          A6810 240V AC UPS (Control Building)

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6820 240V AC UPS (Control Building)

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6830 240V AC UPS (Control Building)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6840 240V AC UPS (Control Building)

Ex-Work Delivery (FOB)

Y Y Y Y

          A6850 240V AC UPS (Control Building)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        33kV GIS SWITCHGEAR

          A6860 33kV GIS SWITCHGEAR

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6870 33kV GIS SWITCHGEAR

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6880 33kV GIS SWITCHGEAR

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6890 33kV GIS SWITCHGEAR

Ex-Work Delivery (FOB)

Y Y Y Y

          A6900 33kV GIS SWITCHGEAR

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        11kV AIS (50kA)

          A6910 11kV AIS (50kA)

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6920 11kV AIS (50kA)

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6930 11kV AIS (50kA)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6940 11kV AIS (50kA)

Ex-Work Delivery (FOB)

Y Y Y Y

          A6950 11kV AIS (50kA)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        LV SWITCHGEAR

          A6960 LV SWITCHGEAR

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6970 LV SWITCHGEAR

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A6980 LV SWITCHGEAR

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A6990 LV SWITCHGEAR

Ex-Work Delivery (FOB)

Y Y Y Y

          A7000 LV SWITCHGEAR

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        POWER TRANSFORMER 40 MVA

          A7010 POWER TRANSFORMER 40 MVA

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7020 POWER TRANSFORMER 40 MVA

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7030 POWER TRANSFORMER 40 MVA

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7040 POWER TRANSFORMER 40 MVA

Ex-Work Delivery (FOB)

Y Y Y Y

          A7050 POWER TRANSFORMER 40 MVA

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        DISTRIBUTION TRANSFORMER
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          A7060 DISTRIBUTION TRANSFORMER

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7070 DISTRIBUTION TRANSFORMER

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7080 DISTRIBUTION TRANSFORMER

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7090 DISTRIBUTION TRANSFORMER

Ex-Work Delivery (FOB)

Y Y Y Y

          A7100 DISTRIBUTION TRANSFORMER

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        CAPACITOR BANK & FILTERS

          A7110 CAPACITOR BANK & FILTERS

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7120 CAPACITOR BANK & FILTERS

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7130 CAPACITOR BANK & FILTERS

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7140 CAPACITOR BANK & FILTERS

Ex-Work Delivery (FOB)

Y Y Y Y

          A7150 CAPACITOR BANK & FILTERS

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        PROTECTION & CONTROL SYSTEM PACKAGE

          A7160 PROTECTION & CONTROL SYSTEM PACKAGE

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7170 PROTECTION & CONTROL SYSTEM PACKAGE

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7180 PROTECTION & CONTROL SYSTEM PACKAGE

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7190 PROTECTION & CONTROL SYSTEM PACKAGE

Ex-Work Delivery (FOB)

Y Y Y Y

          A7200 PROTECTION & CONTROL SYSTEM PACKAGE

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        IPCS SYSTEM

          A7210 IPCS SYSTEM

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7220 IPCS SYSTEM

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7230 IPCS SYSTEM

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7240 IPCS SYSTEM

Ex-Work Delivery (FOB)

Y Y Y Y

          A7250 IPCS SYSTEM

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        UPS SYSTEM

          A7260 UPS SYSTEM

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7270 UPS SYSTEM

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7280 UPS SYSTEM

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7290 UPS SYSTEM

Ex-Work Delivery (FOB)

Y Y Y Y

          A7300 UPS SYSTEM

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        DIESEL GENERATOR

          A7310 DIESEL GENERATOR

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7320 DIESEL GENERATOR

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7330 DIESEL GENERATOR

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7340 DIESEL GENERATOR

Ex-Work Delivery (FOB)

Y Y Y Y

          A7350 DIESEL GENERATOR

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        HV/ MV CABLE

          A7360 HV/ MV CABLE

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7370 HV/ MV CABLE

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7380 HV/ MV CABLE

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7390 HV/ MV CABLE

Ex-Work Delivery (FOB)

Y Y Y Y

          A7400 HV/ MV CABLE

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        FIRE PROTECTION MATERIALS PACKAGE

          A7410 FIRE PROTECTION MATERIALS PACKAGE

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7420 FIRE PROTECTION MATERIALS PACKAGE

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7430 FIRE PROTECTION MATERIALS PACKAGE

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7440 FIRE PROTECTION MATERIALS PACKAGE

Ex-Work Delivery (FOB)

Y Y Y Y

          A7450 FIRE PROTECTION MATERIALS PACKAGE

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

      INSTR. & CONTROL

        Metering skid

          A7460 Metering skid

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7470 Metering skid

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7480 Metering skid

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7490 Metering skid

Ex-Work Delivery (FOB)

Y Y Y Y

          A7500 Metering skid

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        DCS

          A7510 DCS

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7520 DCS

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7530 DCS

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7540 DCS

Ex-Work Delivery (FOB)

Y Y Y Y

          A7550 DCS

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        ESD and F&G

          A7560 ESD and F&G

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7570 ESD and F&G

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7580 ESD and F&G

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7590 ESD and F&G

Ex-Work Delivery (FOB)

Y Y Y Y

          A7600 ESD and F&G

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        HIPS (High Integrity Pressure Protection System)

          A7610 HIPS (High Integrity Pressure Protection System)

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7620 HIPS (High Integrity Pressure Protection System)

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7630 HIPS (High Integrity Pressure Protection System)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7640 HIPS (High Integrity Pressure Protection System)

Ex-Work Delivery (FOB)

Y Y Y Y

          A7650 HIPS (High Integrity Pressure Protection System)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        S/D valves

          A7660 S/D valves

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7670 S/D valves

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7680 S/D valves

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7690 S/D valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A7700 S/D valves

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Field Instruments

          A7710 Field Instruments

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7720 Field Instruments

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7730 Field Instruments

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7740 Field Instruments

Ex-Work Delivery (FOB)

Y Y Y Y

          A7750 Field Instruments

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        MOV

          A7760 MOV

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7770 MOV

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7780 MOV

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7790 MOV

Ex-Work Delivery (FOB)

Y Y Y Y

          A7800 MOV

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        PSV

          A7810 PSV

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7820 PSV

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A7830 PSV

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A7840 PSV

Ex-Work Delivery (FOB)

Y Y Y Y

          A7850 PSV

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Fibre Optic cable

          A7860 Fibre Optic cable

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A7870 Fibre Optic cable

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A7880 Fibre Optic cable

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A7890 Fibre Optic cable

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A7900 Fibre Optic cable

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

        Lan/Data Network

          A7910 Lan/Data Network

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A7920 Lan/Data Network

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A7930 Lan/Data Network

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A7940 Lan/Data Network

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A7950 Lan/Data Network

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

        Structured Cabling system

          A7960 Structured Cabling system

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A7970 Structured Cabling system

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A7980 Structured Cabling system

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A7990 Structured Cabling system

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A8000 Structured Cabling system

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

        CCTV system

          A8010 CCTV system

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8020 CCTV system

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8030 CCTV system

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A8040 CCTV system

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A8050 CCTV system

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

        Flow Transmitters

          A8060 Flow Transmitters

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8070 Flow Transmitters

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8080 Flow Transmitters

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8090 Flow Transmitters

Ex-Work Delivery (FOB)

Y Y Y Y

          A8100 Flow Transmitters

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Pressure Transmitters

          A8110 Pressure Transmitters

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8120 Pressure Transmitters

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8130 Pressure Transmitters

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8140 Pressure Transmitters

Ex-Work Delivery (FOB)

Y Y Y Y

          A8150 Pressure Transmitters

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Level Transmitters

          A8160 Level Transmitters

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8170 Level Transmitters

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8180 Level Transmitters

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8190 Level Transmitters

Ex-Work Delivery (FOB)

Y Y Y Y

          A8200 Level Transmitters

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Level gauges

          A8210 Level gauges

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8220 Level gauges

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8230 Level gauges

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8240 Level gauges

Ex-Work Delivery (FOB)

Y Y Y Y

          A8250 Level gauges

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Flow meters

          A8260 Flow meters

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8270 Flow meters

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8280 Flow meters

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8290 Flow meters

Ex-Work Delivery (FOB)

Y Y Y Y

          A8300 Flow meters

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Pressure gauges

          A8310 Pressure gauges

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8320 Pressure gauges

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8330 Pressure gauges

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8340 Pressure gauges

Ex-Work Delivery (FOB)

Y Y Y Y

          A8350 Pressure gauges

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Temperature gauges

          A8360 Temperature gauges

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8370 Temperature gauges

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8380 Temperature gauges

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8390 Temperature gauges

Ex-Work Delivery (FOB)

Y Y Y Y

          A8400 Temperature gauges

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Rota meters

          A8410 Rota meters

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8420 Rota meters

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8430 Rota meters

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8440 Rota meters

Ex-Work Delivery (FOB)

Y Y Y Y

          A8450 Rota meters

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Flow computers

          A8460 Flow computers

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8470 Flow computers

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8480 Flow computers

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8490 Flow computers

Ex-Work Delivery (FOB)

Y Y Y Y

          A8500 Flow computers

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Gas chromatographs

          A8510 Gas chromatographs

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8520 Gas chromatographs

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8530 Gas chromatographs

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8540 Gas chromatographs

Ex-Work Delivery (FOB)

Y Y Y Y

          A8550 Gas chromatographs

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Dew point Analyzers

          A8560 Dew point Analyzers

Received Vendor Documents

Y Y YY Y Y Y Y Y Y
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          A8570 Dew point Analyzers

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8580 Dew point Analyzers

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8590 Dew point Analyzers

Ex-Work Delivery (FOB)

Y Y Y Y

          A8600 Dew point Analyzers

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Operator station

          A8610 Operator station

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8620 Operator station

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8630 Operator station

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8640 Operator station

Ex-Work Delivery (FOB)

Y Y Y Y

          A8650 Operator station

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Engineering station

          A8660 Engineering station

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8670 Engineering station

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8680 Engineering station

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8690 Engineering station

Ex-Work Delivery (FOB)

Y Y Y Y

          A8700 Engineering station

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        OTS

          A8710 OTS

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8720 OTS

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8730 OTS

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8740 OTS

Ex-Work Delivery (FOB)

Y Y Y Y

          A8750 OTS

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        AMS

          A8760 AMS

Received Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8770 AMS

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y

          A8780 AMS

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y

          A8790 AMS

Ex-Work Delivery (FOB)

Y Y Y Y

          A8800 AMS

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Terminal servers

          A8810 Terminal servers

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8820 Terminal servers

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8830 Terminal servers

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A8840 Terminal servers

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A8850 Terminal servers

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

        Telephone System (ACS)

          A8860 Telephone System (ACS)

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8870 Telephone System (ACS)

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8880 Telephone System (ACS)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A8890 Telephone System (ACS)

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A8900 Telephone System (ACS)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

        Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

          A8910 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Received Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8920 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Approved Vendor Documents

Y Y YY Y Y Y Y Y Y Y

          A8930 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y Y Y

          A8940 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Ex-Work Delivery (FOB)

Y Y Y Y Y

          A8950 Telephone system  -Miscellaneous/Common items-(Patch panels and accessories)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y Y

      PIPELINE

        Suction scaraper Launcher (KM 42 station)

