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Abstract

As the global movement is moving towards reducing the leading causes of global warming, the
United Arab Emirates is one of the strivimgpuntries that is moving towards tackling this
phenomenon by launching initiatives that help reduce and control these emissions. In the UAE,
the buildingbés cooling |l oads account for 60%
Therefore, buildigs need a profound and practical solution to reduce the energy consumption
caused by the building facades. As the primary facade materials used in Dubai are fully glazed
facades, this paper aims to illustrate the potential reduction in energy consumpitidayéght

for a fully glazed building in the Dubai Design District. Although this case study already includes

a shading device, the aesthetic importance for architects impacted the real benefits of the fixed
shading device on this building. Thereforee tetudy aims to quantify the absolute energy
consumption reduction caused by applying different, more beneficial shading designs for that

particular building.

An office building was selected as the case study for this paper in Dubai Design District,
specfically building six. An extensive literature review was performed in this paper to highlight
relevant information to incorporate into the research methodology and simulation strategy. The
existing building was modeled on the simulation tool IES VE So#vaad was used as the base

case scenari&ix dfferent fixed shading devices were simulated and texted on the building against
the base case. These scenarios were in this order: Overhang Louvers in three dimensions 1200mm,
1500mm and 1800mm, 90 Vertical Fins, 45 Vertical fins as scenario twecrggg Horizontal

Louvers, Vertical Louvers and a double skin fagade in scenario six.

The energy consumption test was carried on every month of a year with a total energy consumption

result for each scenario. The daylight analysis was conducted on ored tffite space during



three timings, 9:00 am, 12:30, and 17:00, on two dates, 21st of December and 21st of June, to

check variations.

The results proved that fixed shading devices on a fully glazed office improved energy
consumption by using all the s@ios. Therefore, it is always beneficial to use external shading
devices. The results in chapter 5 show that the &gte scheme performed most effectively on

the office building case study achieving a reduction in energy consumption of 8.2% fromethe bas
case result in a year. Also, in Daylighting analysis, the most effective was tlieagggcenario,

where it achieves a reduction in average illuminance level of 60% in both December and June. The
secondbest method was the Horizontal Louvers, wheradhieved a reduction in energy
consumption by 7.7% compared to the base case, and in daylight, it achieved a decrease of 50%
in Both selected months. Horizontal louvers were generally more effective than vertical louvers.
Although this study tests the viedl louvers in two degrees yet the horizontal proves to be more

effective.

The annual energy consumption of the optimal scenario is reduced from 1670 MWh to 1532MWh
in the Eggcrate scenario three, which is a high reduction of 138MWh per year. Moreover,
daylighting analysis shows decreased average illuminance levels from 407.8 to 154.97 Lux,
equivalent to a 60% reduction in December and June. The results show that external fixed shading
devices on the office building facade reduce energy consumptiomtically, increasing building
efficiency and performance. It is recommended that external shading devices be applied at the
early stages of design phases, especially in fully glazed building facades that are very common in
office buildings in Dubai. It isllso essential to consider that shading device calculations should be
done according to the latitudes and longitude of the city of the case study, in this case, Dubai city,

to get the optimum energgaving results possible.
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CHAPTER ONE
INTRODUCTION



1. Introduction

1.1. Background Information

Many recent studiebaveshown that buildings around the world require a large amount of energy
for the lighting, heating and cooling of the indoor spaces. Lighting alone in an office building
typically takes about Z&i 40% of theb u i | denengg éossumption (Yang and Nam, 2010
Jenkns and Newborough, 2007; Li, 2010)owadays, there is a trend towardextessive use of
glazing in office buildinggo maximizedaylight lighting andto increase theonnectionof the
building userdo the outsidenvironmentHowever, this increase the use of glazing ia highly
critical design consideratiothat has anmpact ont h e b u ¢oblidg] heatiigand lighting

demand; not to mentiorthe possiblevisual discomfort causkby theabundance dlirect sunlight.

A bui | di n g émaintlemert df the buitdidgarshéecturehelping todefine its value

andits effecton theurban fabrico f t h e b ui.[Thkhefarg, architesteténd to wagk hard

to achiee the mostappropriate facadsince the visual aesthetics migtisoimpact the indoor
environment drastically in a given clinatcondition.T h e b u i riemtation gcbnsate and

facade materials awdl part of the consideration in defining titeal building facade treatment.
However,until recently mostoffice buildingstended to benainly glass boxesvhich is perceived

as the most aesthetically pleasing matetjafortunately,glas®thermalpropertiesare not very

strong wherebyit conducts five timesieatmore than avell-insulatedsolid wall, andtransmis

30%i 70% more solar radiation that a solid wall wouldfdot he bui |l dingds 1 nt
(Ashrae20013.

The best solution to tadkly the effect of glazing is the application of shading systems on the
facade which until recentlywas part of the designtage of the facade treatmdmit has now
bewmme integrated within the facade design to achieve the best aesthetic Fesattexternal
shadingwas originally used forpromoting greateprivacy, natural ventilationand asa shelter
from the outside enkdonment. Howevemvertime, externalfixed shading has become essential
and is now an important part of the building envelop®d helps to optimize the lighting
performance, visual comfornd redue energy consumptiqgrespecially in office building
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This researclnvolvesa case study dan office buildingin Dubai Design Districtpubai, UAE.
These office buildings are designed with an external fixed shading system. However, the research
will study these buildings and simulate the existing shadifegtedn the energy consumption as a
base case scenario. Later, the researcldeyict the potential energy savings achievable through
applying different external fixed shadirsgenarioswhich shouldhave a better impact on the
energy consumption froralighting and visual comfort perspectiv€omputer simulatiotools

will be usedto simulate the potential energy savings achieved by applying different external
shading design optiong.he shading optiong be investigatedre as follows: perpendicular
vertical fins, angular vertical fins, egyate and horizontal fing.hese external shadings systems
will be tested on theouthern wesern,andeastern facades in summer and winter seasons in Dubai.
The report will first depict information gathered from relevant research foumldeiaxisting
literature which helped in directing the aims and objectives of this reselsiethodologies will

be explaned followed bya full analysis of the outconseachieved along with their discussion.
Finally, the conclusion of the research study wilbbesentedlong withsomerecommendatios

for future studies to addreasy outstanding issuédentified during tle literature research stage.

1.2. UAE and Dubai

This researclnvolvesa case studperformedin the city of Dubai inthe United Arab Emirates
(UAE), which is acountry with ahot climate. In such climatconditionsit is important to manage
the solar radiation entering the indoor spadé® need for controlling the heat is to reduce the
effect it has orthe thermal and visual comfort of tHmuilding users, especially in arealose to
the glazed windows. Negativeedlth effectscan becausedby exposure texcessive sunlight
which can cause fatigue and insomnia (Aboulnaga, 2005).

Due to the increasing economic and population growth in Dubai, energy consumption is increasing
drastically. Therefore, sustainable stgies related to energy efficiency, regulatory frameworks

and sustainable events are being embraced in Dubai to help reduce this increase in energy
consumptionStudeshave shown that energy consumptiggawby around4% overthesix yeas

from 2009 ta2014,with a projeced furthel5% increasanticipatedy 202Q as presented in Figure

1.1.In order to slow down this growtlgreen building design methodolofggis beemmplemented

in governmental building regulationsuch asn theEstidaman Abu Dhabia n d  SnaDaildaia t
through rating systen{&arlsson, Decker& Moussalli, 2015)
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Figure 1.1UAE energy consumption over the last decade (Karlsson, Decker, & Moussalli, 2015)

As a strong initiative to resolve the enempnsumption issue in Duhahe Dubai government

developed aew version of itgreenbuilding evaluation systepA | S, avidich eonsists of four
categoriesBronze, Silver, Goldermand Pl at i num. The Silver Sadf a
and indust i a | buil dings, whereas the Sil vyvadtheSadf a

rest of the categories are optional. A simulation stwdgconducted to check the impact of Al
Sadéfact regul at i on shovwed inckeasenltheenergysavings ¢f buildisg s ul t s
t hrough i mpl e me ntaf H4g32% acéofdmg to theadateggry folioweddid

2016.

Asahotand humidcountfipu b ai 6 s tcaenmack up2ot49Crd@wingthesummer season

with ahigh humidity of 100% (Attia, 2017However,most commercial buildings in Dubhaave

fully glazed facades that result in discomfort due to the undesired heat gain for the users. Reduced
daylight in an office space and solar gatanaffect the performans®f the workersn a building,

but can be tackled by enhancing the glazing systemch asby using shading systems that

eliminate the solar exposure amdiuce thaliscomfort (Bach & Bourbia, 2016).
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1.3. Research Motivation

The main motivatiorfor this research is the abundant useexternalshading devices on fully

glazed facades purely for aesthetic purposes. According to a study in 2017, around 40% of the
worl ddéos total energy was c@WoeG®aofthetdtal hesgtdsb/gain| di n g
occurringthroughthe building (Cuce and Cuce, 2019Thereforethe motivation behindhis

research paper to encourage designers and developers to apply fixed external shading devices
rationally in order to improvéhe indoor environment and thenergy consumption of buildisg

In particular, this study aims t@ppraie the performanceof external fixed shading devices on

office buildingsin hot climate that are fully glazedThe main mtive wasalsoto improve and

assesthe effects of thesexed external shading devices on the indoor climate comforb@tice
performancseof the employees in the work place.

Having to work in a fully glazed building with a shading device that barelgimaimpact on the
indoors environment encouragate to carry outhis study to emphasize thmportance of
analyzing the best case scenario for the applied shading sievtbe early design stages.

1.4. Problem Statement

Designing shading devicesath ui | di ngé s e the suhlighpaaed heamdtainepect c e
the energy consumptiasf the buildingshould beproperly contemplate&everal researctudies

have proven the impact of shading devices on saving energy in a hot and humid climate. However,
most designers tend to design external shadinigeeas an aesthetic feature rather isatool

for energy conservatiorbelays in performing a propeenergy analysis of the shading system
designcanresult inthe designers and buildegnoring the findings and therefore the impact of

the designed shading system is not as efficient as it should be.