          A8960 Suction scaraper Launcher (KM 42 station)

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A8970 Suction scaraper Launcher (KM 42 station)

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A8980 Suction scaraper Launcher (KM 42 station)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A8990 Suction scaraper Launcher (KM 42 station)

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9000 Suction scaraper Launcher (KM 42 station)

Receipt at Site

Y Y Y Y Y Y

        Suction scaraper receiver (TGCS)

          A9010 Suction scaraper receiver (TGCS)

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9020 Suction scaraper receiver (TGCS)

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9030 Suction scaraper receiver (TGCS)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9040 Suction scaraper receiver (TGCS)

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9050 Suction scaraper receiver (TGCS)

Receipt at Site

Y Y Y Y Y Y

        Discharge scaraper Launcher (TGCS)

          A9060 Discharge scaraper Launcher (TGCS)

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9070 Discharge scaraper Launcher (TGCS)

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9080 Discharge scaraper Launcher (TGCS)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9090 Discharge scaraper Launcher (TGCS)

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9100 Discharge scaraper Launcher (TGCS)

Receipt at Site

Y Y Y Y Y Y

        Discharge scaraper receiver (KM42)

          A9110 Discharge scaraper receiver (KM42)

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9120 Discharge scaraper receiver (KM42)

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9130 Discharge scaraper receiver (KM42)

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9140 Discharge scaraper receiver (KM42)

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9150 Discharge scaraper receiver (KM42)

Receipt at Site

Y Y Y Y Y Y

        Cathodic protection for pipeline

          A9160 Cathodic protection for pipeline

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9170 Cathodic protection for pipeline

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9180 Cathodic protection for pipeline

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9190 Cathodic protection for pipeline

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9200 Cathodic protection for pipeline

Receipt at Site

Y Y Y Y Y

        Material handling item

          A9210 Material handling item

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9220 Material handling item

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9230 Material handling item

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9240 Material handling item

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9250 Material handling item

Receipt at Site

Y Y Y Y Y

      SAFETY EQUIPMENT

        Fire & Gas System

          A9260 Fire & Gas System

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9270 Fire & Gas System

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9280 Fire & Gas System

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9290 Fire & Gas System

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9300 Fire & Gas System

Receipt at Site

Y Y Y Y Y

        Fire Water Tank

          A9310 Fire Water Tank

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9320 Fire Water Tank

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9330 Fire Water Tank

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9340 Fire Water Tank

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9350 Fire Water Tank

Receipt at Site

Y Y Y Y Y

        Fire Water Pump

          A9360 Fire Water Pump

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9370 Fire Water Pump

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9380 Fire Water Pump

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9390 Fire Water Pump

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9400 Fire Water Pump

Receipt at Site

Y Y Y Y Y

        F&G Equipment

          A9410 F&G Equipment

Received Vendor Documents

Y Y YY Y Y Y Y Y

          A9420 F&G Equipment

Approved Vendor Documents

Y Y YY Y Y Y Y Y

          A9430 F&G Equipment

Final Acceptance Test (FAT)

Y Y YY Y Y Y Y Y

          A9440 F&G Equipment

Ex-Work Delivery (FOB)

Y Y Y Y Y Y Y

          A9450 F&G Equipment

Receipt at Site

Y Y Y Y Y

      MISCELLANOUS(E&P)

        A29270 MISCELLANOUS(E&P)

Delivery on Site

Y Y Y Y Y

    BULK MATERIALS

      PIPING

        Pipes (CS) (NPS > 10")

          A9460 Pipes (CS) (NPS > 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9470 Pipes (CS) (NPS > 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Pipes (CS) (NPS < 10")

          A9480 Pipes (CS) (NPS < 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9490 Pipes (CS) (NPS < 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Pipes (SS)

          A9500 Pipes (SS)

Ex-Work Delivery (FOB)

Y Y Y Y

          A9510 Pipes (SS)

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Fittings (CS) (NPS >10")

          A9520 Fittings (CS) (NPS >10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9530 Fittings (CS) (NPS >10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Fittings (CS) (NPS < 10")

          A9540 Fittings (CS) (NPS < 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9550 Fittings (CS) (NPS < 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Fittings (SS)

          A9560 Fittings (SS)

Ex-Work Delivery (FOB)

Y Y Y Y

          A9570 Fittings (SS)

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Flange (CS) (NPS > 10")

          A9580 Flange (CS) (NPS > 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9590 Flange (CS) (NPS > 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Flange (CS) (NPS < 10")

          A9600 Flange (CS) (NPS < 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9610 Flange (CS) (NPS < 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Flange (SS)

          A9620 Flange (SS)

Ex-Work Delivery (FOB)

Y Y Y Y

          A9630 Flange (SS)

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Fasteners

          A9640 Fasteners

Ex-Work Delivery (FOB)

Y Y Y Y

          A9650 Fasteners

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Gasket

          A9660 Gasket

Ex-Work Delivery (FOB)

Y Y Y Y

          A9670 Gasket

Receipt at Site

Y Y Y Y Y Y Y Y Y

        GRE Pipes & Fitings

          A9680 GRE Pipes & Fitings

Ex-Work Delivery (FOB)

Y Y Y Y

          A9690 GRE Pipes & Fitings

Receipt at Site

Y Y Y Y Y Y Y Y Y

        FBE Line Pipe incl. Galvanized piping

          A9700 FBE Line Pipe incl. Galvanized piping

Ex-Work Delivery (FOB)

Y Y Y Y

          A9710 FBE Line Pipe incl. Galvanized piping

Receipt at Site

Y Y Y Y Y Y Y Y Y

        FBE lined Fittings incl. galvanized fittings

          A9720 FBE lined Fittings incl. galvanized fittings

Ex-Work Delivery (FOB)

Y Y Y Y

          A9730 FBE lined Fittings incl. galvanized fittings

Receipt at Site

Y Y Y Y Y Y Y Y Y

        GRV pipes & fittings

          A9740 GRV pipes & fittings

Ex-Work Delivery (FOB)

Y Y Y Y

          A9750 GRV pipes & fittings

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Ball valve (NPS > 10")

          A9760 Ball valve (NPS > 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9770 Ball valve (NPS > 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Ball valve (NPS < 10")

          A9780 Ball valve (NPS < 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9790 Ball valve (NPS < 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Butterfly valve (firewater) (NPS < 10")

          A9800 Butterfly valve (firewater) (NPS < 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9810 Butterfly valve (firewater) (NPS < 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Butterfly valve (firewater) (NPS > 10")

          A9820 Butterfly valve (firewater) (NPS > 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9830 Butterfly valve (firewater) (NPS > 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Check Valve (NPS >10")

          A9840 Check Valve (NPS >10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9850 Check Valve (NPS >10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Check Valve (NPS <10")

          A9860 Check Valve (NPS <10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9870 Check Valve (NPS <10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Check Valve (firewater) (NPS > 10")

          A9880 Check Valve (firewater) (NPS > 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9890 Check Valve (firewater) (NPS > 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Check Valve (firewater) (NPS < 10")

          A9900 Check Valve (firewater) (NPS < 10")

Ex-Work Delivery (FOB)

Y Y Y Y

          A9910 Check Valve (firewater) (NPS < 10")

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Non-slam check
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          A9920 Non-slam check

Ex-Work Delivery (FOB)

Y Y Y Y

          A9930 Non-slam check

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Gate (firewater)

          A9940 Gate (firewater)

Ex-Work Delivery (FOB)

Y Y Y Y

          A9950 Gate (firewater)

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Globe, Gate  Gate

          A9960 Globe

Ex-Work Delivery (FOB)

Y Y Y Y

          A9970 Globe

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Double Block and Bleed

          A9980 Double Block and Bleed

Ex-Work Delivery (FOB)

Y Y Y Y

          A9990 Double Block and Bleed

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Special pipe support (spring hanger, PTFE) PTFE)

          A10000 Special pipe support (spring hanger

Ex-Work Delivery (FOB)

Y Y Y Y

          A10010 Special pipe support (spring hanger

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Strainer

          A10020 Strainer

Ex-Work Delivery (FOB)

Y Y Y Y

          A10030 Strainer

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Silencer

          A10040 Silencer

Ex-Work Delivery (FOB)

Y Y Y Y

          A10050 Silencer

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Flex Hose

          A10060 Flex Hose

Ex-Work Delivery (FOB)

Y Y Y Y

          A10070 Flex Hose

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Manual Ball Valves

          A10080 Manual Ball Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10090 Manual Ball Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Manual Butterfly Valves

          A10100 Manual Butterfly Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10110 Manual Butterfly Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Manual Check Valves

          A10120 Manual Check Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10130 Manual Check Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Manual Gate Valves

          A10140 Manual Gate Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10150 Manual Gate Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Manual Globe Valves

          A10160 Manual Globe Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10170 Manual Globe Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Manual Plug Valves

          A10180 Manual Plug Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10190 Manual Plug Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Motor Operated Ball Valves

          A10200 Motor Operated Ball Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10210 Motor Operated Ball Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Automatic Recirculation Valves

          A10220 Automatic Recirculation Valves

Ex-Work Delivery (FOB)

Y Y Y Y

          A10230 Automatic Recirculation Valves

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Metallic Pipes

          A10240 Metallic Pipes

Ex-Work Delivery (FOB)

Y Y Y Y

          A10250 Metallic Pipes

Receipt at Site

Y Y Y Y Y Y Y Y Y

        FBE lined Flanges

          A10260 FBE lined Flanges

Ex-Work Delivery (FOB)

Y Y Y Y

          A10270 FBE lined Flanges

Receipt at Site

Y Y Y Y Y Y Y Y Y

        GRE Flanges

          A10280 GRE Flanges

Ex-Work Delivery (FOB)

Y Y Y Y

          A10290 GRE Flanges

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Metallic Fittings

          A10300 Metallic Fittings

Ex-Work Delivery (FOB)

Y Y Y Y

          A10310 Metallic Fittings

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Metallic Flanges

          A10320 Metallic Flanges

Ex-Work Delivery (FOB)

          A10330 Metallic Flanges

Receipt at Site

      33kV Cable

        33kV Cable

          A29230 33kV Cable

Ex-Work Delivery (FOB) - Lot 1

Y Y Y Y

          A29231 33kV Cable

Ex-Work Delivery (FOB) - Lot 2

Y Y Y Y Y Y Y Y Y

          A29232 33kV Cable

Ex-Work Delivery (FOB) - Lot 3

          A29233 33kV Cable

Receipt at Site - Lot 1

          A29234 33kV Cable

Receipt at Site - Lot 2

          A29240 33kV Cable

Receipt at Site - Lot 3

      ELECTRICAL

        Electrical Earthing system

          A10340 Electrical Earthing system

Ex-Work Delivery (FOB)

Y Y Y Y

          A10350 Electrical Earthing system

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Lightning protection system

          A10360 Lightning protection system

Ex-Work Delivery (FOB)

Y Y Y Y

          A10370 Lightning protection system

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Electrical lighting System

          A10380 Electrical lighting System

Ex-Work Delivery (FOB)

Y Y Y Y

          A10390 Electrical lighting System

Receipt at Site

Y Y Y Y Y Y Y Y Y

        cable tray

          A10400 cable tray

Ex-Work Delivery (FOB)

Y Y Y Y

          A10410 cable tray

Receipt at Site

Y Y Y Y Y Y Y Y Y

        LV Power & control cable

          A10420 LV Power & control cable

Ex-Work Delivery (FOB)

Y Y Y Y

          A10430 LV Power & control cable

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Instrumentation cable

          A10440 Instrumentation cable

Ex-Work Delivery (FOB)

Y Y Y Y

          A10450 Instrumentation cable

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Telecom Cables

          A10460 Telecom Cables

Ex-Work Delivery (FOB)

Y Y Y Y

          A10470 Telecom Cables

Receipt at Site

Y Y Y Y Y Y Y Y Y

        GLANDING & TERMINATION MATERIALS

          A10480 GLANDING & TERMINATION MATERIALS

Ex-Work Delivery (FOB)

Y Y Y Y

          A10490 GLANDING & TERMINATION MATERIALS

Receipt at Site

Y Y Y Y Y Y Y Y Y

        TERMINATION KITS

          A10500 TERMINATION KITS

Ex-Work Delivery (FOB)

Y Y Y Y

          A10510 TERMINATION KITS

Receipt at Site

Y Y Y Y Y Y Y Y Y

        REMOTE END MODIFICATION MATERIALS

          A10520 REMOTE END MODIFICATION MATERIALS

Ex-Work Delivery (FOB)

Y Y Y Y

          A10530 REMOTE END MODIFICATION MATERIALS

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Miscellaneous

          A10540 Miscellaneous

Ex-Work Delivery (FOB)

Y Y Y Y

          A10550 Miscellaneous

Receipt at Site

Y Y Y Y Y Y Y Y Y

      INTRUMENTATION & CONTROL

        Instrument Cables and Cable Tray

          A10560 Instrument Cables and Cable Tray

Ex-Work Delivery (FOB)

Y Y Y Y

          A10570 Instrument Cables and Cable Tray

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Instrument Junction Boxes

          A10580 Instrument Junction Boxes

Ex-Work Delivery (FOB)

Y Y Y Y

          A10590 Instrument Junction Boxes

Receipt at Site

Y Y Y Y Y Y Y Y Y

        F & G Devices

          A10600 F & G Devices

Ex-Work Delivery (FOB)

Y Y Y Y

          A10610 F & G Devices

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Telecom MTO

          A10620 Telecom MTO

Ex-Work Delivery (FOB)

Y Y Y Y

          A10630 Telecom MTO

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Miscellaneous

          A10640 Miscellaneous

Ex-Work Delivery (FOB)

Y Y Y Y

          A10650 Miscellaneous

Receipt at Site

Y Y Y Y Y Y Y Y Y

      CIVIL/STRUCTURAL

        Sand Filling

          A10680 Sand Filling

Ex-Work Delivery (FOB)

Y Y Y Y

          A10690 Sand Filling

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Blast resistant doors, windows & Ventilators windows & Ventilators

          A10700 Blast resistant doors

Ex-Work Delivery (FOB)

Y Y Y Y

          A10710 Blast resistant doors

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Fire rated doors,windows & Ventilatorswindows & Ventilators

          A10720 Fire rated doors

Ex-Work Delivery (FOB)

Y Y Y Y

          A10730 Fire rated doors

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Fencing & Gates

          A10740 Fencing & Gates

Ex-Work Delivery (FOB)

Y Y Y Y

          A10750 Fencing & Gates

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Floor Tile:

          A10760 Floor Tile:

Ex-Work Delivery (FOB)

Y Y Y Y

          A10770 Floor Tile:

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        PVC pipe (Sewer pipe& rain water pipe)

          A10780 PVC pipe (Sewer pipe& rain water pipe)

Ex-Work Delivery (FOB)

Y Y Y Y

          A10790 PVC pipe (Sewer pipe& rain water pipe)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        AOC Sewer-GRE pipe

          A10800 AOC Sewer-GRE pipe

Ex-Work Delivery (FOB)

Y Y Y Y

          A10810 AOC Sewer-GRE pipe

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Structural Steel - 1st Lot - 800 MT

          A10820 Structural Steel - 1st Lot - 800 MT

Ex-Work Delivery (FOB)

Y Y Y Y

          A10830 Structural Steel - 1st Lot - 800 MT

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Structural steel - 2nd Lot - 800 MT

          A10840 Structural steel - 2nd Lot - 800 MT

Ex-Work Delivery (FOB)

Y Y Y Y

          A10850 Structural steel - 2nd Lot - 800 MT

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Structural steel - 3rd Lot - 600 MT (Estimated)

          A10860 Structural steel - 3rd Lot - 600 MT (Estimated)

Ex-Work Delivery (FOB)

Y Y Y Y

          A10870 Structural steel - 3rd Lot - 600 MT (Estimated)

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Steel Grating

          A10880 Steel Grating

Ex-Work Delivery (FOB)

Y Y Y Y

          A10890 Steel Grating

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

        Steel ladder & Handrail

          A10900 Steel ladder & Handrail

Ex-Work Delivery (FOB)

Y Y Y Y

          A10910 Steel ladder & Handrail

Receipt at Site

Y Y Y Y Y Y Y Y Y Y

      PIPELINE

        Pipeline,

          A10920 Pipeline

Ex-Work Delivery (FOB)

Y Y Y Y

          A10930 Pipeline

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Pipeline components

          A10940 Pipeline components

Ex-Work Delivery (FOB)

Y Y Y Y

          A10950 Pipeline components

Receipt at Site

Y Y Y Y Y Y Y Y Y

      SAFETY

        Fire Hydrant

          A10960 Fire Hydrant

Ex-Work Delivery (FOB)

Y Y Y Y

          A10970 Fire Hydrant

Receipt at Site

Y Y Y Y Y Y Y Y Y

        Fire Hydrant components

          A10980 Fire Hydrant components

Ex-Work Delivery (FOB)

Y Y Y Y

          A10990 Fire Hydrant components

Receipt at Site

Y Y Y Y Y Y Y Y Y

      MISCELLANOUS(BM)

        A29280 MISCELLANOUS(BM)

Delivery on Site

Y Y YY Y Y Y Y Y
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Category

  PROJECT MILESTONESWBS Name

Activity Description

    General

G1040

Piling Works Start

Y Y Y Y Y Y Y Y

G1070

Mechanical Completion - Substation

Y Y Y Y Y Y Y Y

G1080

Commissioning Completion -Substation

Y Y Y Y Y Y Y

G1090

Mechanical Completion - Compressor Train 1

Y Y Y Y Y Y Y Y

G1100

Mechanical Completion -  Compressor Train 2

Y Y Y Y Y Y Y Y

G1110

Gas In (Compressor Train 1)

Y Y Y Y Y Y Y Y

G1120

Mechanical Completion - Compressor Train 3

Y Y Y Y Y Y Y Y

G1130

Gas In (Compressor Train 2)

Y Y Y Y Y Y Y Y

G1140

Gas In (Compressor Train 3)

Y Y Y Y Y Y Y Y

M1110

Commissioning Completion all area

Y Y Y Y Y Y Y Y

    CONSTRUCTION & PRE-COMMISSIONING

D.01

Complete foundation works for Compressors and 

Compressor Shelters for all facilities including Lube Oil 

Skids, etc.

D.02

Complete installation of Compressors along with all 

auxillary facilities, internals, Lube Oil Skids, VFD Motor, Dry 

Gas

D.03

Complete installation of Compressors along with all 

auxillary facilities, internals, Lube Oil Skids, VFD Motor, Dry 

Gas

D.04

Complete installation of Air Coolers,Inlet Gas Filters, 

Suction/Interstage K.O. Drums & Pumps alongwith all 

auxiliary fa

D.05

Complete installation of Air Coolers,Inlet Gas Filters, 

Suction/Interstage K.O. Drums & Pumps alongwith all 

auxiliary fa

D.06

Complete hydrotesting & reinstatement of all Piping works  

(Taweelah Gas Compressor Station)

D.07

Complete installation of Metering Skid, Nitrogen Package, 

Flare Package and Instrument Air Package alongwith all 

auxilia

D.08

Complete installation of all electrical systems, electrical 

system checks and other pre-commissioning checks ready 

for P

D.09

Complete installation of 33 KV Cables from Taweelah 

Substaion to Plant

D.10

Complete  Hydrotesting of Pipeline including Drying & 

Purging between KM-42 to New Taweelah Gas 

Compressor Station and N

D.11

Achieve MECHANICAL COMPLETION (MC 1) for  Train 1 

& 2 (NOTE-4)

D.12

Achieve MECHANICAL COMPLETION (MC 2) for  Train 3 

(NOTE-4)

    COMMISSIONING, TEST RUN, & PAC

E.01

Complete Commissioning of Tr-1 & 2 Facilities and 

achieve "Gas-in" to Pipeline Network  to meet Consumer 

demand (NOTE-4)

E.02

Complete Commissioning of Tr-3 Facilities and achieve 

"Gas-in" to Pipeline Network  to meet Consumer demand 

(NOTE-4)

E.03

Complete TEST RUNS and Achieve Provisional 

Acceptance Certificate PAC for all Trains (Tr-1.2 & 3) 

Facilities  (NOTE-4)

E.04

Complete intelligent pigging of Pipeline

  CONSTRUCTION, COMMISSIONING & AS-BUILT DOCUMENTATION COMMISSIONING & AS-BUILT DOCUMENTATION

    Temporary Facilities 

      A31310 Temporary Facilities

Site Survey

Y Y Y Y Y Y Y Y Y YY

y

Y Y Y Y Y Y

      A31311 Temporary Facilities

Approval and Obtaining the NOC from Municipality & 

Athorities (Coordination between Siemens  & Municipality)

      A31312 Temporary Facilities

Piling, Stone column work and civil contracor team etc. 

mobilization

Y Y Y Y Y Y Y

      A31320 Temporary Facilities

Site Office Establishment (Including Utility & IT 

connections)

Y

      A31330 Temporary Facilities

Fabrication Facilities Establishment (Including Fabrication, 

Maint)

      A31340 Temporary Facilities

Warehouse and Storage Facility establishment (including 

Utility & IT Connection)

      A31350 Temporary Facilities

Camp Facility establishment (including Utility & IT 

connection)

      A31360 Temporary Facilities

Laboratory Facility (Civil/ Elec/ Inst.)

    Construction &�Pre-commissioning

      CONSTRUCTION

        PROCESS FACILITIES

          Compressor Train 1

            Piling Civil and Steel Structure Works

              Piling, Foundation & Civil works Foundation & Civil works

                CC1010 Piling

Piling Works

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1470 Piling

Ready for Equipment Installation

Y

                CC2590 Piling

Civil Final works - Pavings, Painting etc..