Therefore, shading devices require careful consideration at an early stage of the design process
especially inano f f i ce b ui ,lwhichncgnimenlyliasa ahall window to wall ratio
(Shahdan, 2018). Thizaper aimgo analyze the benefit of external fixedadingfor achieving

better energy conservationarhot-humid climatdike Dubai.
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1.5. ResearchAims& Obijectives

The main aim othis research is tmeasure the impact of different fixed shading typologies on the
energy consumption of an existing office building in Dubaisign District As most office
buildings in Dubai are fully glazed to achiettee desiredaesthetic valuethis research will
highlight the importance of selecting the correct fixed shading devices for an office budding
ensue they havehe desiredimpact on the overall thermal and visual comfufrthe employees.

In addition, the research will focus on exterfreéd shading devices since they have been proven
to be moreeffectivethan internal shading systems in reducing heat gain and solar radtatech.
shading devicgwill thus be investigated in this research since they have been proven to be more
practi@al in the UAE than movable kinetic shading devices. The design scenarios for the fixed
external shading will be: horizontal louvers, vertical find, vertical loyward an improved design
alternative to the exiting shading design currently applied ofatfa@le of Dubai Design District
office buildings.

The main objectives of this research are listed below:

1- Observe the energy performance of each fixed shading typa®gpsted in the design
scenarios.

2- ldentify potential savings by the use of these fighdding devices through using energy
modeling simulation software, such as 5.

3- Discover the impact of the facade on the indoor environment after applying the shading
devices on the building envelope.

4- Evaluate and compatkeoutcomes with other reaech papers relevant to this reseaash
identifiedin the literature review.

5- Highlight any limitations and knowledge gaps relevant to this research and propose
research recommendations for future researchers.

6- Test the impact of the external fixed shadon the indoor lighting levels to reduce the

solar gain and glaren screen monitor® improve ~ w 0 rviswalrcendort.
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1.6. Research Focus and Limitation

This research focuses aptimizing the external fixed shading system strategy to improve the
indoor climate as well as the visual comfort of a fully glazed offigéding. The research will

study several scenariasvolving different external shading device typologieghich will be
validated on an existing case study of an office building locetddubai. The studyims to
improve the performancendincreasahe benefi of external shading devices on offiseildings

since the case study selected already includes fixed external stadiogs However thisthesis

is aimedat bridging the gap between designing shading deices for aesthetic purposes and actually

taking full advantage of these devices applied on the facade of the building.

In addition, buildingdocated in sites witlsimilar climatc conditionsto Dubai will be able to se

and benefit from the outcomes of the researdhetp themselect and apply the most beneficial
fixed shading device for the building. Furthermore, different research papers with different shading
systemawill be studied to find the best tools to measthe performance of the building indoor

environment and visual comfort.

One of the research limitationstie extent oflata collection and analys&sit is not possible to
getall the required information from each and every tenant. Thereforeywdbabe collected for
one typical floor and multiplied by the floor numbers to get an estjmatech can then be

validated with the IES VE base case model.

1.7. Dissertation Content and Structure
The paper includes six chapters that are listed below as follows:

- Chapter 1. IntroductianThis discusgsthe information on fixed shading devices as well
asprovidesan overview of the importance of providing it in the UAE. Also, this chapter
includes tle list of the research aims and objectivesveall as the problem statement in
additionto outliningthe focus of the study and its limitaten

- Chapter 2: Literature reviewrhis includesdiscussions orthe shading devices, their
impact and ther history. The importance of external fixed shading devicesl be
highlightedto explain thenotivation behind this research topic. In this chapter, the shading
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typologieswill be mentioned to explaiwhy the fixed shading deviogas selectetbr this

study. Al®, different fixed shading device applicatiomdl be investigated and mentioned

in this chapter.

Chapter 3: MethodologyThis coversthe different methodologies used to study and
implement fixed shading devices to investigatarthmpact on the buildig performance

and energy conservation. Will also describethe types of software used to do the
simulations for this researeémnd the methodological framework for this research.

Chapter 4:CaseStudy of Dubai Design District This chapter talks about the building
selectedor this research and introduces the building features, logammoirconditions. The
climatic conditions are also explained in order to conduct the base case and validate the
use of IES VE software as the m#awol for this research.

Chapter 5: Results and Analysighisincludes all the results and analysis of the different
design scenarios conducted on the case study. This chapter will also include a comparison
between the different scenariésr the fixed $ading device behavior on the indoor
environment of an office space. The results will be compared with the base case generated
from the data collection and therefore any energy savings and lighting performance will be
detected and analyzed carefully.

Chagpier 6: ConclusionA summary overview of the research pajsegiven herewhere

the results are discussed atite findings are stated. The research limitations and the
contributionsto the field will be acknowleded in this chapter along with the future

recommendationfr any future studies.
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CHAPTER TWO
LITERATURE REVIEW



2. Literature Review

2.1. Shading devices

The building sector consumed around 40% of worldwide energy production and generated 1/3 of
greenhouse gas emissions. Thalding consumption of the energy varies through its life cycle
stages, mainly through the operating location, where around 35% to 60% is consumed for cooling,
ventilation, heating, and artificial lighting. Designing and constructing ereffgryent buildings

can enhance the energy performance of the construction through their life cycle.

Somenewspaperappear to be testing automatic louverth lighting controlsFor example,
Hammad  and\bu-Hizleh (2010)examinedhe  annual energy  savings  achieved

by addingfunctionalexternal louvers on theffice building in Abu Dhabi. The method used is
IES-VR software as a simulation tool. Their results showed no substantial difference in savings
betweerthe two formqatan appropriatangle),where thealifferencewasonly about

3%. Thereforethe use of a dynamic louver system in the climait¢he United Arab Emiratds
notneededlue to theextracost and effort (Hammad ardu-Hizleh,2010).Therefore,
afixed louversystem is more practical andsteffective.For this reason, this studiyas

focusedon staticdinghysystems.

A study by Bellia et al. (2013) was done on an office building in Italy. The study was done on the
effect of shading devices on energy demands. IT was based on three different climates, where the
results showed that addjshading devices on building in hotter climates is more practical than in
cold climates. The results showed that the savings in Milan (cold weather) were simulated to be

8% as critical 20% in Palmero (Bellia et al., 2013).
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Various strategies and methods a@eveloped for each stage of the project lifespan to minimize

the building energy consumption, divided into three main phases: prebuilding, operation, and post
building. The essential methods selected in the prebuilding phase include setting an appropria
site, building configuration and envelope, proper space organization, suitable building material,
and landscape design. At the same time, the operation phase consists of both construction strategies
and the building usages process. In the last phasesnérgyefficient process covers building

demolishing and recycling (Yuksek and Karadayi, 2017).

As mentioned before, various energfficient methods could be used through the building

lifespan; however, only building envelop enhancement will be stunitils paper.

The most crucial elements of any building functionally are the exterior shell, which considers the
first defense line against physical, environmental, and excessive climatic conditions exposure
based on its unique location and design (8kn8andak, Marcin, and Kutnar, 2020). The envelope

of the building is separation barriers between the exterior and interior environments of the
construction, which includes the floors, walls, doors, glazing elements, roof, and all the connection
joints. In addition, it must meet the economic, aesthetic, and security factors because the design
and construction of the building skin is a complex process that integrates science, art, and craft to

attain an efficient economic and operational building performafassem and Mitchell, 2015).

De Oliveira Neves and Marques (2017) mentioned that the building envelope has a tremendous
effect on Indoor environmental quality and air quality energy efficiency, and the total project
budget. According to several studiemound 70% of energgonserving occurred through
appropriate identification of the building's configuration and materials selection regarding project

local climate. The skin of the building responsible for controlling and filtering the natural light,
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intake air, heat, and cold, therefore in summer, it decreases the heat gain while winter minimizes

the heat loss (Yuksek and Karadayi, 2017).

The selection for appropriate and enegdfycient building skin strategies varies based on the
project's climatic coditions and location, where the envelope enhancement adopts both active and
passive design processes. The active design strategies utilize mechanical energy systems, but the
passive design methods harness the environment's energy resources such asdayhdigatg,

and natural ventilationzou, zhan and Xiang, 2021). Passive design strategies contribute to
preserving thermal comfort by utilizing the natural and climate parameters to achieve the
maximum and appropriate benefits and minimize heatinglinggoand lighting mechanical

systems.

Passive design methods vary based on the climatic and microclimatic conditions, project location,
and targets. As in cold climate regions, a building is designed and constructed to absorb solar heat,
achieve properaylighting and avoid winter wind (Tendulkar, 2017). While in hot and dry climate
regions like UAE, cooling is the main concern; therefore, the envelope of the building employed
strategies that decrease the daytime heat gain, increase heat loss thronigihttfme and
enhance cool ventilation accessibility. The passive cooling design used various technologies and
methods which improve the adaption of the building envelope in the hot and dry climate, such as
building orientation and configuration, shadugyices, insulation material, thermal mass, glazing
elements, and cool roof (Altan and Aoul, 2016) & (Keeler and Burke, 2016). The author of this

research will concentrate on shading devices.
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2.2. Importance of Shading Device

Shading Devices might be onetbk primary architectural elements that impact the city's urban
fabric. However, they also are essential in our communities for several reasons. First, these shading
devices sometimes help design our urban fabric and define the building's facade aeNdtitdtics
mention the effect on our daylight, lighting energy, and cooling /heating consumption depending
on the building orientation and climate. Therefore, a \defligned shading device system is
essential for a more energyficient building design anda better lifestyle and human

performance.

2.2.1.Energy Consumption

In a Cold climate, sunlight entering the space will provide passive solar heat gain, which will
reduce energy consumption for the use of the heater. On the other hand, in Hot climatesy the lo
design of sun control will result in excess solar gain, which will require high energy consumption

to cool the space.

2.2.2.Lighting
Another important use of controlled sunlight gain is receiving good daylight instead of the
discomforting direct sunlightyvhich will again directly impact the lighting energy consumption

and affect human performance due to the discomforting glare that will be caused.

A well-designed building will reduce the heat gain in a building or space, reducing the energy
consumptionand cooling requirements and improving the quality of the light received into the
spaces. Energy efficiency increase is reported to be reduced significantly between 5% to 15%

depending on the shading devices' location and quantity.
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2.2.3.Design of the buildirg

In addition to all the energy conservation and improved lighting in the building, it is essential to
notice the impact of the shading design on the building facade. Adesthined shading system

will achieve a better energy performance and act as seniéal aesthetic component in the
building design. Which can either be either wetegrated or unappealing within an urban context.

(Prowler, 2016)

All these impacts are achievable only when the design is done correctly arstudedt regarding
the sun study, building orientation, and climate conditions. This report will further explain the

correct steps to achieve the optimum design for shading devices in an office building.

2.2.4.Visual Comfort

Shading devices have a tremendous impact on the visual carhBdiven space, especially in

an office space occupied with computer screens and requires a particular lighting system.
Therefore, achieving the best amount of daylight into the entire space will help reduce the need
for artificial lighting and eliminat the glare caused by the direct sunlight hitting the computer
screen. Unlike thermal comfort, which is related to the air quality and temperature of the space,
visual comfort is related to the light quality, glare, and brightness. Visual comfort is ohetdrm

by few factors such as the spatial geometry and orientation, size and glazing openings, and surface
materiality and color specifications. (Steane & Steemers, 2004) All these factors can be tackled by

a successful external fixed shading system pravisio

2.3. History of Shading Devices
Throughout history, architecture's primary task and purpose are to create a suitable human shelter

despite the change in time, culture, and energetic parameters. The building skin is considered the
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main element that is cont@tated to help prevent any external discomfort from temperature, wind,
radiation, and climate conditions as it is considered thelbeadng mechanism of a building. The
building envelope is an important design factor and a curtail factor in the enegy ofthe
building. Therefore, shading devices have gone through profound changes through time to reach
today an advanced design mechanism that helps in improving the visual comfort of the users and

improve the energy performance of the building. (Na@y,72

2.3.1.External Shading Devices Through History

Throughout history, architecture's primary task and purpose are to create a suitable human shelter
despite the change in time, culture, and energetic parameters. The building skin is considered the
main elenent that is contemplated to help prevent any external discomfort from temperature, wind,
radiation, and climate conditions as it is considered thelbeatding mechanism of a building. The
building envelope is an important design factor and a curtail fatctthe energy usage of the

building. (Nady, 2017)

The most common uses for shading devices are to reguiaggntirand enhance privacy. In hot
climates, the most significant purpose is to inhibit the advancement of the heat during sunny hours
(Langston 2008). The expected outcomes in reduced requirements for AC systems permit
households and organizations to save money and contribute to saving the planet, such as reducing

carbon emissions.

Since prehistoric times individuals employed different meardack the sun from contact with
their homes. In tropical environments, ancient designers used to keep solar radiation off the

building's cover's impervious solid components where conceivable. Special care was to be taken
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to shade the windows to minimizieetincoming heat and prevent the risk of high temperatures.

The following are examples of external shading devices used in ancient times.

2.3.2.lwans

The material used to make these external shading devices consist of stone, bricks, and concrete.
Ilwan is an eternal shading structure used in conventional Islamic architecture; however, it is also
prevalent in modern architecture. It first materialized during the Parthian Empire (242BC

AD), and after the 11th century, it was extensively employed withinumental Islamic
architecture. Consistent with recent studies, a sfaging iwan can decrease a structure's energy
utility by 32%. However, Iwans cannot be executed if the building is already constructed

(Mumovic and Santamouris, 2013).

2.3.3.Shutters

These eternal shading devices are made of wood. Initial sandstone shutters with fixed boards
were completed in ancient Greece between 800 BC and 500 BC. Afterward, the notion was rented
by Mediterranean designers, and shutters made of wood with movable louvenge@émin
medieval Europe, solid shutters were utilized for safeguarding the household inhabitants, both
from the creepycrawlies and the thieves. Today, people denote the word shutters to either slotted

or solid window cover fixed outside.

2.3.4.Venetian Blinds
Although many people have believed that the Venetian blinds originated from Venice, yet it is still
unknown. It was also known that Egyptians used a reed to create a similar blind and the Chinese

with bamboo. Nonetheless, the Venetian Blinds were madef outoden horizontal stats with a
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cord to control the openings of the blinds. They become popular in the 20th century as they were

made of aluminum or plastic and were mainly used in office spaces.

2.3.5.Mashrabiya

According to history, the Mashrabiya, a wavd overlooking the street in Islamic architecture, was

a name given to a space enclosed with a wooden perforated screen where drinking water jars were
kept cool. The origin of the work Mashrabiya comes from the Arabic word "yashrab," which means

"drinking." (Fathy,1986).

The Mashrabiya dates back to Egypt as it was flourishing during the Tulunid eradB8B8nost

buildings were made of wood.

The industry of Mashrabiya construction has gone through all different eras and times, from the
Ayyubid (11721250 to the Mamluk era (125A.517). Since the Mashrabiya was offering great
privacy, it was prevalent in the time of the Islamic Ottoman era (t28®5) as it also was using

in various Arab regions as a unique artistic feature that beautified the strasfge(™1974). The
Mashrabiya is commonly used on the facade of vernacular buildings and an interior feature acting

as a privacy partition that would allow air circulation from one space to the other. (Feeny,1974)

However, the popularity of the Mashrabiya started to decline due to modernization and the
abandonment of vernacular architecture. The decline in the use of the Mashrabiya was summarized
into two aspects: one is due to the cultural abandonment of the wkmarcchitecture and the

second aspect is due to the impracticality of manufacturing the Mashrabiya structures.

Later, the name Mashrabiya was given to any wooden lattice screen with a circular perforation that
provided air ventilation for space. The eens were all handmade w#hbaluster that varied in
desig® old Mashrabiya in Cairo, Egypt 1640s¥ z savak Ak-ay .and Al ot man
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Figure2.2: Old Figure 21: Mashrabiya with wooden perforation
Mashrabiya design in in one panel source: Ashour, 2018
Cari o sourc
Akcay and Alotman,

2017

One of the fundamental architectural monuments of Islamic Architecture, the Mashrabiya, was
used vastly in most Islamic nations throughout history. The main impact the Mashrabiya has on
the building is sunlight, airflow, and temperature. The Mashrabiysisisrof an upper part

made of perforated wood and a lower solid wooden base. The lower base has a height between
30-50 cm, while the upper part is between 60 to 80 cm. The Mashrabiya comes wither in one

panel or divided into several panels, as illustrateeigure2.4 below.

Figure 23: Divided panels of wooden screens source: Ashour, 2(
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2.4. Types of shading devices

The selection of appropriate shading devices varies according to various factors, for example,
building configuration and function, location, orientation, sky conditions, climatic conditions, and
more. Therefore, shading devices are varied. Solar shading elements are categorized based on their

application into external and internal shading devices (Faisahlty, 2016).

2.4.1.Internal shading devices

Curtains, roller, or blinds considers used in the building as an internal shading device, where they
are installed inside windows. They specifically promote reflected and diffuse light, where blinds
and curtaingontrol daylight brightness while louvers changed light direction. In General, internal
shading devices efficiently control natural lighting and glare since they block sunlight after it
crosses glazed elements. However, they are thermally ineffectualsberast of the sunlight

short wave heat absorbed by the interior air, which requires a cooling system to be removed from
the internal spaces. In addition, they can be adjusted, retracted, and maintained easily, as well as

available in various forms and peis. (Stack, Goulding, and Lewis, 2013).

2.4.2 External shading devices

External shading elements are installed within the building facade to hinder sun radiations before
they pass through glazed features to the interior environifieerteforethey are consiered to be

the most efficient in minimizing the heat gains. Further, they affect the building performance in
terms of daylighting and natural ventilation. From the daylighting aspect, external shading
contributes to everting glare and decreasing the iityepidight. Moreover, they could be utilized

as wind capture in terms of natural ventilation. External shading also impacts the project envelope

aesthetic characteristic.
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Consequently, they require crucial consideration and deep thoughts for desightogstnuction.
Otherwise, they may negatively influence the building energy performance, thermal and visual
comfort (Wong and Istiadji, 2003) & (Stack, Goulding, and Lewis, 2013). According to Carletti,
Sciurpi, and Pierangioli (2014), external shadingtsyms are mostly more expensive and require
more maintenance than internal shading devices since they are constantly exposed to various

atmospheric factors.

Solar external shading devices are either fixed, moveable, or combined could be implemented in
building skin. Static (fixed) shading devices are an outstanding characteristic in vernacular
architecture, predominantly used in the building concerning various environmental conditions.
Several typologies and materials of fixed shading elements were usdd,asuhorizontal
overhangs and vertical fins shading, which could have been made of wood, concrete, tree branches,
bamboo, and fabric. They have been known widely as efficient monitoring glare and solar heat
gain and minimizing cooling energy consumptiarvarious climatic conditions (Al Dakheel and

Tabet Aoul, 2017).

While the moveable (Dynamic) shading elements can enhance the shading performance by altering
their positions and orientations, properties according to interior needs, and exterior dilmeate.
implementation of dynamic shading systems minimizes unpleasant and excessive solar heat gain,
improves natural light, increases natural ventilation utilization, may in some systems generate
energy, and enables the building occupants to adjust thengheldiments according to their
thermal and visual comfort and requirements. Further, they can be located either within the
openings glazing or erected overbuilding envelope. The implantation and maintenance of the
active shading system are complicated, eergive, and require extensive study and careful

analysis. (Al Dakheel and Tab®oul, 2017 &Stack, Goulding and Lewis, 2013).
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Moreover, vegetation such as evergreen trees, vines, and shrubs consider as one of the external
shading devices; if they are pkd in appropriate locations beside the building could provide
sufficient shading, which enhances building energy performance and thermal comfort. (Stack,
Goulding, and Lewis, 2013). Despite having various features, the primary usage of shading devices

is to reduce the solar radiation angle which hits the glazed building elements.

Figure 25: static shading devices in Figure 24: kinitec shading element:

Aqua Tower Hedrich Blessing envelp of Al Bahr Towers source: Ltd.,
source: Aqua Tower de Studio Gang Glass, KG and Corporation, 2020.