Y

                Compressor Foundation

                  CC1111 Compressor Foundation

Compressor Foundation - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1111A Compressor Foundation

Compressor Foundation - Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1121 Compressor Foundation

Compressor Foundation - Blinding , Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1121A Compressor Foundation

Compressor Foundation - Form work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1121B Compressor Foundation

Compressor Foundation -  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1121C Compressor Foundation

Compressor Foundation - Deshuttering , Protection 

coating/finishing works etc

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1160 Compressor Foundation

Compressor Foundation - Back Filling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Compressor Shelter

                  CC1161 Compressor Shelter

Compressor Shelter - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1161D Compressor Shelter

Compressor Shelter -  Blinding, Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1161E Compressor Shelter

Compressor Shelter -  Formwork

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1161F Compressor Shelter

Compressor Shelter - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1161L Compressor Shelter

Compressor Shelter - Deshuttering , Protection coating,  

Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1161M Compressor Shelter

Compressor Shelter - Back filling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Suction KOD

                  CC1162 Suction KOD

Suction K.O.D- Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1162C Suction KOD

Suction K.O.D-  Reinforcement, Form works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1162D Suction KOD

Suction K.O.D-  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1162E Suction KOD

Suction K.O.D- Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1162F Suction KOD

Suction K.O.D-  Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                After Cooler

                  CC1163 After Cooler

After Cooler- Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1163C After Cooler

After Cooler- Reinforcement, Forming works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1163D After Cooler

After Cooler-  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1163E After Cooler

After Cooler-  Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1163H After Cooler

After Cooler-   Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Unit Pipe Rack

                  CC1164 Unit Pipe Rack

Unit Pipe Rack - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1164D Unit Pipe Rack

Unit Pipe Rack - Reinforcement, Form work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1164E Unit Pipe Rack

Unit Pipe Rack -  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1164F Unit Pipe Rack

Unit Pipe Rack  - Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1164G Unit Pipe Rack

Unit Pipe Rack  -  Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Storm Water Manholes

                  CC1165 Storm Water Manholes

Storm Water Manholes - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1165C Storm Water Manholes

Storm Water Manholes - Reinforcement, Form work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1165D Storm Water Manholes

Storm Water Manholes - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1165E Storm Water Manholes

Storm Water Manholes - Deshuttering , Painting / Finishing 

work

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1165G Storm Water Manholes

Storm Water Manholes  -   Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Electrical & Instrumentation Cable Trench

                  CC1166 Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Excavation, 

Blinding

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y Y

                  CC1166B Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches -   

Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1166C Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Concreting & 

Curing

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1166D Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Deshuttering 

, Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1166G Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Backfilling 

etc

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                Open Drain Oil collection pit Y Y Y

                  CC1167 Open Drain Oil collection pit

Open Drain Oil collection pit  -  Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1167B Open Drain Oil collection pit

Open Drain Oil collection pit  -Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1167C Open Drain Oil collection pit

Open Drain Oil collection pit  - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1167D Open Drain Oil collection pit

Open Drain Oil collection pit   - Deshuttering , Painting / 

Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1167E Open Drain Oil collection pit

Open Drain Oil collection pit  -   Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Close Drain Purge Drum

                  CC1168 Close Drain Purge Drum

Close Drain Purge Drum  - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1168B Close Drain Purge Drum

Close Drain Purge Drum  - Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1168C Close Drain Purge Drum

Close Drain Purge Drum  - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1168D Close Drain Purge Drum

Close Drain Purge Drum  - Deshuttering , Painting / 

Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                  CC1168G Close Drain Purge Drum

Close Drain Purge Drum -  Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                Close Drain  System

                  CC1169 Close Drain  System

Close Drain  System - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1169A Close Drain  System

Close Drain  System - Sand bedding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1169C Close Drain  System

Close Drain  System - Support installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1169D Close Drain  System

Close Drain  System -  Surface preparation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1169G Close Drain  System

Close Drain  System -   Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              Structural works

                CC1159 Structural works

Structure Pre-fabrication - Lot 1 (Columns, Acess Flatforms 

etc.)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

                CC1159A Structural works

Structure Pre-fabrication - Lot 2 (Grating, Supports, Side 

beams. etc)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

                CC1159B Structural works

Structure Pre-fabrication - Lot 3 (Cross beams, Supports, 

Ladders. etc)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

                CC1161A Structural works

Compressor Shelter - Structural erection(Column, 

Flatforms)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                CC1161G Structural works

Compressor Shelter - Structural erection(Side beam, 

Grating ,  Supports)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                CC1161H Structural works

Compressor Shelter - Structural erection - (Side Cross 

Beams, Supports etc)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                CC1164A Structural works

Unit Pipe Rack - Structural erection (Appx. 30M) - Section1

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                CC1164B Structural works

Unit Pipe Rack - Structural erection ( Appx.30M) - Section 

2

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

                CC1165A Structural works

Storm water Sump - Structural & Support erection

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1167A Structural works

Open Drain sump - Structural & Support erection

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1600A Structural works

Structure Installation / Erection - (Racks, Roof, Supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1600B Structural works

Structure Installation / Erection - (Pipe supports, Fencing, 

Gate,  Roof etc.)

Y Y Y Y Y Y Y Y Y Y Y Y

Y Y Y Y

            Mechanical (Equipment)

I&C

Telecom

Road works

PMT

PMC

OE

PCQH

TE SUPPORT

Contractor- Enginering Team

Contractor-QH

EU-Pipeline Division

Contractor PMT

Vendors

Contractor Commissioning Engrs.

Subcontractors

Construction Engineer-Contractor

TPI

Civil Works

Structural Steel Works/Equipment Installation

Piping/Pipeline

Project Alpha

Activity Distribution Matrix

Construction
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              CC1710 Mechanical (Equipment)

Suction Knock Out Drum installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC1910 Mechanical (Equipment)

Sales Gas Compressor After Cooler installation, Alignment 

& Inter connection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y

Y Y Y Y

              CC2110 Mechanical (Equipment)

Suction Filter Installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2390 Mechanical (Equipment)

Sales Gas Compressor installation & Alignment 

(Compressor, Gearbox and Motor etc.)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y

Y Y Y Y

              CC2391 Mechanical (Equipment)

Sales Gas Compressor installation - Compressor silencer 

&  other accosiated works

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y

Y Y Y Y

              CC2395 Mechanical (Equipment)

Drain Drum Installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2499 Mechanical (Equipment)

Installation of EOT Crane

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2500 Mechanical (Equipment)

Compressor associated Equipment installation - Lube oil 

skid and interconnection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y

Y Y Y Y

              CC3620 Mechanical (Equipment)

Compressor associated Equipment installation -  All Pumps 

and inteconnection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y

Y Y Y Y

            Piping

              CC1330 Piping

Pipe Pre-fabrication - Lot 1 ( CS 20" and above)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1331 Piping

Pipe Pre-fabrication - Lot 2 ( CS 20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1332 Piping

Pipe Pre-fabrication - Lot 3 ( Below 6", GRE pipes, SS 

Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

              CC1900 Piping

Pipe Installation - Around Compressor - Lot 1 (Appx. 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

              CC1901 Piping

Pipe Installation - Around Compressor - Lot 2 (Appx. 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

              CC1911 Piping

Pipe Installation - Around Compressor - Lot 3 (Appx. 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y Y

              CC2020 Piping

Hydro Test (Complete loop)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2600 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3330 Piping

A/G Piping/UG piping (Miscellenious)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3340 Piping

A/G Piping/UG piping (Miscellenious) - Hydrotest

Y Y Y Y Y Y Y Y Y Y Y Y Y

            Electrical

              A31370 Electrical

Cable Tray work & support - Route, trenches, cellar

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31371 Electrical

Cable Tray work & support - Plant

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31380 Electrical

Cable laying from SS to Plant area and Termination 

(Power)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31381 Electrical

Cable laying from SS to Plant area and Termination 

(Associated, Internal)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31390 Electrical

Earthing system Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31400 Electrical

Lighting, Small power DBs, Pushbuttons & local controls

Y Y Y Y Y Y Y Y Y Y Y Y Y

            Instrument & Constrol System

              A31410 Instrument & Constrol System

Cable Tray & Support Work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31420 Instrument & Constrol System

JBs & Support Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31430 Instrument & Constrol System

Control cables & FOC from CR to Compressors and 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31440 Instrument & Constrol System

Installation and Testing of F&G and Detection system

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y Y

              A31450 Instrument & Constrol System

Installation and Testing of Feild control equipment & 

Accessories

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y

            Telecom

              A31460 Telecom

Installation of  CCTV System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31461 Telecom

Installation of PAGA system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31462 Telecom

Installation of Access control system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31470 Telecom

Installation of handset Booths , Telephone & accessories

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31480 Telecom

Teating & Commissioning

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y Y

            Painting, Insulation & Misc Jobs Insulation & Misc Jobs

              A31490 Painting

Painting works - Lot 1 (Compressor)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31491 Painting

Painting works - Lot 2 (Unit Pipe Rack)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31492 Painting

Painting works - Lot 3 (Other)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31500 Painting

Insulation & Miscl. Jobs - Lot 1 (Compressor)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31501 Painting

Insulation & Miscl. Jobs - Lot 2 (Unit Pipe Rack)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31730 Painting

Insulation & Miscl. Jobs - Lot 3 (Other)

Y Y Y Y Y

          Compressor Train 2

            Piling Civil and Steel Structure Works

              Piling, Foundation & Civil works Foundation & Civil works

                CC1070 Piling

Piling Works

Y

                CC1720 Piling

Ready for Equipment Installation

Y

                CC2750 Piling

Civil Final works -Pavings, etc..

Y

                Compressor Foundation

                  CC1230 Compressor Foundation

Compressor Foundation - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1230A Compressor Foundation

Compressor Foundation - Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y

                  CC1230B Compressor Foundation

Compressor Foundation - Blinding , Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1230C Compressor Foundation

Compressor Foundation - Form work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1230D Compressor Foundation

Compressor Foundation -  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1232 Compressor Foundation

Compressor Foundation - Deshuttering , Protection 

coating/finishing works etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1233 Compressor Foundation

Compressor Foundation - Back Filling

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Compressor Shelter

                  CC1241 Compressor Shelter

Compressor Shelter - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1241D Compressor Shelter

Compressor Shelter -  Blinding, Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1241E Compressor Shelter

Compressor Shelter -  Formwork

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1241F Compressor Shelter

Compressor Shelter - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1241G Compressor Shelter

Compressor Shelter - Deshuttering , Protection coating,  

Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1241K Compressor Shelter

Compressor Shelter - Back filling etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Suction KOD

                  CC1242 Suction KOD

Suction K.O.D- Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1242C Suction KOD

Suction K.O.D-  Reinforcement, Form works

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1242D Suction KOD

Suction K.O.D-  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1242E Suction KOD

Suction K.O.D- Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1242G Suction KOD

Suction K.O.D- Finishing work and Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                After Cooler

                  CC1243 After Cooler

After Cooler- Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1243B After Cooler

After Cooler- Reinforcement, Forming works

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1243C After Cooler

After Cooler-  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1243D After Cooler

After Cooler-  Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1243G After Cooler

After Cooler-  Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Electrical & Instrumentation Cable Trench

                  CC1246 Electrical & Instrumentation Cable Trench

Electrical and InstrumentElectrical and Instrumentation 

cable trenches - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1246B Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches -   

Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1246C Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Concreting & 

Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1246D Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Deshuttering 

, Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1246G Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Backfilling 

etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Unit Pipe Rack

                  CC1244 Unit Pipe Rack

Unit Pipe Rack - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1244B Unit Pipe Rack

Unit Pipe Rack - Reinforcement, Form work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1244C Unit Pipe Rack

Unit Pipe Rack -  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1244D Unit Pipe Rack

Unit Pipe Rack  - Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1244G Unit Pipe Rack

Unit Pipe Rack  -  Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Close Drain  System

                  CC1258 Close Drain  System

Close Drain  System - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1258B Close Drain  System

Close Drain  System - Sand Bedding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1258C Close Drain  System