Edificio de Oficinas, 2020.

Figure 26: Vegetation facade in Parkroyal Collection Pickering hc
source: Denserad Green Building Typologies, 2020
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As mentioned above, solar external shading devices are fixed, moveable, or vegetation. The author
to conduct this research will concentrate only on fixed external shading device types and their

impact on the proposdulilding energy and daylighting performances.

2.5. Static external shading device

Static shading elements are used for a long time in various building types, especially in recent
decades when the designers developed their commercial, health care, offidestiatésand
institutional buildings based on curtain wall systems. Nevertheless, controlling daylight and heat
gain in curtain walls with the conventional shading system is complicated. Therefore, static
shading systems have developed over time in cordiigun, size, material, and function to attain

an adequate and appropriate interior visual and thermal comfort with an eye on the building's

architectural aesthetic, function, and requirements (Shrestha, 2016).

As presented in Hans's (2006) research, fstetling devices implemented in the building in their
primary orientation either horizontally or vertically or could be integrated. They are installed
concerning the sun path of the building location and the consequence solar angles. They are also
buildingroof projections and balconies considered as fixed shading elements. Orientation, location
of the building, and solar angles are significant factors in selecting the optimum type of static

shading systenm.hereforejt is crucial to study the main typol®s of fixed shading components.

2.6. Static shading devices typologies
As mentioned before, fixed shading devices' main classifications are separated into vertical,

horizontal (overhangs), and egrate, a combinain of horizontal and vertical.

22| Page



2.6.1.Horizontal shading elements

A horizontal fixed shading device is the most common shading element used to minimize sunlight
at high altitudes. Several forms of horizontal shading can be introduced in the building design to
achieve the maximum benefits, such as owagbaventilation blinds, fixed sunscreens, fixed

blades, horizontal louvers, lamella structure, etc. (Ardekani, 2014).

External fixed horizontal venetian blinds Horizontal fixed blinds works as overhan:

l
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Horizontal fixed blinds Horizontal fixedoverhang
Horizontal fixed louver Horizontal fixed shading in cavity

Figure 27: Various typologies of horizontal shading devices source: Ardekani, 2(

Horizontal shading elements are the most appropriate and effective for the building south facade
in comparison with the other fixed shading device typologies, but sometimes when the sun position
is getting lower, the fagade requires a broader shadinged®vettain enough shades for the area

(Ardekani, 2014). Horizontal shading overhangs are the most popular configuration and the
simplest devices placed in the construction for dominating direct sun radiation at a high angle.

Further, they are preferable the northern hemisphere to be implemented on the south building
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elevation, while in lower latitudes, they shade east and west faces. Moreover, in Mediterranean
regions where the warm climate is dominated, designers placed louvered overhangs over the
building envelope to freely let the cold breezes flow. Generally, to obtain the most effective
performance of overhangs devices, they should expand on both sides of the glazed elements
sufficiently where the length of the overhangs is specified by the winddth while the depth

defined by the height of aperture, latitude, and the distance between the overhang shading device
and glazed panes (Stack, Goulding and Lewis, 2013). In some regions where the wind velocity is
high, it is helpful to install shading ehents in the gaps between glass panes in contrast with
internal shading elements. Nevertheless lietter to ventilate the cavity to dismiss solar heat to

the outside (Ardekani, 2014).

2.6.2.Vertical shading elements

In comparison to horizontal shading devices, vertical shading devices are very efficient for solar
daylight at a low angle, especially in the morning, afternoon, and evening time. They are beneficial
for both west and east facades. Moreover, these desmtesce envelope insulation during the
winter seasons. Also, vertical shading elements according to the sun's locations and angles can be
designed and installed in various angles such as vertical fins, slanted vertical fins, vertical louvers,
and pilastes. Implementing vertical shading components on the south (east and west) is not

efficient due to the high sun angle in hot months (Faisal and Aldy, 2016) & (Ardekani, 2014).

fr

External fixed vertical fins External fixed slanted vertical fins

Figure 28: Various typologies of vertical shading
devices source: Faisal and Aldy, 2016
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2.6.3.Egg-crate shading elements

Eggcrate componeniacorporate vertical and horizontal shading devices, as shown in the figure
below (1.6). They are very efficient in blocking the sun's radiation at both high and low angles.
Therefore, they are preferably implemented in hot and dry regions (Ardekan),&Egoushi,

Smeda, and Bannani, 2013).

Figure 29: Egg-crate shading devices
source: (Sahu, 2020)

Generally, louver in horizontal and vertical external shading devices can be designed with
different section profiles such as ellipsoidal, gull wings, rectangular, diamond, curved. Further, the
louver aientation and angle can either settle to sun position in summer or be adjusted by solar
light sensors, which provide several orientations following sun path (Carletti, Sciurpi, and

Pierangioli, 2014) & (Ardekani, 2014).

Figure 210: Louvers shading components with various directions to enhan
shading source: tago architects: sur yapi offices, turkey, 2020
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2.7. Factors that Affect Fixed External Devices

External shading and sun control devices asigmaificant facet of many energfficient building

design approaches. Significantly, buildings that use passive daylighting or solar heating frequently
rely on ingenious external shading and sun control devices. Some factors influence the efficiency

of these devices, which consist of;

2.7.1.Climate

It is a datum that the weather changes daily, and the earth's position towards the Sun changes
through the year. For example, external window shading is an outstanding technique to inhibit
undesirable solar heatigarom accessing a habituated space during freezing seasons. Shading
can be delivered by natural redesigning or constructing components such as canopies,
outcroppings, and grills. Some shading devices can also work as reverberators, known as light
shelvesthat bounce natural light for daylighting deeper into building centers (Robinson et al.,

2015).

The design of active shading devices will be determined by the solar orientation of a specific
structure front. For instance, simple fixed projections are @peyational, covering souflacing
windows during the summer when sun angles are high. The same horizontal device is unproductive
at filibustering low afternoon sun from accessing wasing windows during the summer's

ultimate heat gain days.

2.7.2.Type of Glazing
Exterior shading devices are mainly operational, along with transparent glass facades. However,
high-performance glazing is now accessible that has very squat shading coefficients (SC). When

computed, these new glapsoductsdecrease the necessityr external shading devices. A
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distinctive exterior shading device such as a window with one or two layers of glazing permits
approximately 75 to 85 percent of the solar energy to access a structure that has an undesirable
influence on cooling billendsummer luxury, particularly in hot climates (Dixon, Connaughton,

and Green, 2018).

2.7.3.Position of the Sun

To correctly design external shading devices, it is essential to comprehend the Sun's position in
the sky during the cooling season. The site of theSarticulated in terms of azimuth and altitude
angles. The altitude angle is the Sun's direction above the horizon, attaining its outer scope on a
particular day at solar noon. On the other hand, the azimuth angle, also called the bearing angle, is
the Sun's prognosis's approach onto the ground plane comparative to the south (Yao, 2013).
External shading devices can have a vivid influence on a building's exterior. This influence can be
for the better or, the worse, the earlier within the design procetiateshading devices are
reflected. They are more likely to be gorgeous and effectively incorporated into the general

structural design of a project.

2.7.4.Materials

An extensive assortment of adaptable shading products is commercially obtainable, from canvas
canopies to solar screens, vertical louvers, shutters, andaowih blinds. While they frequently
perform well, their practicality is restricted by the necessity for physical or panwen operation.
Permanency and preservation matters are also criboakens. When planning shading devices,

it is essential to carefully assess all operations and maintenance (O&M) and safety insinuations

(Dixon, Connaughton, and Green, 2018). In some places, risks such as earthquakes and nesting
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birds may decrease integjreg external shading devices in the design. The prerequisite to uphold
and clean shading devices, mainly treatable ones, should be factored into -aggldéifeudget

scrutiny of their utility.

2.8. Advantages and Disadvantages:

shading devices are considetategrated components of the overall building skeleton; they are
also designed to reduce and control excessive direct sunlight from internal spaces. As well and
avoid any discomfort of the glare caused by the light entering a glazed building since shading
devices have been going through a historical change and improvements. There are many types of
shading devices with different advantages and disadvantages. However, since this research
considers Fixed Shading Devices, this section will state the advartagdjelssadvantages of this

specific shading type.

2.8.1. Advantages

1. The impact of shading devices on a glazed building could be drastic in terms of the
construction cost, energy consumption level, and the climate comfort of the building,
depending on the buildg use and the climate condition of the building location.

2. Fixed shading devices can reduce the direct solar radiation, which is directly related to the
unwanted buildup of solar heat gain inside the building, resulting in reducing the heat gain
by 40%.

3. Fixed Shading Devices have a significant impact on the direct sunlight radiation, which is
the most influential radiation which has the most immediate impact on the cooling load of
a commercial office when it reaches windows and other apertures sincanstantly

directed into the opeplan space interior. Therefore, using Shading devices will have an
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2.8.2.

incredible impact on reducing air conditioning cooling load in the building located in a hot
climate. Hence, saving energy and improving the thermal perfa@na&specially in high
cooling load and high glazing percentage buildings.

Providing the proper shading device on a building allows the daylight to enter and reduces
lighting indoors, which reduces energy consumption, especially withirglparoffices.

Not to mention the significant impact on the Visual Comfort of the internal space by muting
and scattering intense lighting that causes glare, especially in office buildings that are
usually fully glazed no a day. Shading devices are consideredlamtisystems that help
achieve glardree workplaces, which mainly rely on monitoring workstations that require
visual comfort.

Another advantage for shading devices used over history is the provision of privacy and
protecting the inside of the buildidigom the external environment Datta (, 2001).

Unlike movable shading devices, fixed shading systems do not require as much

maintenance as movable parts (Bahr,2009).

Disadvantages
Providing shading devices on a building facade might block the users' ntkwoatact

with the employees with the surrounding environment.

In addition, using external shading devices might minimize the natural daylight intake
entering the building, which increases the need for artificial lighting usage and hence
increasing the reergy consumption from the lighting aspect. External devices cannot e
uniformity of lighting within the space, which is done through usually using advanced

glazing systems that can redistribute the radiation room the facade area into space evenly.
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2.9.

The ug of fixed stationary shading systems does not allow flexibility to adapt the shading
aspect to the sun's direction, resulting in technical drawbacks in terms of shading, clarity,
and use of daylight.

In addition, external shading devices act as barrietsvden the building's internal
environment and the external noise level within a loud environment, which helps control
indoor acoustic comfort. (Aksamija, 2013)

Unlike indoor shading systems mounted behind the building, external fixed shading
devices mighbe more challenging to install and install. In addition, the maintenance and
cleaning of these shading devices are more problematic.

Reflected and diffused light radiations are not controlled by eternal shading systems due to
the radiation's wider angle$ incidence, and therefore, it is more effectively controlled by
internal shading systems.

Another significant advantage is the building envelope aesthetics, in which the fixed
external shading could be a great addition to the building envelope deaigngnt iconic

and recognizable within the urban fabric (Paul, 2019).

Solar shading devices selection considerations

Several factors affect the selection of solar shading devices, as presented below:

1. Facade orientation: The angle between the solartiamliand the facade window needs to

be considered to select the optimum shading components. As mentioned before, horizontal
shading elements are appropriate for the south facade where the sun's angle is high. In
contrast, vertical shading devices are nsuigable for east and west faces.

Windows type: Materials and types of windows require to be taken into account. Also, if

the building needs to cool down through natural ventilation, especially in summer, the
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designer should consider that the solar shadiavices do not minimize wind flow
capacity.

3. Solar shading devices color: It is better to install shading components with light colors to
reflect the sun's radiation.

4. Shading component durability: Exterior shading elements raise the cost of the building
budget. Therefore, it is essential to select durable shading elements, and they are well
installed in building skin without neglecting the maintenance methods and cost. Moreover,
they need to be compatible with the location weather, that solid shadimprents light
shelves usually used to reflect solar radiation in hot and moderate climates. However, they
are not preferable in the regions with snowy weather because they will gather snows and

ice (Hotel Energy Solutions (HES) | UNWTO, 2020).

2.10. Fixed facade Application

Many buildings are recognizable and distinctive due to the fixed shading system used. The
application of these fixed shading devices is not primarily aesthetical but mainly practical. The
need for applying external fixed shading ohuslding's envelope varies. There are many factors

to consider, like the orientation of the building, the climate conditions, and the building's function.
Recognizing the need for external shading devices on an early stage helps integrate the external
fixed shading in the facade design, resulting in an iconic feature that also provides a better climate
and visual comfort. This section will discuss case studies of fixed external shading applications in
different buildings by highlighting the main strategytieres to indicate the impact of these

applications on energy consumption. The following case studies are listed in table 1.1.
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Typology
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& Jackman Law AcademicLibrary ) ) o Pam Centre
o Brazil Office Building- i

@ Building1 Canada | -USA ] Bangsar Malaysia

@© Spain

@)

Table 2.1kinetic facade applications and typologies, edited source: Elzeyadi 2017

Jackman Law Building is an example of a vertical fixed shading system integrated into the
building's facade design. It is an addition to the University of Toronto Campus. North America is
more likely to integrate the shading systems into their buildinglepe; the Jackman Law
building was designed with a simple rhythm of vertical shade fins. Vertical stone fins run the
height of the crescent facade to shade from the south and west sun. After conducting daylight

studies, the architects have spaced thetbravoid blocking day

light coming into the building. The-fbot depth and Hoot center spacing of the fins helped

mitigate the glare and improved the daylight intake into the deep spaces within the building.

Figure 211: Jackman Law building utilized external fixed vertics
shading devices source: Hariri Pontarini Architects, 2020 32| Page



CruzenMurray Academic Library is another example of vertical shade fins made of perforated
metal spiraling around the round glazed bui¢di This building was awarded an AIA Arizona

Design Award in 2018 and is designed to follow several sustainable design solutions, both passive
and active design measures to reduce energy consumption. Some of these sustainable measures
are the geothermal Aepump system, insulated glass curtain wall, and the vertical fins that shade

the building facade. The perforated metal vertical fins are carefully placed to accept natural light

into the spaces at the appropriate times of the year.

Figure 212: Cruzenmurray Academic Library source: (Cruzeviurray Academic
Library, College of Idaho | Richard Kennedy Architects | Archinect, 2020)
Leblon Office building in Rio de Janeiro is the leading alternative investmamagement firm in

Brazil. The building consists of office spaces and private courtyards that include hidden vertical
courtyards. The G+7 floors building was designed carefully to reflect the distinct building
orientation, tackle the sustainable issues, maximize its efficiency. To achieve maximum sun
shading and privacy in the office building, the architect has introduced horizontal louvers along
the western frontage, as shown in figar&4 This treatment maintained the visual connection

with the oute environment while providing the desired protection and privacy needed.

33| Page



Figure 213: Leblon Office building implemented horizontal
shading devices source: Leblon Offices / Richard Meier & Partr
2020

The institutional building in Spain is an administrative public service office building. The building
form consists of three volumes that overlap with rotations. The rotations of each volume are which
is suggested by the building's plot. The first volurme@nd floor) follows the geometry of the

plot connecting the ground floor with the public realm. The second volume (first to the fourth

floor) rotates to align to the streets, which projects as shown in fgiise

Moreover, the third volume (fifth to &hSixth floor) is guided by a turn between the other volumes.
The building's office space requires natural daylight. Therefore, the main facade consists of large
windows that are carefully wrapped with translucent metal filters. These continuous horizontal

louvers provide solar shading and privacy and a unique identity to the building envelope.
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Figure 214: Public Service Office BuildingSpain source: Offices in the
Historic Centre of Barcelona BCQ arquitectusarcelona, 2020

The Pam Centre in Bangsar is the current headquarters of the Association of Architects of
Malaysia. The design provides a distinct ventilation approach to the Malaysian Climate conditions.
Box louvers an important shading system iatltlimates such as Malaysia, are the main facades
of the buildingas shown in figure 2.16n order to decrease solar coefficients, the@ate louvers
are directed towards the North Westside. These box louvers are made of horizontal and vertical
aluminum framesto provide adequate daylight. In addition to the solar shading system offered by
this egg crate louver system, the architecture also provides stack ventilation that exists in the shape
of the building by a vertical void and the other throughdilagonally stacked stepped atriums that

allow the air to flow directly from the lowest to the highest level.

— ————— - A <

Figure 215: The Pam Centre used eggate shading elements source: (The Ne
Architecture Icon in Malaysia The New PAM Centre, 2020
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2.11. Study factor
As mentioned in the previous chapter, the study goals are to enhance the energy performance of
the building and provide a sufficient amount of daylight during the working hours of the occupants

after implementingarious types of shading devices at the office building envelope.

2.12. Energy performance

Most people spend time inside the building either in their houses or offices. Therefore, in some
countries building sector used more energy than another sector apottatsn and
industrialization. As presented in International Energy Agency, buildings consume around 42% of
the global electricity production as shown below figure; in the UAE, where the dissertation case
study location, the residential and commercialdigs consume around 60% of the total energy

production (Alkhateeb and Abidijleh, 2019).
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Figure 216: UAE energy consumption by different secti
source: Alkhateeb and AbHlijleh, 2019
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Designing andconstructing an eneregfficient building is preferable for several reasons, for
example, minimizing electricity consumption used for heating, cooling, water heating, lighting,
etc. Also, buildingintegrated energy efficiency technology can enhance theointkvel of
comfort, reduce maintenance demands and cost, and improve the property's value. Furthermore,

they contribute to reducing greenhouse gas emissions and the utilization of fossil fuels.

2.13. Daylighting

Generally, daylight incorporates all of diteeflected, and diffused solar light, which can change
indoor rooms from a dreary atmosphere to a joyful and comfortable place. Therefore, architects
try to provide daylighting wherever in the building as much as possible. Office employees' surveys
presated that workers prefer areas with sufficient sunlight with some artificial lighting. Moreover,
previous studies indicated that spaces with enough daylights could provide several benefits related
to the building users' health and productivity (Day)Lightthe way to a greener and healthier

buildings | World Green Building Council, 2020).

Department of Energy (DOE) presented that lighting systems in all building types use around 25%
electricity and 40% by commercial constructions. Around half of thiswmption could be
conserved by the efficient utilization of daylight. Offices, schools, museums, and libraries can
reduce electricity consumption since lighting plays a vital role in these buildings. Therefore, the
proper utilization of daylighting withithe building minimizes the consumption of energy. Also,

it can decrease the heating and cooling consumption of electricity because daylighting cooler in
summer than other electrical systems, and in winter, it can heat the indoor spaces passively

(Lechner2015).
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Furthermore, in terms of building occupants' health, exposure to daylighting impacts circadian
rhythm positively, which seeks to enhance people's work productivity and satisfaction with their
surroundings. The surrounding exterior environmemeasurably influence humane health, that

the uses of window and sunlight provide access to ecologicahiation, links building users

with the exterior world and recuperate and recovers their psychical health (Shrestha, 2016).
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CHAPTER THREE
METHODOLOGY



3. Methodology
3.1. Overview

The methodology chapter introduces an examination of the study stages and steps. Each step of
the study requires specific methods and tools to ensure the research validity, which later all of
them will be defined and justified. Also, this chapter will shaweview of similar research
methods related to the study topic. The literature review presents that researchers used various
methodologies to evaluate the impact of fixed shading devices in terms of thermal and visual
comfort. Specifically, they mostlysed the computer simulation method to conduct their studies.
Moreover, it will introduce the study software used to evaluate proposed statics shading design

models' energy and daylighting performance.

3.2. Similar studies methodologies

The daylighting and electricity performance evaluation for the fixed shading elements was
conducted either by single or mixed methodologies; however, by reviewing the previous research,
the most used methods recognized were simulation and field measwwenathods, and a few

were carried out based on the literature review methodologies.