Close Drain  System -  Support installation

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1258D Close Drain  System

Close Drain  System -  Surface Preparation

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1258G Close Drain  System

Close Drain  System -   Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              Structural works Y Y Y

                CC1239 Structural works

Structure Pre-fabrication - Lot 1 (Columns, Acess Flatforms 

etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1239A Structural works

Structure Pre-fabrication - Lot 2 (Grating, Supports, Side 

beams. etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1239B Structural works

Structure Pre-fabrication - Lot 3 (Cross beams, Supports, 

Ladders. etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1241A Structural works

Compressor Shelter - Structural erection - Phase 

1(Column, Flatforms)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1241H Structural works

Compressor Shelter - Structural erection - Phase 2(Side 

beam, Grating ,  Supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1241I Structural works

Compressor Shelter - Structural erection - Phase 3 (Side 

Cross Beams, Supports etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1244A Structural works

Unit Pipe Rack - Structural erection (Appx. 30M) - Section1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1244J Structural works

Unit Pipe Rack - Structural erection ( Appx.30M) - Section 

2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1880A Structural works

Structure Installation / Erection - (Racks, Roof, Supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1880B Structural works

Structure Installation / Erection - (Pipe supports, Fencing, 

Gate,  Roof etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Mechanical (Equipment) Y Y Y Y Y Y Y Y Y Y

              CC2040 Mechanical (Equipment)

Suction Knock Out Drum installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2170 Mechanical (Equipment)

Sales Gas Compressor After Cooler installation, Alignment 

& Inter connection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2400 Mechanical (Equipment)

Sales Gas Compressor installation & Alignment 

(Compressor, Gearbox and Motor etc.)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2520 Mechanical (Equipment)

Sales Gas Compressor installation - Compressor silencer 

&  other associated work)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2525 Mechanical (Equipment)

Installation of EOT Crane

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2535 Mechanical (Equipment)

Compressor associated Equipment installation - Lube oil 

skid and interconnection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2545 Mechanical (Equipment)

Compressor associated Equipment installation -  All Pumps 

and inteconnection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

            Piping

              CC1340 Piping

Pipe Pre-fabrication - Lot 1 ( CS 20" and above)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1341 Piping

Pipe Pre-fabrication - Lot 2 ( CS 20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1342 Piping

Pipe Pre-fabrication - Lot 3 ( Below 6", GRE pipes, SS 

Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2510 Piping

Pipe Installation - Around Compressor - Lot 1 (Appx. 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2511 Piping

Pipe Installation - Around Compressor - Lot 2 (Appx. 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2512 Piping

Pipe Installation - Around Compressor - Lot 3 (Appx. 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2690 Piping

Hydro Test

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2760 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3350 Piping

A/G Piping/UG piping (Miscellenious)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3360 Piping

A/G Piping/UG piping (Miscellenious) - Hydrotest

Y Y Y Y Y Y Y Y Y Y Y Y Y

            Electrical

              A31510 Electrical

Cable Tray work & support - Route, trenches, cellar

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31900 Electrical

Cable Tray work & support - Plant

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2640 Electrical

Cable laying from SS to Plant area and Termination 

(Power)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2641 Electrical

Cable laying from SS to Plant area and Termination 

(Associated, Internal)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2645 Electrical

Earthing system Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2646 Electrical

Lighting, Small power DBs, Pushbuttons & local controls

Y Y Y Y Y Y Y Y Y Y Y Y Y

            Instrument & Constrol System

              A31520 Instrument & Constrol System

Cable Tray & Support Work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31530 Instrument & Constrol System

JBs & Support Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31540 Instrument & Constrol System

Control cables & FOC from SS to Compressors and 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31550 Instrument & Constrol System

Installation and Testing of F&G and Detection system

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y Y

              A31560 Instrument & Constrol System

Installation and Testing of Feild control equipment & 

Accessories

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y

            Telecom

              A31570 Telecom

Installation of  CCTV System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31571 Telecom

Installation of PAGA system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31572 Telecom

Installation of Access control system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31580 Telecom

Installation of handset Booths , Telephone & accessories

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31590 Telecom

Teating & Commissioning

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y Y

            Painting, Insulation & Misc Jobs Insulation & Misc Jobs

              A31600 Painting

Painting works - Lot 1 (Compressor)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31601 Painting

Painting works - Lot 2 (Unit Pipe Rack)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31602 Painting

Painting works - Lot 3 (Other Area)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31610 Painting

Insulation & Miscl. Jobs - Lot 1(Compressor)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31611 Painting

Insulation & Miscl. Jobs - Lot 2 (Unit Pipe Rack)

Y Y Y Y Y Y Y Y Y Y Y Y Y
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              A31613 Painting

Insulation & Miscl. Jobs - Lot 3  (Other Area)

Y Y Y Y Y

          Compressor Train 3

            Piling Civil and Steel Structure Works

              Piling, Foundation & Civil works Foundation & Civil works

                CC1090 Piling

Piling Works

Y

                CC1860 Piling

Ready for Equipment Installation

Y Y Y

                CC2930 Piling

Civil Final works -Pavings, etc..

Y Y Y

                Compressor Foundation Y

                  CC1310 Compressor Foundation

Compressor Foundation - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1310A Compressor Foundation

Compressor Foundation - Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y

                  CC1310D Compressor Foundation

Compressor Foundation - Blinding , Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1310E Compressor Foundation

Compressor Foundation - Form work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1310F Compressor Foundation

Compressor Foundation -  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1310G Compressor Foundation

Compressor Foundation - Deshuttering , Protection 

coating/finishing works etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1310H Compressor Foundation

Compressor Foundation - Back Filling

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Compressor Shelter

                  CC1311 Compressor Shelter

Compressor Shelter - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1311B Compressor Shelter

Compressor Shelter -  Blinding, Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1311C Compressor Shelter

Compressor Shelter -  Formwork

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1311D Compressor Shelter

Compressor Shelter - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1311E Compressor Shelter

Compressor Shelter - Deshuttering , Protection coating,  

Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1311G Compressor Shelter

Compressor Shelter - Back filling etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Suction KOD

                  CC1313 Suction KOD

Suction K.O.D- Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1313A Suction KOD

Suction K.O.D-  Reinforcement, Form works

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1313B Suction KOD

Suction K.O.D-  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1313C Suction KOD

Suction K.O.D- Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1313G Suction KOD

Suction K.O.D- Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                After Cooler

                  CC1314 After Cooler

After Cooler- Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1314A After Cooler

After Cooler- Reinforcement, Forming works

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1314B After Cooler

After Cooler-  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1314C After Cooler

After Cooler-  Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1314G After Cooler

After Cooler-  Finishing work and Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Electrical & Instrumentation Cable Trench

                  CC1319 Electrical & Instrumentation Cable Trench

Electrical and InstrumentElectrical and Instrumentation 

cable trenches - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1319A Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches -   

Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1319B Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Concreting & 

Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1319C Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Deshuttering 

, Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1319G Electrical & Instrumentation Cable Trench

Electrical and Instrumentation cable trenches - Backfilling 

etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Unit Pipe Rack

                  CC1315 Unit Pipe Rack

Unit Pipe Rack - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                  CC1315A Unit Pipe Rack

Unit Pipe Rack - Reinforcement, Form work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1315B Unit Pipe Rack

Unit Pipe Rack -  Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1315C Unit Pipe Rack

Unit Pipe Rack  - Deshuttering , Painting / Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                  CC1315G Unit Pipe Rack

Unit Pipe Rack  -  Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                Close Drain  System

                  CC1386 Close Drain  System

Close Drain  System - Excavation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1387 Close Drain  System

Close Drain  System - Sand Bedding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1388 Close Drain  System

Close Drain  System -  Support installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1389 Close Drain  System

Close Drain  System -  Surface Preparation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                  CC1396 Close Drain  System

Close Drain  System -   Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              Structural works Y Y Y

                CC1091 Structural works

Structure Pre-fabrication - Lot 1 (Columns, Acess Flatforms 

etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1092 Structural works

Structure Pre-fabrication - Lot 2 (Grating, Supports, Side 

beams. etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1193 Structural works

Structure Pre-fabrication - Lot 3 (Cross beams, Ladders. 

Roof etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1312 Structural works

Compressor Shelter - Structural erection - Phase 

1(Column, Flatforms, Grating ,  Supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1312B Structural works

Compressor Shelter - Structural erection - Phase 3 (Side 

Cross Beams, Supports etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1312H Structural works

Compressor Shelter - Structural erection -  Phase 3 (Side 

Cross Beams, Supports etc)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1316 Structural works

Unit Pipe Rack - Structural erection (Appx. 30M) - Section1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1326 Structural works

Unit Pipe Rack - Structural erection ( Appx.30M) - Section 

2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1950A Structural works

Structure Installation / Erection - (Racks, Roof, Supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1950B Structural works

Structure Installation / Erection - (Pipe supports, Fencing, 

Gate,  Roof etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Mechanical(Equipment) Y Y Y Y Y Y Y

              CC2030 Mechanical(Equipment)

Suction Knock Out Drum installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2200 Mechanical(Equipment)

Sales Gas Compressor After Cooler installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2700 Mechanical(Equipment)

Sales Gas Compressor installation & Alignment 

(Compressor, Gearbox and Motor etc.)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2701 Mechanical(Equipment)

Sales Gas Compressor installation - Compressor silencer 

&  other accosiated works)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2702 Mechanical(Equipment)

EOT Crane Installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC2800 Mechanical(Equipment)

Commpressor associated Equipment installation - Lube oil 

skid and interconnection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

              CC3630 Mechanical(Equipment)

Compressor associated Equipment installation -  All Pumps 

and inteconnection

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y

            Piping

              CC1320 Piping

Pipe Pre-fabrication - Lot 1 ( CS 20" and above)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1390 Piping

Pipe Pre-fabrication - Lot 2 ( CS 20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1395 Piping

Pipe Pre-fabrication - Lot 3 ( Below 6", GRE pipes, SS 

Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1890 Piping

Pipe Installation - Around Compressor - Lot 1 (Appx 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1891 Piping

Pipe Installation - Around Compressor - Lot 2 (Appx 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1892 Piping

Pipe Installation - Around Compressor - Lot 3 (Appx 20M)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2010 Piping

Hydro Test

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2920 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3370 Piping

A/G Piping/UG piping (Storm water, drainage etc. 