3.2.1. Literature review methodology

The literature review is an essential part of conducting any research that introduces an extensive
background and information that leads #lughors to establish their studies; as presented in Bellia
properly, Marino, Minichiello, and Pedace (2014) reviewed various papers related to solar shading
devices. They concluded with several considerations that guide future researchers to conduct their
investigations to build shading elements. Also, Kirimtat, Koyunbaba, Chatzikonstantinou, and
Sariyildiz (2016) presented several types of shading devices that could be used on building facades.

Also, they provided a list of previous studies that evalugtedmpact of shading elements in
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different climatic regions to highlight the simulation models' significance for various shading

element types.

3.2.2. Computer Simulation methodology

Researchers carried out various studies regarding shading devices' egluegarding thermal
performance and visual comfort based on the computer simulation method. Simulation is an
essential process to conduct different study types were the actual parameters and conditions are
imitated and developed through computer softwarevaluate and analyze them. It assists the
researchers in prophesying the study outcomes for both simple and complex projects. Moreover,
simulation gives an idea of the project performance without building it in the real world, which
reduces the cost anitne consumption, and risk. Further, it expands the investigation circle and
provides several alternative solutions and concepts for the study. Meresi, in 2016, used Radiance
software to evaluate the daylight performance for the classroom in Athensmtdtgated both

light shelf and semiransparent movable external blinds shading elements at the class facades in
different models to select the optimum shading height, reflection, inclination, and reflection. Also,
Alhuwayil, Abdul Mujeebu, and Algarny (19) utilized DesignBuilder software to assess a multi

story hotel in KSA's energy behavior. Several scenarios were developed to consist of a specific
type of shading devices such as vertical fins, overhangs, and louvers. Also, the author evaluated
the paypack period for the models. The study presented that the consumption ofestrggd

by 20.5% yearly compared to the base case after the utilization of shading devices, and the
additional cost returned in two years. In kharga Oasis, Egypt, a study meagctad to investigate

the influence of wooden solar screens on residential buildings through EnergyPlus software. The
authors developed several models based on the changing for screens perforation percentage and

depth to achieve the best energy perforreafithe study presented an enhancement in energy
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consumption that reduced around 20% in both West and south facade (Skéaifafahy and

Arafa, 2012). Moreover, Shahdan, Ahmad, and Hussin in 2018 used Revit computer software to
evaluate different configations of shading device's effectiveness on a school building in Shah
Alam, Malaysia. The study outcomes introduced a tremendous improvement in the reduction of

energy, particularly eggrate shading elements.

3.2.3.Qualitative methodology

Some of the shadindevices papers were conducted based on qualitative methodology where the

researcher was gathering data through observation, documentation, interviews, videos,
guestionnaires, etc. Faisal and Aldy (2016) observed around 172 building on Jalan Sudirman

Pelanbaru in their study. The research aimed to determine and study the shading devices utilization
regarding form and function. The observation findings presented that there were two shading

device categories in Jalan Sudirman, which were based on quactityrens.

3.2.4.Mixed methodology

Furthermore, the study was carried out in Seoul, South Korea, by Cho, Yoo, and Kim (2014) to
assess exterior fixed solar shading devices' efficiency. The research was conducted in three stages.
In the 1st stage, the authoredsEcotect and Daysim to evaluate sun shading and daylighting
performance for 16 types of shading elements to select the most effective two devices. In the 2nd
stage, the simulation was developed based on -BQE software to evaluate the energy
performane of the selected devices combined with the economic analysis. In the last stage, a
mock-up test model was created to check the applicability of installing these devices-aséigh

residential buildings, particularly wingressure tests and vibrationtsesrhe findings introduced
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that the horizontal overhangs and vertical panels were the most appropriate shading devices for a
high-rise building. Also, the consumption of cooling energy was reduced by 20%. The
combination of simulation and field experimgmpirovides more reliable, accurate, and applicable
results, but the study needs a long period and the control of variables more complicated, and it is

more expensive than other research methodologies.

3.3. Methodology selection and justification

As presentedefore, it is quite evident that different methodologies are used to evaluate and
investigate the efficiency of static shading devices. The main concern of this study is to assess
different types of solar shading elements on a rstittiy office buildingin terms of energy and

daylighting performance.

The primary method of this study is computer simulation support with literature review and
personal interview methodologies. The research starts with an extensive study of the main topics
related to fixed sading elements such as factors, importance, types, etc. Personal interviews
contributed to collecting information, drawings, and electricity bills. Software simulation is used
to investigate the validity of the case study and evaluate the proposedHadidgsscenarios.

Simulation procedures and modeling will conduct throughViESsoftware.

Computer simulation is the preferred methodology for this study for several factors related to
efficiency, time, and cost. Simulation can expand the investigatemwhere different factors can

be evaluated under a controlled environment and climate conditions. Further, this methodology
can develop digital models that imitate reality and its potential conditions quickly. Thus, enhance

the study efficiency and prale more accurate and effective findings. Also, computer software
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available for students either at a free or low price so that students can attain the objectives of their

studies with reasonable expenses.

3.4. Software selection and justification

The simulatbn process will conduct by Integrated Environmental Solutigirttual Environment
(IES-VE) software version 2019. The study targeted to measure the case study daylighting and
energy performance before and after implemented several types and configuwwhsbasiing
devices. It was chosen as the simulation tool for reasons of its validity, capability, and accuracy.
Moreover, IESVE provides several different environmental investigation variables and produces

graphical forms for the simulated models.

Various studies have examined the {EE software validity by comparing its results with actual

and field measurements. Freewan (2014), as mentioned before, uséd #68&ware in his study

to measure the annual daylight and solar distribution for officesrdtad. The radiance simulation

results of the scenarios and base case compared to the field experiments assessments. The findings
comparison presented a slight variation between the results of less than 10%. Another study used
IES-VE software to simulatehe effectiveness of shading devices over a-higg building in

Malaysia. The paper showed a slight difference between the measured and examination outcomes

(Lau, Salleh, Lim, and Sulaiman, 2016).

Moreover, Daaboul, Ghali, and Ghaddar (2017) assesséeimstudies the impact of a mixed
mode ventilation system that combined natural ventilation and HVAC system instead of the current
system for an office building in Lebanon. The investigation of the system occurred W&EIES
software. The calibration press presented a high agreement between the building electricity

consumption bills and IESE software outcomes, where the average discrepancy around 6%.
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3.5. Research methodology steps

The research steps of using simulation tools byWESsoftware as the followings:

1- The office building computational model will be created throughViESsoftware

concerning the building architectural and engineering data, location, and clinratitats.

2- The base case model validity and accuracy will be tested by comparing simulation

results with building actual electricity bills.
3- Various scenarios will be developed based on different types of shading devices.

4- The proposednodels will be evaluated in terms of their energy and daylighting

performances.

5- The assessment findings will be compared between them to extract the most effective

scenario.
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3.6.

Methodological framework
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Figure 31: Study methodological

framework
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CHAPTER FOUR
COMPUTER SETUP
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4. Computer Setup
4.1. Introduction

As presented in previous chapters, constructing an emdfigient building with an adequate
comfort level for building occupants requires various considerations, especially in the building

envelope.

This dissertation concerns upgrading an existing efbilding facade located in Dubai by
providing different shading elements to be more eneffigient and create a comfortable indoor

environment for the workers.

After conducted the literature review and selected the suitable methodology of the atma$ysis,
chapter will present the study implementation details. In addition, this study will illustrate the
analysis of various variables of computer simulation that impact the final research findings and

results.

The chapter will initiate with the castudys physical and operational features description (D3
office building). Followed by carrying out a validation procedure of theVESSeveral shading
devices will develop for the case study, which later will be analyzed in terms of building energy

performance and daylighting level through the software.

The case study is located in Dubai; as mentioned before, it is essential to study the site's climatic

conditions.

4.2. Climatic conditions analysis
The geographical location of the UAE made it characterized tgsert climate, which means a
very hot and humid summer, and in the winter months, the climate is warm and mild. The below

sections will show climatic conditions details.
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4.3. Temperature and Humidity

The temperature in summer months between April tofIdbwember is considerably high, where

the maximum average between 31°C to 42°C while the minimum average between 21°C to 31°C.

In the winter season, the minimum temperature reaches below 15°C, and th

winter temperature range between 24t@ 29°C (The climate of Dubai, 2020).

u Max temp
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Figure 41: Dubai average minimum and maximum temperatures fr«
Jan. to Dec. source: (Climate in Dubai, United Arab Emirates, 20z

e maximum average

As presented in the above figure, ttaolest month is January, where the lowest temperature is

recorded at around 15°C at night and above 20°C at daytime. While the hottest month of the year

is August, the highest temperature exceeded 40°C, the temperature decreased by around 10

degrees. Mdof the year, the humidity level in Dubai is high, which ranges between 50% to 65%,

as illustrated in the below figure24.In February, humidity is the highest, while the lowest level

is recorded in May.
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Figure 42: Average level of humidity source: (Climate in Dubali,
United Arab Emirates, 2020)
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4.4. Rainfall
The rain percentage in Dubai is deficient, where more than half of the year, the rainfall is rare. As
shown in figure 4.3, the highest precipitation percentagarocet in February, while the driest

month is August.
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Figure 43: Dubai average precipitation over the
year, source: (Climate in Dubai, United Arab
Emirates, 2020)

4.5. Wind
Dubai city has an average wind speatend from 5 km/h to 38 km/h, and from January to May,
the average wind speed could be stronger. Further, as presented in the below figure, from June to

December, the wind velocity becomes calmer with less than 20 km/h.
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® =28 ® =38 =50 ® =61km/h

Figure 44: Dubai Average wind speed over a ye:
source: (weather et al., 2020)
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Moreover, as indicated in Dubai wind rose diagram, most of the wind flows from different

directions, but most of the wind flows from the west direction.
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Figure 45: Wind rose of Dubai city
source: (weather et al., 2020)

4.6. Sun path

As identified in the solar path Figure 4.6, the total number of natural light hours in summer is
around 14 hours, while in winter, the sun shined around 10 hours.
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Figure 46: Dubai solar path diagram source: (DubHinited Arab Emirates
Sunrise, sunset, dawn and dusk times for the whole year, 2020)
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4.7. Casestudy selection

The Dubai Design District is selected as the case study to assess the best scenario for an external
fixed shading device system. Dubai Design District (D3) is a missedmaster plan dedicated to
cultivating the growth of the design community in UAE, sachstartups, entrepreneurs, and
established international luxury design and fashion industries. The master plan consists of three
phases within the free zone business parks, where the selected study is considered part of Phase
one of the D3 masterplan, inding 11 office buildings with an estimated 100 retail units and
1,000 office units. It is the most connected design, fashion, and luxury destination in the United
Arab Emirates and the world. It is characterized by distinct public areas, unique shhaealysa
including millennial retail, f&b, and galleries for the public on the ground floor level. D3 hosts
events throughout the year that attract designers and fashion brands worldwide to participate and

visit, such as D3 Fashion Showcase, Dubai Desigek\and D3 Architectural Festival.