Miscellenious)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3380 Piping

A/G Piping/UG piping (Miscellenious) - Hydrotest

Y Y Y Y Y Y Y Y Y Y Y Y Y

            Electrical

              CC2979 Electrical

Cable Tray work & support - Route, trenches, cellar

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2980 Electrical

Cable Tray work & support - Plant

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2981 Electrical

Cable laying from SS to Plant area and Termination 

(Power)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2982 Electrical

Cable laying from SS to Plant area and Termination 

(Associated, Internal)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3390 Electrical

Earthing system Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3400 Electrical

Lighting, Small power DBs, Pushbuttons & local controls

Y Y Y Y Y Y Y Y Y Y Y Y Y

            Instrument & Constrol System

              A31620 Instrument & Constrol System

Cable Tray & Support Work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31630 Instrument & Constrol System

JBs & Support Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31640 Instrument & Constrol System

Control cables & FOC from SS to Compressors and 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31650 Instrument & Constrol System

Installation and Testing of F&G and Detection system

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y Y

              A31660 Instrument & Constrol System

Installation and Testing of Feild control equipment & 

Accessories

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y

            Telecom

              A31670 Telecom

Installation of CCTV system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31681 Telecom

Installation of PAGA system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31682 Telecom

Installation of Access control system

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31684 Telecom

Installation of handset Booths , Telephone & accessories

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31690 Telecom

Teating & Commissioning

Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y Y

            Painting, Insulation & Misc Jobs Insulation & Misc Jobs

              A31700 Painting

Painting works - Lot 1 (Compressor Area)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31702 Painting

Painting works - Lot 1 (Unit Pipe racks)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31703 Painting

Painting works - Lot 3 (Other Area)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31710 Painting

Insulation & Miscl. Jobs - Lot 1 (Compressor Area)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31711 Painting

Insulation & Miscl. Jobs - Lot 2 (Unit Pipe racks)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31980 Painting

Insulation & Miscl. Jobs - Lot 3 (Other Area)

Y Y Y Y Y

        PIPELINE

          PIG Trap - KM 42 (36" Launcher & 30" Receiver)

            CIVIL / STRUCTURAL

              A31722 CIVIL / STRUCTURAL

Pig Trap Area -KM 42 - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31722A CIVIL / STRUCTURAL

Pig Trap Area -KM 42  - Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31722B CIVIL / STRUCTURAL

Pig Trap Area -KM 42  - Concreting, Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31722C CIVIL / STRUCTURAL

Pig Trap Area -KM 42  - Finishing, Protection Painting  and 

Backfilling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31723 CIVIL / STRUCTURAL

Pig Trap Area -KM 42  - Civil Final Finishing works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            MECHANICAL

              A31721 MECHANICAL

Installation of Launcher unit (Along with associated 

Equipment), Alignment, Grouting

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y

              A31731 MECHANICAL

Installation of Receiving unit  (Along with associated 

Equipment), Alignment, Grouting

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y

            PIPING

              A31720 PIPING

Piping Pre-fabrication ( CS 20" and above)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31720B PIPING

Piping Pre-fabrication ( Below CS 20" )

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31740 PIPING

Piping work, interconnection and alignment

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I / TELECOM

              A10201 E&I / TELECOM

Cable Tray and Support Work

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10301 E&I / TELECOM

Cable laying and Termination

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10411 E&I / TELECOM

Lighting, Small power DBs, Pushbuttons & local controls

          PIPELINE (KM 42 TO STATION-36" & Station to KM 42- 30)")

            CIVIL / STRUCTURAL

              A31724 CIVIL / STRUCTURAL

Civil works (Excavation, bedding) - 36" Pipe

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31725 CIVIL / STRUCTURAL

Civil works (Excavation, bedding) - 30" Pipe

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31726 CIVIL / STRUCTURAL

Thrust boring across the existing Road-NDRC

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31727 CIVIL / STRUCTURAL

Thrust boring across the existing pipe line-NDRC

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31728 CIVIL / STRUCTURAL

Civil Final Finishing works (Fense, Paving etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            PIPING

              A4169 PIPING

Pipeline laying and testing - 36 " - lowering, Alignment & Fit 

up

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4172 PIPING

Pipeline laying and testing - 36 " - Feild Welding, Testing 

(NDT RE..etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4173 PIPING

Pipeline laying and testing - 30 " - lowering, Alignment & Fit 

up

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4174 PIPING

Pipeline laying and testing - 30 " - Feild Welding Testing 

(NDT..RE etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4175 PIPING

Cold Tie-in at KM 42 (Preparation and Execution)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4180 PIPING

Hot Tap work KM 42 (Preparation and Execution)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I / TELECOM

              A4185 E&I / TELECOM

Cable Tray and Support Work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4186 E&I / TELECOM

Cable laying and Termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4187 E&I / TELECOM

Lighting, Small power DBs, Pushbuttons & local controls

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A4195 E&I / TELECOM

Leak detection system cable laying

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

          PIG Trap - STATION (36" Receiver & 30" Launcher) Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            CIVIL / STRUCTURAL

              A10401 CIVIL / STRUCTURAL

Pig Trap Station - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10421 CIVIL / STRUCTURAL

Pig Trap Station -  Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10422 CIVIL / STRUCTURAL

Pig Trap Station -  Concreting, Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10423 CIVIL / STRUCTURAL

Pig Trap Station -  Finishing, Protection Painting  and 

Backfilling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10426 CIVIL / STRUCTURAL

Pig Trap Station -  Finishing & Backfilling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10701 CIVIL / STRUCTURAL

Pig Trap Area -KM 42  - Civil Final Finishing works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            MECHANICAL

              A10501 MECHANICAL

Installation of Launcher unit (Along with associated 

Equipment), Alignment, Grouting

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y

              A10511 MECHANICAL

Installation of Receiving unit  (Along with associated 

Equipment), Alignment, Grouting

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y
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              A31750 PIPING

Piping Pre-fabrication ( CS 20" and above)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31751 PIPING

Piping Pre-fabrication ( Below CS 20" )

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              A31760 PIPING

Piping work, interconnection and alignment

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I / TELECOM

              A10601 E&I / TELECOM

Cable Tray and Support Work

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10602 E&I / TELECOM

Cable laying and Termination

Y Y Y Y Y Y Y Y Y Y Y Y Y

              A10603 E&I / TELECOM

Lighting, Small power DBs, Pushbuttons & local controls

Y Y Y Y Y Y Y Y Y Y Y Y Y

        PROCESS BUILDING

          SUBSTATION

            Civil and Architecture Works

              Substation Building

                CC1050 Substation Building

Stone Columns Works  & Testing including approval

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1051 Substation Building

Compaction Blinding & Water Proofing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                CC1061 Substation Building

Re-bar & Base Casting

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1071 Substation Building

Neck Columns and Grade Beams Casting

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1081 Substation Building

Grade Slab Casting - Zone 1, Zone 2 & Zone 3

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1101 Substation Building

Cellar Walls Casting - Zone 1, Zone 2 & Zone 3

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1131 Substation Building

Ground Floor Slab F/W, Re-bar & Slab casting - Part 1 & 

Part 2

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1141 Substation Building

RC Walls Casting above Ground Level  -Part 1

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1151 Substation Building

RC Walls Casting above Ground Level  -Part 2

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1171 Substation Building

Roof Slab Casting (FW, Rebar & Casting)

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1270 Substation Building

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1290 Substation Building

Civil Work Internal finishing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1490 Substation Building

Cable Trenches

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              VFD Room

                A31770 VFD Room

Stone columns Works  & Testing including approval -  VFD 

Room

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                A31771 VFD Room

Blinding , Reinforcement  -  VFD Room

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31772 VFD Room

Form Work -  VFD Room

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31773 VFD Room

Concreting & Curing -  VFD Room

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31774 VFD Room

Deshuttering , Protection coating,  Finishing work -  VFD 

Room

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31780 VFD Room

Backfilling - VFD Room

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

              HVAC Room , GAS Cylinder Area & Capacitor Bank GAS Cylinder Area & Capacitor Bank

                A31790 HVAC Room 

Stone Columns Works  & Testing including approval - 

HVAC, Cyl Area&Capacitor Bank

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                A31791 HVAC Room 

Blinding , Reinforcement  -  Re- HVAC, Cyl 

Area&Capacitor Bank

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31792 HVAC Room 

Form Work - Re- HVAC, Cyl Area&Capacitor Bank

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31793 HVAC Room 

Concreting & Curing - Re - HVAC, Cyl Area&Capacitor 

Bank

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31794 HVAC Room 

Deshuttering , Protection coating,  Finishing work - HVAC, 

Cyl Area&Capacitor Bank

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31800 HVAC Room 

Finishing work - HVAC, Cyl Area&Capacitor Bank

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

              Transformer Area (Including NER)

                A31810 Transformer Area (Including NER)

Excavation & Blinding - Trafo Bay and including NER

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                A31811 Transformer Area (Including NER)

Reinformcement & Form Work  - Trafo Bay and including 

NER

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31812 Transformer Area (Including NER)

Concreting & Curing  - Trafo Bay and including NER

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31813 Transformer Area (Including NER)

Deshuttering , Protection coating,  Finishing work  - Trafo 

Bay and including NER

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31820 Transformer Area (Including NER)

Backfilling  - Trafo Bay and including NER

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31850 Transformer Area (Including NER)

Cable trenches - Trafo Bay and including NER

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

              Other External Foundations (VFD, Transformers, EDG etc) Transformers

                A31830 Other External Foundations (VFD

Excavation & Blinding -  VFD, EDG etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                A31831 Other External Foundations (VFD

Reinformcement & Form Work  -  VFD, EDG etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31832 Other External Foundations (VFD

Concreting & Curing   -  VFD, EDG etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31833 Other External Foundations (VFD

Deshuttering , Protection coating,  Finishing work   -  VFD, 

EDG etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31840 Other External Foundations (VFD

Back Filling -  VFD, EDG etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A31860 Other External Foundations (VFD

Civil Work - Cable trenches VFD, EDG etc.

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

              External Finishing Works

                A31990 External Finishing Works

Civil Works - External Works & Services & Remaining 

Substation Works

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

                A32000 External Finishing Works

Civil Works - External Facade Finishing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

            Mechanical

              CC1260 Mechanical

HVAC Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Fire fighting

              CC1573 Fire fighting

Fire Protection Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1583 Fire fighting

Fire Fighting works Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Electrical

              Equipment Installation

                CC1460 Equipment Installation

F & G Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1560 Equipment Installation

Earthing - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1561 Equipment Installation

Power Transformers , NERs- Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1562 Equipment Installation

DG - installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1563 Equipment Installation

Capacitor - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1564 Equipment Installation

33kV GIS & Capacitors Switchgear  - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1565 Equipment Installation

11kV AIS  - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1566 Equipment Installation

LVAC System - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1567 Equipment Installation

DC System - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1568 Equipment Installation

LV Switchgear Bus Duct - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1569 Equipment Installation

Protection System- Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1571 Equipment Installation

Distribution Transformers - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1572 Equipment Installation

VFD Transformer Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1584 Equipment Installation

Small Power and Lighting - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1790 Equipment Installation

Cable work (Power & Control cables connection with in 

substation)

Y Y Y Y Y Y Y Y Y Y Y Y Y

              Pre-commissioning & Commissioning

                A32010 Pre-commissioning & Commissioning

Capacitor - Pre-Commissioning & Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32020 Pre-commissioning & Commissioning

Transformers - Pre-Commissioning & Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32030 Pre-commissioning & Commissioning

LV Switch Gear  Duct - Pre-Commissioning & 

Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32040 Pre-commissioning & Commissioning

LVAC - Pre-Commissioning & Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32050 Pre-commissioning & Commissioning

DC - Pre-Commissioning & Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32060 Pre-commissioning & Commissioning

33kV GIS & Capacitors Bank  - Pre-Commissioning & 

Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32070 Pre-commissioning & Commissioning

11kV AIS  - Pre-Commissioning & Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32080 Pre-commissioning & Commissioning

Protection - Pre-Commissioning & Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32090 Pre-commissioning & Commissioning

Distribution Transformer  - Pre-Commissioning & 

Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

                A32100 Pre-commissioning & Commissioning

VFD Transformer -  - Pre-Commissioning & 

Commissioning

Y Y Y Y Y Y Y Y

Y

Y Y Y Y Y E

          Control Building

            Piling Civil and Steel Structure Works

              CC1350 Piling Civil and Steel Structure Works

Stone Columns Works  & Testing including approval

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1780 Piling Civil and Steel Structure Works

Compaction Blinding & Water Proofing

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y

              CC2000 Piling Civil and Steel Structure Works

Re-bar & Base Casting

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC2630 Piling Civil and Steel Structure Works

Neck Columns and Grade Beams Casting

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3410 Piling Civil and Steel Structure Works

Grade Slab Casting - Zone 1, Zone 2 & Zone 3

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3420 Piling Civil and Steel Structure Works

Cellar Walls Casting - Zone 1, Zone 2 & Zone 3

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3430 Piling Civil and Steel Structure Works

Ground Floor Slab F/W, Re-bar & Slab casting - Part 1 & 

Part 2

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3440 Piling Civil and Steel Structure Works

RC Walls Casting above Ground Level  -Part 1

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3450 Piling Civil and Steel Structure Works

RC Walls Casting above Ground Level  -Part 2

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3460 Piling Civil and Steel Structure Works

Roof Slab Casting (FW, Rebar & Casting)

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3471 Piling Civil and Steel Structure Works

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC3472 Piling Civil and Steel Structure Works

Cable Trenches

Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

            Mechanical

              CC1520 Mechanical

HVAC Installation

Y Y Y Y Y Y Y Y Y Y Y Y

              CC1530 Mechanical

F & G Installation

Y Y Y Y Y Y Y Y Y Y Y Y

            E&I System

              Installation of Control System

                CC1621 Installation of Control System

SDH System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1622 Installation of Control System

CCTV System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y

                CC1623 Installation of Control System

PAGA System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1624 Installation of Control System

LDS System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1625 Installation of Control System

Access Control System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1626 Installation of Control System

ICS System

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1627 Installation of Control System

Small Power and Lighting - Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1630 Installation of Control System

Cable Work and termination (Control cable connection with 

in Substation)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Y

Y Y Y

              Precommissioning

                A32110 Precommissioning

Integrated Testing and commissioning of system

Y Y Y Y Y Y Y

        NON-PROCESS BUILDING

          Guard House

            Piling Civil and Steel Structure Works

              CC1140 Piling Civil and Steel Structure Works

Foundation Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1370 Piling Civil and Steel Structure Works

Cable Trenches

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1380 Piling Civil and Steel Structure Works

Building works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1640 Piling Civil and Steel Structure Works

Architectural works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1650 Piling Civil and Steel Structure Works

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

            Equipment Piping and E&I works

              CC1540 Equipment Piping and E&I works

E& I Installation

Y Y Y Y Y Y Y Y Y Y Y Y

              CC1760 Equipment Piping and E&I works

HVAC Installation

Y Y Y Y Y Y Y Y Y Y Y Y

              CC1770 Equipment Piping and E&I works

F & G Installation

Y Y Y Y Y Y Y Y Y Y Y Y

          Gate House

            Piling Civil and Steel Structure Works

              CC1180 Piling Civil and Steel Structure Works

Foundation Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1500 Piling Civil and Steel Structure Works

Cable Trenches

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1510 Piling Civil and Steel Structure Works

Building works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1820 Piling Civil and Steel Structure Works

Architectural works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              CC1830 Piling Civil and Steel Structure Works

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

            Equipment Piping and E&I works

              CC1700 Equipment Piping and E&I works

E& I Installation

Y Y Y Y Y Y Y Y Y Y Y Y

              CC1930 Equipment Piping and E&I works

HVAC Installation

Y Y Y Y Y Y Y Y Y Y Y Y

              CC1940 Equipment Piping and E&I works

F & G Installation

Y Y Y Y Y Y Y Y Y Y Y Y

        COMMON FACILITES

          Tank Area

            Piling Civil and Steel Structure Works Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              Piling and Civil works

                CC1030 Piling and Civil works

Piling Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1080 Piling and Civil works

Tank Area Foundation - Excavation, Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1100 Piling and Civil works

Tank Area Foundation - Reinforcement, Form work & 

Concreting

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1240 Piling and Civil works

Tank Area Foundation - Finishing work and Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1250 Piling and Civil works

Trench works - Excavation, Reinforcement, Formwork & 

Concreting

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1280 Piling and Civil works

Trench works - Finishing work & Back filling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1580 Piling and Civil works

Ready for Equipment Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC2450 Piling and Civil works

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              Steel Structure Works

                CC1430 Steel Structure Works

Structure Pre-fabrication (Fire Pump Shed) - Roof structure 

& Racks -Lot1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1431 Steel Structure Works

Structure Pre-fabrication (Fire Pump Shed) - Pipe Supports 

-Lot2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1432 Steel Structure Works

Structure Pre-fabrication (Fire Pump Shed) - Support -Lot3

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1570 Steel Structure Works

Structure Erection (Fire Pump Shed) Supports - Lot 1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1620 Steel Structure Works

Structure Erection (Fire Pump Shed) Supports and Roof - 

Lot 2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Mechanical (Equipment)

              CC1400 Mechanical (Equipment)

Potable water tank Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1588 Mechanical (Equipment)

Fire water Tanks  - Fit Up & alignment (Pre Fabricated 

segment) - Baseplate

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1588A Mechanical (Equipment)

Fire water Tanks  - Welding , Testing (NDT, RT etc) - 

Baseplate

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590 Mechanical (Equipment)

Fire water Tanks  - Fit Up & alignment (Pre Fabricated 

segment) - Level 1

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590A Mechanical (Equipment)

Fire water Tanks  - Welding , Testing (NDT, RT etc) - Level 

1

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y
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              CC1590B Mechanical (Equipment)

Fire water Tanks - Fit Up & alignment (Pre Fabricated 

segment) - Level 2

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590C Mechanical (Equipment)

Fire water Tanks  - Welding , Testing (NDT, RT etc) - Level 

2

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590D Mechanical (Equipment)

Fire water Tanks  - Fit Up & alignment (Pre Fabricated 

segment) - Level 3

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590E Mechanical (Equipment)

Fire water Tanks  - Welding , Testing (NDT, RT etc) - Level 

3

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590F Mechanical (Equipment)

Fire water Tanks  - Fit Up & alignment (Pre Fabricated 

segment) - Level 4

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590G Mechanical (Equipment)

Fire water Tanks  - Welding , Testing (NDT, RT etc) - Level 

4

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1590H Mechanical (Equipment)

Fire water Tanks  - Fit Up & alignment (Pre Fabricated 

segment) - Level 5

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1591 Mechanical (Equipment)

Fire water Tanks  - Welding , Testing (NDT, RT etc) - Level 

5

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1592 Mechanical (Equipment)

Fire water Tank  - Final Testing (NDT, RT etc.)

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC1593 Mechanical (Equipment)

Hydrotest

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2290 Mechanical (Equipment)

Fire water  Pumps Installtion

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC2320 Mechanical (Equipment)

All Equipment Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              CC2330 Mechanical (Equipment)

Potable Pump Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

            Piping

              CC1740 Piping

Pipe Fabrication & painting  - Lot 1 (Around substation 

building)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1741 Piping

Pipe , Support fabrication and painting - Lot 2 (Around 

compressor trains)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1751 Piping

Pipe, Support fabrication and painting - Lot 3 (Other areas)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2440 Piping

Pipe Installation - Around substation building

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2441 Piping

Pipe Installation - Around compressor trains

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2442 Piping

Pipe Installation - Other areas

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2480 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2490 Piping

Hydro Test

Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I Works

              CC2430 E&I Works

Cable tray and support work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3470 E&I Works

Cable work (Power and control)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3480 E&I Works

Installation of  panles, JBs, Feild instruments and cable 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

          Utility Area

            Piling Civil and Steel Structure Works Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              Piling and Civil  Works

                CC10001 Piling and Civil  Works

Utility Area - Piling Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1150 Piling and Civil  Works

Utility Area Foundation - Excavation, Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1150A Piling and Civil  Works

Utility Area Foundation - Reinforcement, Form work & 

Concreting

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1150B Piling and Civil  Works

Utility Area Foundation - Finishing work and Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1190 Piling and Civil  Works

Trench works - Excavation, Blinding

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1191 Piling and Civil  Works

Trench works - Reinforcement, Formwork

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1192 Piling and Civil  Works

Trench works - Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1360 Piling and Civil  Works

Trench works - Finishing work & Back filling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1450 Piling and Civil  Works

Ready for Equipment Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC2660 Piling and Civil  Works

Civil Final works -Pavings, Other Finishing works etc..

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              Steel Structure Works

                CC1200 Steel Structure Works

Utility Area Structure & Support  Pre-fabrication - Lot 1 

(Pipe rack & Support)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1201 Steel Structure Works

Utility Area Roof Structure & Support  Pre-fabrication - Lot 

2 (Pipe rack & Support)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1202 Steel Structure Works

Utility Area Structure & Support  Pre-fabrication - Lot 3 

(Roof & Supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1440 Steel Structure Works

Utility Area Structure Installation  - Lot1  (Pipe supports & 

Racks)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1680 Steel Structure Works

Utility Area Structure Installation supports  - Lot2 (Pipe 

supports , Racks Roof)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Mechanical

              CC2160 Mechanical

Air Compressor and Dryer package Installation 

(Positioning, Alignment & Grouting)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

              CC2190 Mechanical

Nitrogen Generation package Installtion (Positioning, 

Alignment & Grouting)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

              CC2260 Mechanical

Nitrogen Receiver package Installtion (Positioning, 

Alignment & Grouting)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

              CC2300 Mechanical

Instrument Air  package Installation (Positioning, Alignment 

& Grouting)

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

              CC2310 Mechanical

All Equipment Installtion

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

            Piping

              CC1660 Piping

Pipe Pre-fabrication - Lot 1 ( CS 20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1661 Piping

Pipe Pre-fabrication - Lot 2 ( Below 6", GRE pipes, SS 

Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1662 Piping

Pipe Pre-fabrication - Lot 3 ( Below 6", GRE pipes, SS 

Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2420 Piping

Pipe Installation - Lot 1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2421 Piping

Pipe Installation - Lot 2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2422 Piping

Pipe Installation - Lot 3

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2470 Piping

Hydro Test

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2530 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I works

              CC2410 E&I works

Cable tray and support work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3490 E&I works

Cable work (Power and control)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3500 E&I works

Installation of  panles, JBs, Feild instruments and cable 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

          Custody Transfer Area

            Piling Civil and Steel Structure Works Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              Piling and Civil Works

                CC1060 Piling and Civil Works

Custody Transfer Area - Piling  Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1060A Piling and Civil Works

Custody Transfer Area - Utility Area Foundation - 

Excavation, Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1060B Piling and Civil Works

Custody Transfer Area - Reinforcement, Form work & 

Concreting

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1130 Piling and Civil Works

Custody Transfer Area - Finishing work and Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1300 Piling and Civil Works

Custody Transfer Area -Trench work -Excavation,  

Blainding, Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1301 Piling and Civil Works

Custody Transfer Area -Trench work - Formwork, 

Concreting & Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1302 Piling and Civil Works

Custody Transfer Area - Trench work- Protection painting & 

Finishing work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1303 Piling and Civil Works

Custody Transfer Area - Trench work-  Back filling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC2370 Piling and Civil Works

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              Steel Structure Works