Figure 47: Design District masterplan highlighting completed Phase One of the visio
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Phase one of the vision master plan was completed and opened for the public and t20abts in
The creative district consists of three main blodkse North block, which includes four buildings
towards the north direction overlooking the Dubai Creek. The Core Block is located in the center
consisting of 4 buildings, two towards the eastavaltowards the west; the South Block consists

of 4 buildings, two of which are the highest in the masterplan reaching 12 stories, unlike the rest

of the buildings which reaches six stories only.

All buildings include a large ground floor level which lmdes the building lobby, retails,
Restaurants and cafes, and galleries and event spaces that help activate the public realm and allow
for all the events to happen successfully. Since this research addresses the external fixed shading
device impact on oftie buildings, the design district building fagade is unique and iconic due to

its external fixed shading devices that are triangulated and applied in different orientations in the

building envelope.

Figure 48 Image of the Dubai Design Districk from the road.

These shading elements were intended to improve the indoor climate comfort and the visual
comfort for the offices of the D3. However, according to the surveys conveyed and filled out by
the tenants and users of D3 offices, it has been stated that the @amd@onment of the current
shading design application is not convenient as the shading devices are intended to be. Therefore,
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one building has been selected to prove this theory and to apply different shading scenarios to
improve the climate comfort asaltas the visual comfort of the office spaces in one of the selected
buildings in D3. This study has selected building six, which is located in the Core Block facing

the west sunlight direction, for the analysis. Building 6 is shown in Figure 4.9 below.

BUILDING 6

Figure 4.9 Isometic Diagram Highlighting buidling Six of the Dubai Design District

4.8. Siteanalysis

Dubai Design District Phase one is located close to Mohammed Bin Rashid City and adjacent to
Business Bay Dubai. Sitwuated in a very geogra
is roughly 16 minutes away from Dubai International Airport an@inbu44 minutes away from

the new Al Maktoum International Airport. D3 can be accessed from Sheikh Zayed Road E11
from the west or Al Khail Road E44 from the East and Al Ain Road E66 from the South, as shown

in Figure 4.10. The Dubai Creek is located taigathe North of the site, a walking distance away

from the buildings. Public Transport is also convenient where the visitors can either take the public
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Bus route to D3 from either the Emirates Tower metro station or Dubai Mall Metro Station to

reach D3, with is roughly eight minutes away.

Buildings Six is located to the west of the phase one buildings facing Al Khail Road. It is accessed
from the same roads as the rest of the buildings, and the parking lots are all located on one side for
all the phase ambuildings. However, Buildings six is one of the few buildings with basement

parking, as shown in Figure 4.11 below.

Figure 411: Site contextof D3 and site accessibility
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4.9. Casestudy construction materials
The construction materials of the D3 building have been installed invVEESoftware as
mentioned in the architectural drawings and interviewed with the engineer. The main system used

in the building envelope is curtain walls and combo roof, presented below in Table 4.1 in details.

Thermal
conductivity

Total U-value
(W/mz2.K)

Envelope \EVCIENEVES Thickness
elements (mm)

Waterproof coating
SBR bonding agent - -

Screed 100 0.19

Roof Filter layer - 0.134 -
(combo roof) Liquid coating 6 0.5

Insulation (Polyurethane foam) 170 0.0242

Concrete 320 1.85
Plaster layer 15 0.72
Outer pane 6 1.06

('i’jret;?ﬁ'wwazlil')' Cavity 18 1.91 -
Inner pane 6 1.06

Table 4.1Building envelopeconstruction material

4.10. 4.9 Software validation

It is essential to conduct a validation process to ensure the investigation outcome's accuracy and
capability. Therefore, the software results will be in the next stage compared with another source.
The D3 office building will be constructed in the & software as identified in the architectural

drawings concerning the building location, configuration, and construction materials.

Due to difficulties in collecting the energy consumption bills, only the author collected electricity
bills of one floor forthree months and the total consumption of one year, which was gathered from

the landlord.
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4.11. Model setup
Building six offices consist of the ground floor, mezzanine used as commercial and five floors
divided into offices. Only the office's floors are inserted in the software, including offices

apartments, corridors, and services area, as shown in figure 4.12.

Furthermore, building the ground floor will be neglected in the simulation, which is used as a

commercial area.

B
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|

Figure 412: Typical floor plan
As illustrated below figure 4.13, all the architectural features obthieling were considered,
especially the shading elements. The construction materials of the facade were assigned as
mentioned in the previous table. Moreover, the author defined other parameters to achieve more
accurate results of building energy perfame, such as infiltration, internal loads, thermal and

lighting loads, orientation, and the surroundmngidings
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Figure 413: Perspectives of thbase case simulation modedource: IESVE software 2019

The location of the selected case study and climate play a crucial role in achieving reliable findings.

Thereforethe Dubai location and the nearest climate data were assigned, the Abu Dhabi weather

file. These data consist of temperature ranges, winatwgldatitude, and longitude.
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Figure 414: Base case weather data, source: {¥5 software, 2019
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Generally, heat enters the building from exterior sources like solar radiation, which transfers
through walls andgjlazing elements convection, radiation, and conduction. Also, the ambient air
transfers heat to the building through ventilation and infiltration. For this research, only the

infiltration rate value will be considered, which is equal to 0.25 ach.

The intenal heat gains are both latent and sensible heat released within the building's interior
spaces, which increase the temperature degree and humidity of the area. The main sources of heat
in any building are occupants, lighting systems, and equipment (\Mamg, and Piette, 2019).

The lighting system that used in the building is fluorescent lighting. Also, the number of building
employee vary among the floors. Therefore, it will be estimated that range of workers on each

floor from 50 to 75. The internal hiegains sources in the building defined in the software

presented below table4.2.

Internal heat gain sources Equipment Lighting

Maximum consumption (W/m?2)
Max. sensible gain (W/person) 90

Max. latent gain (W/person) - = 60

Table 42: Internal heat gains inserted in the IB& software, source: ASHRAE handbook, 2017
& IES-VE software, 2019

Furthermore, author create offices HVAC and lighting profiles to improve the efficiency of the
simulationmodel results.

- HVAC profile

One profile developed for the building base case during weekdays. As shown in figure 4.15, during
weekdays profile, author estimated that employees will start working from 8:00 am to 19:00.

Further, it was assumed trduring weekends the offices will be closed.

59| Page



| 1w Pragecy ity Protive D&Y 0023 SRR X"

Frofie »
A cod a3 weetdm coork T g heun
Cawgmrna Canieg, WAL
| Tive 1 TEITE
1B 1 H
i
| me 1330 4
— -
| 2em 0 B
= - 5
0] ram o | B
5| m 13% ]
ol =
i | 24m »
17 14 Le L2 30 33 30
Tune of Day
& La® Fr——— B o
-y o G

Figure 415: Weekdays HVAC profile, source: IESE
software, 2019

- Lighting profile
Same of the HVAC profile, the author developed two profiles for the lighting system, which will
be switched from 8:00 am to 19:00. Even during daytime, the offices depend on artificial lighting
system because most of the time employees prefer to closarthims due to the sun glare. While

in the weekends lighting system will be switched off.
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Figure 416: weekdays lighting profile, source: IE.
VE software, 2019
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Corridors, services, and public toilets (building core) will not consider as part of energy simulation;
therefore, their lighting, HVAC systems, and equipment electricity consumption will be avoided.
However, they should be built in the computer model ndigg their construction materials

because they impact heat transfer.

4.12. Simulation modelvalidity

After installing UAE climate conditions, internal heat gains, and HVAC systems setting of the
office building as mentioned before, an investigation was caaduabrough IES/E software for

the base case model. Further, building construction material and envelope shading elements were

modeled as the existing building.

A comparison between actual energy bills and the simulation model results is presentesl in tabl
4.3. As shown, the discrepancy between simulated model findings and actual energy consumption

ranges between 3.26% and 8.5%.

Energy bills IES-VE energy consumption Validation

(MWH) (MWH) discrepancy %

27.7 8.5

33.14 31.42 5.2
28.86 27.44 5.1
362.63 374.45 3.26

Table 43: Validation of energy consumption between simulation model and actual consumption

Unfortunately, actual electricity for all months is not available to support the accuracy of the
simulation model, but based on this investigation-VESsoftware confirms its ability to conduct

the rest of the study analysis properly.
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In the next parof this chapter, several scenarios will be created oAMESoftware to improve

building energy performance concerning building construction parameters.

According to the literature review, the most effective statistic shading devices implemented in
building facade are horizontal overhangs, vertical fins, horizontal and vertical louvers, and egg

crate, which all of them proposed in the simulation models.

4.11.1 First scenario

Due to the complicity of specifying the depth of the horizontal shading dekeauthor assumes
three dimensions for depth 1200, 1500, and 1800 mm located at the top of each floor with 50mm
depth. Therefore,three simulation models were developed based on the horizontal overhangs

shading elements, as shown below figure 4.17.