                CC1480 Steel Structure Works

Custody Transfer Area  - Structure Pre-fabrication - Lot 1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1481 Steel Structure Works

Custody Transfer Area  - Structure Pre-fabrication - Lot 2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1491 Steel Structure Works

Custody Transfer Area  - Structure Pre-fabrication - Lot 3

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1550 Steel Structure Works

Ready for Equipment Installation

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1690 Steel Structure Works

Custody Transfer Area  - Structure Installation / Erection - 

Lot1

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC3510 Steel Structure Works

Custody Transfer Area  - Structure Installation / Erection - 

Lot2

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC3520 Steel Structure Works

Custody Transfer Area  - Structure Installation / Erection - 

Lot3

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Mechanical (Equipment)

              CC2050 Mechanical (Equipment)

Metering Skid Installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

              CC2120 Mechanical (Equipment)

HIPS Installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

              CC2130 Mechanical (Equipment)

All Equipment Installation

Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y Y Y Y Y Y Y Y

            Piping

              CC1810 Piping

Custody Transfer Area  - Pipe Pre-fabrication - Lot 1 ( CS 

20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1811 Piping

Custody Transfer Area  - Pipe Pre-fabrication - Lot 2 ( 

Below 6", GRE pipes, SS Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1812 Piping

Custody Transfer Area  - Pipe Pre-fabrication - Lot 3 ( 

Below 6", GRE pipes, SS Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2210 Piping

Custody Transfer Area  - Pipe Installation - Lot1 ( CS 20", 

6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2211 Piping

Custody Transfer Area  - Pipe Installation - Lot2 ( Below 6", 

GRE pipes, SS Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2212 Piping

Custody Transfer Area  - Pipe Installation - Lot3 ( Below 6", 

GRE pipes, SS Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2340 Piping

Hydro Test

Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2380 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I works

              CC2090 E&I works

Cable tray and support work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3530 E&I works

Cable work (Power and control)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3540 E&I works

Installation of  panles, JBs, Feild instruments and cable 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

          Piperack

            Piling Civil and Steel Structure Works Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y Y Y Y

              Piling and Civil  Works

                CC1020 Piling and Civil  Works

Piperack Area - Piling  Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1110 Piling and Civil  Works

Piperack Area - Utility Area Foundation - Excavation, 

Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1110A Piling and Civil  Works

Piperack Area - Reinforcement, Form work & Concreting

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1110B Piling and Civil  Works

Piperack Area - Finishing work and Backfilling etc

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1410 Piling and Civil  Works

Pipe Rack area -Trench works - Excavation, Blinding , 

Reinforcement

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1411 Piling and Civil  Works

Pipe Rack area -Trench works - Formwork , Concreting & 

Curing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1412 Piling and Civil  Works

Pipe Rack area - Trench work- Finishing work & Protection 

coating/ Painting

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC1415 Piling and Civil  Works

Pipe Rack area - Trench work-  Back filling

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

                CC2250 Piling and Civil  Works

Civil Final works -Pavings, etc..

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y

              Steel Structure Works

                CC1610 Steel Structure Works

Pipe Rack :Structure Pre-fabrication - Lot1 (Till 

Compressor 1)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1611 Steel Structure Works

Pipe Rack :Structure Pre-fabrication - Lot2 (B/n 

Compressor 1 & 2)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1631 Steel Structure Works

Pipe Rack :Structure Pre-fabrication - Lot3 (Compress 3 & 

Remaining)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1840 Steel Structure Works

Pipe Rack :Structure Installation / Erection - Lot1(Till 

Compressor 1)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC3550 Steel Structure Works

Pipe Rack :Structure Installation / Erection - Lot2 (B/n 

Compressor 1 & 2)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC3560 Steel Structure Works

Pipe Rack :Structure Installation / Erection - Lot3 

(Compress 3 & Remaining)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

            Piping

              CC1730 Piping

Pipe Pre-fabrication - Lot 1 ( CS 20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1731 Piping

Pipe Pre-fabrication - Lot 2 ( Below 6", GRE pipes, SS, 

Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC1761 Piping

Pipe Pre-fabrication - Lot 3  Lot 3 ( Below 6", GRE pipes, 

SS Pipe supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2180 Piping

Pipe Installation - Lot 1 CS 20", 6-10")

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2181 Piping

Pipe Installation - Lot 2 ( Below 6", GRE pipes, SS, Pipe 

supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2182 Piping

Pipe Installation - Lot 3 ( Below 6", GRE pipes, SS Pipe 

supports)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2230 Piping

Inter-connection to Pipe Rack

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC2240 Piping

Hydro Test

Y Y Y Y Y Y Y Y Y Y Y Y Y

            E&I works

              CC2060 E&I works

Cable tray and support work

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3570 E&I works

Cable work (Power and control)

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

              CC3580 E&I works

Installation of  panles, JBs, Feild instruments and cable 

termination

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

          Flare System

            Piling Civil and Steel Structure Works

              Piling & Civil Works

                CC1040 Piling & Civil Works

Piling  Works

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

                CC1120 Piling & Civil Works

Flare System - Utility Area Foundation - Excavation, 

Pilebreaking, Testing

Y Y Y Y Y Y Y Y Y Y Y Y Y Y YY Y Y
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© Results_Analysis_Degree vOLR® « O Results_Analyss Betweenness_vOLR
1 Clsourceonswe A /-

# Histogram for In-Degree Distribution
ggplot(results, aes(x-resultssindegree)) +
‘geon_histogran(stat ~ "bin", fill - 'dark blue', binwidth = 1) +

114 ggtitle("In-Degree Centrality") +

115 theme(plot.title ~ element_text(hjust - 0.5, size-20, face = "bold™),
116 axis.text - element_text(hjust - .5, size - 12),

17 axis. title - element_text(size-14, face - 'bold")) +

118 lobs(x-"In-Degree Value", y = "Count™)

119

120 # Histogran for Out-Degree Distribution
121 ggplotiresults, aes(x-resultssoutdegree)) +

122 geonhistograa(stat ~ "bin”, fill = 'dark blue’, binwidth « 1) +
123 ggtitle("Out-Degree Centrality") +

124 theme(plot.title - element_text(hjust - 0.5, size-20, face - "bold"),
125 axis. text - element_text(hjust - .5, size « 12),

126 axis. title - elenent_text(size-14, face -~ ‘bold')) +

127 labs(x="Out-Degree Value", y = “Count™)

128

129

130 # Max In-Degree - 54
131 max(resultsSindegree)
132 mean(resultsSindegree)
133 getnode(resultsSindegree)
1301 (Top LeveD =

Console  Terminal

w4
> minCimovationsDegree)
w4

> # Histogran for In-Degree Distribution
> ggplot(results, aes(xeresultsSindegree)) +

geon_histogran(stat = "bin", Fill = 'dark blue', binwidth = 1) +
ggtitleC"In-Degree Centrality) +
theme(plot.title = elenent_text(hjust = 0.5, size-29, face = “bold"),
axis.text = element_text(hjust = , size = 12),
axis_title = element_text(size-14, face = 'bold')) +
Labs(x="In-Degree Value", y = “Count™)

# Histogram for Out-Degree Distribution
ggplot(results, aes(xeresultsSoutdegree)) +

geon_histogran(stat = "bin", Fill = 'dark blue’, binwidth = 1) +
ggtitleC*0ut-Degree Centrality™) +
theme(plot. title - slenent_text(hjust = 0.5, size-29, face = “bold®),
axis.text = element_text(hjust = 0.5, size = 12),
axis.title = element_text(size-14, face = 'bold')) +
1abs(x-"0ut-Degree Value®, y - “Count")
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Oactivities 60 obs. of 11 variables
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© top_10_nodes_de_ 10 obs. of 6 variables
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© Results_Analysis Degree vOLR® - © | Results_Analysis Betweenness vOLR O Results Analysis_Closenness VOLR - © Ensemble of Centrall ) . Environment _ Wistory  Connections =0
I sourceonsave A /- SRun | 5% @ Source « & bl 7 impontDataset - o st -
106 # Histogram for In-Degree Distribution 5 Global Environment « 3
107 ggplotCresults, aes(x-resultssindegree)) + bata
108 geon_histogras(stat - “bin", fill - ‘dark blue', binwidth ~ 1) + Oactivities 2 obs. of 11 varicbles

m axis.text - elesent_text(hjust - 0.5, size - 12), Oresults 30 obs. of 11 variables
o © top_10_nodes_de- 10 obs. of 6 variables
117 geon.histograscstat - “bin”, FILL - 'dark blue', bimwidth - 1) + i T T
120 axis.text - elesent_text(hiust - 0.5, size - 12),
3
126 maxCresultssindegree)
11973 (Top Leve ¢ Rsart ¢
m s
> # Histogran for In-Degree Distribution
ggtitleC"In-Degree Centrality") +
axis. title - elenent_text(size=14, face = 'bold'3) + 2-
9gplot(results, aesxaresultssoutdegree)) +

109 ggtitlec*In-Degree Centrality”) +
110 theme(plot.title - element_text(hjust - 0.5, size-20, face = "bold"),  tnnovation 1§ obs. of 11 varisbles
12 axis_title - elenent_text(st "bold') + O stakeholders 14 obs. of 11 variables
113 labs(xe"In-Degree Value®, y = © tail_10_nodes_d_ 10 obs. of 6 variables
115 # Histogran for Out-Degree Distribution
116 goplot(results, aes(x-resultssoutdegree)) + RS v B =
18 ggtitleCOut-Degree Centrality") +
119 theme(plot. title - element_text(hjust = 0.5, size-20, face = "bold"), Out-Degree Centrality
121 axis. title - element._text(size-14, face - 'bold')) +
122 labs(x-"Out-Degree Value", y = "Count") 8-
124
125 # Max In-Degree - 54
127 mean(resultssindegree)
128 getmode(resultssindegree)
Console Terminal =0
Daskiop/Upwork Trabalhos  mar-2020/2 - Gephi/Enginaaring Phase/Innovation Outcome 3506,
> min(stokeholderssDegree) €
o) 2 34
> ggplot(results, aes(xeresultssindegree)) + ©
4 geom_histogran(stat = "bin", fill = ‘dork blue’, binwidth = 1) +
thene(plot. title = element_text(hjust = .5, size-20, face = “bold"),
axis. text = elenent_text(hjust = 0.5, size = 12),
Labs(xe"In-Degree Value", y = “Count")
# Histogran for Out-Degree Distribution
geom_histogran(stat = "bin", Fill = ‘dark blue’, bimidth = 1) +
ggtitleC"Out-Degree Centrality"”) +
theme(plot. title = elenent_text(hjust = 0.5, size-20, face = “bold"
axis. text = elenent_text(hjust = 9.5, size = 12), 0-

axis. title = element_text(size-14, face = 'bold")) +
Labs(x="0ut-Degree Value®, y = “Count")
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106 # Histogram for In-Degree Distribution % Global Environment - a
107 goplotCresults, aesCr-resultssindegree)) Dota
108 geon histogran(stat - "bin”, ALl ~ 'dark blue’, binwidth - 1) + Ouctivities 124 obs. of 11 variobles
109 ggtitleC"In-Degree Centrality”) + : ;
110 theme(plot.title - element_text(hjust - 0.5, size-20, face - "bold"), ou ton 5 dbs. of 11 varidbles
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