1800 mm model

Figure 417: 15t scenario simulation models horizontal overhangs shading elen
source: |IESVE software, 2019
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4.11.2 Second scenario

In the second scenario, thathor used vertical shading fins. Usually, the vertical fins are inserted

at the window corners, but in the case study, the office building facade from fully curtains walls;
therefore, the vertical fins dimensions used in the simulation model are 75Gptm 50 mm

width and it extended along the building height equal 19,250 mm. Also, the distance between each
fins 1000 mm. Moreover, the author proposed two scenarios of vertical fins. The first one is the
vertical fins, placed perpendicularly in the llilg envelope, while the second one is designed at

an angle of 45°.

a Option Al6, perpendicular vertical fins pl
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Figure 418: 90° vertical fins simulation model source: IBR&E software, 2019

b- Option A206, the angular vertical fins, the

to the sun path

Figure 419: computational model of the 45° degree vertical f
source: IESVE software, 2019
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4.11.3 Third scenario

The third developed scenario was designed based on compensation between vertical fins and
horizontal =wovatkaonwgsTheegpgoposed design took
rotation of 45° vertical fins fathe vertical elements, while the horizontal devices will be repeated

several times among the building with 750 mm depth and the space between them equal to 500

mm as presented in the below figure

Figure 420: Egg-crate $1ading elements IEEYE model source: IES/E
software, 2019

4.11.4 Fourth scenario

In this scenario model, the author used the horizontal louvers concept; according to previous
chapters, horizontal louvers are designed in different sizes and forms; therefore, the slats
measurements implemented in the model 50 mm thick, 200 mm depttmedledgth of the slats

will be equal to the building perimeter. Also, the distance between each slat is 200 mm.

Side view Perspective view

Figure 421: Horizontal louvers shading devices proposec
model, sourcelES-VE software, 2019
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4.11.5 Fifth scenario

Vertical louvers are the shading elements used in this simulation model where the vertical slats
are distributed surrounding building facades. The dimensions used for the same as the previous

scenario, buthe height will be 19,250 mm, and the depth is 200 mm, as shown in figure 4.22.

Figure 422: 5" scenario simulation model,
source: IESVE software, 2019

4.11.6 Sixth scenario

The author in this scenario creagednique design of shading elements used to cover the

building, as illustrated in figure 4.23

Figure 423: Sixth scenario computational model
perspective, source: IESE software, 2019
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After developing all proposed simulation models for the case study as presented before, the six
scenarios were simulated on IES to conduct a study on energy consumption and daylighting

analysis.

- Energy consumption simulation

The energy analysis Wwibe concentrated on the whole building office apartments for one full

year.

- Daylighting simulation

In the daylighting simulation, the author specifies one office on the fifth floor for all scenarios
where the office will be simulated at two peafsoof time on 21 December and 21 of June at the

most critical timing of the day9:00 am,12:30 pmand 17:00 pm

The findings of these scenarios investigation will be used in the next chapter to figure out their

influences and find the optimum shadingneéats.
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CHAPTER FIVE
RESULTS AND DISCUSSION
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5. Results and discussion
5.1. Introduction

This chapter analyzes the results from the simulations conducted through IES VE software to
investigate the impact of external fixed shading devicab@nffice building in the Dubai Design
District, particularly building six. The simulation shows the impact of six different scenarios on

energy consumption and daylight.

Cooling andelectricity loads were analyzed on the existing building fagade design to compare
with the six proposed shading devices. These scenariob@reontal overhangs, vertical fins,
horizontal and vertical louvers, and eggte. These results will be compared in latethis

chapter against the base case and put in a chart to get the highest energy consumption result.
Daylighting analysis is conducted in one office space on the fifth floor of building six due to the
typical spaces the office building has. The invesitgeis done in December and June at noon to
analyze the daylighting illuminance levels achieved by the different scenarios proposed at the

harshest time of the day.

5.2. Energy consumptionresults

Thefollowing conditionswereusedin comparingenergyconsumgion results:

1- Base Case: Existing Building Shading Devices

2- Six Shading Scenarios: All the scenarios were modeled ofVESoftware, and the
energy analysis will be concentrated on the entire office building for one entire year. The
daylighting study wasonducted on two offices on the fifth floor for all scenarios during
two periods; one 21st of December and the 21st of June during three different times; 9:00

am, 12:30, and 17:00.
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These results will be compared on charts to figure out the most effective shading device on

the energy consumption and daylighting of the case study.

5.2.1. Base Case Results

Based on the current condition of the existing building six described in the fthagiter, the

actual electricity bills were compared to the base case with a discrepancy between 3.26% and

8.5%. The results of the Design District Building 6 energy consumption per month are shown in

Table 5.1.

5.2.2. First Scenario Results

Month

January
February
March
April
May
June
July
August
September
October
November
December
Total

Electricity consumption

(MWh)

101.25
108.33
124.43
124.60
153.95
164.31
164.30
184.20
164.21
136.99
128.26
114.86
1669.67

Table 5.1Base Case Energy Consumption

Based on the literature review, the first enhanced scenario for the fixed shading device is the

horizontal overhangs. Since it was not decided which dimension is the most optimum, three

dimensions were tested 1200,1500, and 180Qutamed at the top of each floor. The three
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di mensi onsO resul t s-casebelowdndigum &.1 as dn owtdornetfor $cdnario b a s ¢
one. The results show that the electricity consumption of the three dimensions is better than the
base case perforance, especially Summer season, where theréestded reduction is in May

by around 5SMWh, while in winter, the energy consumption is almost the same. Comparing the
three dimensions, the most efficient dimension in a horizontal overhang design is b&30, w

achieves a total of 1639.4 MWh a year and is less by 30.3 MWh.

Energy consumption per mont8cenario 01
190
()

180

170 ,\_/ \

160 A \

150

140

130 R ~
120 ,

110 ’

100
90

MWh

Jan.| Feb. Mar. Aprii May June July Aug. Sept. Oct. Nov. Dec.

—— Base case 101 108 124 125 154 164 164 184 164 137 128 115
1200 Overhang 103 109 124 123 153 163 163 182 163 137 130 117
1500 Overhang 101 108 122 121 150 160 161 180 161 136 128 115
1800 Overhang 101 108 122 121 149 160 160 180 161 136 128 115

Figure 51: The energyconsumptionof the 1 scenario compared to the base case
5.2.3. SecondScenarioResults
The second scenario strategy focused on using vertical fins as the enhanced solution to the facade
treatment inserted at the window corners. Since the building is fully glazed, the scenario modeled
is 750mm depth and 50mm width and extends throughoutiifagade height. Two options were
modeled; at 45° and 90°. Figure 5.2 illustrates the results of the two options within the second
scenario against the base case. In general, the results are more effective than the first scenario,
where the reduced emgrconsumption is very significant in both angles however the 45° shows
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better results, especially in Summer, which shows a reduction by 9MWh compared to the base

case and 7 MWh for the 90° vertical fins option.

Energy consumption per mont8cenario 02

190
180
170
160
150
140
130
120
110
100

90

MWh

Jan. Feb. Mar. April  May June July Aug. Sept. Oct. Nov. Dec.

—@— Base case 101 108 124 125 154 164 164 184 164 137 128 115
90 Vertical Fins 97 104 119 118 147 158 158 177 158 132 123 110

45 Vertical Fins' 96 | 102 116 117 145 157 157 175 156 130 122 110

Figure 5.1The energy consumption of the"®scenario compared to the base case
5.2.4. Third Scenario Results
The third scenario uses a combination of vertical fins and horizontal overhangs,-arategg
external shading device. The simulation was modeled using the 45aWvért& and horizontal
devices, as shown in chapter four. The simulation results are presented in figure 5.3 below, with
an apparent reduction throughout the year. A reduction of 11 MWh is detected in the Summer and

Winter seasons, particularly in Januand August. The total energy consumption for this scenario

is 1532.04MWh which is less than the base case by 137.6 MWh.
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Energy consumption per mont8cenario 03

190
180
170
160
150
140
130
120
110
100

90

MWh

Jan. Feb. Mar. April May June| July Aug. Sept. Oct. Nov. Dec.
—@—Basecase 101 108 124 125 154 164 164 184 164 137 128 115
Egg-crate 90 96 111 | 114 143 155 155 173 152 124 116 104

Figure 5.2The energy consumption of thé93cenario compared to the base case

5.2.5. Fourth Scenario Results

This scenario uses horizontal louvers as the fixed external shading device for the office building
facade. The horizontal louvers are spaced on the facade by 200mm and 50mm thick, 200mm depth
across the building perimeter. Figure 5.4istrates the energy consumption achieved in this
scenario against the base case readings. This scenario achieves a similar reading @sdtee egg
scenario. The energy efficiency increases in both the Summer and Winter seasons with total
electricity consmption of 1541.64 MWh. The total energy reduction is equal to 128.0 MWh from

the base case result.
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Energy consumption per mont8cenario 04

190
180
170
160
150
140
130
120
110
100

90

MWh

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.
—@— Base case 101 108 124 125 154 164 164 184 164 137 128 115
—@— Horizontal Louver 91 97 112 115 144 155 156 173 152 125 117 105

Figure 5.3The energy consumption of thé"4gcenario compared to the base case

5.2.6. Fifth Scenario Results

This simulation moddor this scenario was done using vertical louvers extending along the entire
building fagade with a depth of200mm as illustrated in figure 4.22. The results show an evident
reduction in energy consumptions throughout the year, especially in the sunasm, sgith a
reduction of around 8 MWh in August. The total energy consumption for this scenario is 1582.45

MWh which is less than the base <case by 87.22MWh in a \vyear.

Energy consumption per mont8cenario 05

190
180
170
160
150
140
130
120
110
100

90

MWh

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.
—@— Base case 101 108 124 125 154 164 164 184 164 137 128 115
—— Vertical Louver 95 102 117 117 146 157 157 176 156 130 121 109

Figure 5.4The energy consumption of the 5th scenario corepato the base case
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5.2.7. Sixth ScenarioResults

The Sixth scenario was intended to be a unique fixed shading design covering the building
envelope creating a double skin as illustrated in 4.23. The energy consumption per month is shown
in figure 5.6; the figug illustrates an apparent reduction throughout the year but mainly in February
and March, reducing 9 MWh. The total consumption of the sixth scenario is 1569.90MWh in a

year, with around 100MWh of reduced energy consumption compared to the base case.

Energy consumption per mont8cenario 06

190
180
170
160
150
140
130
120
110
100

90

MWh

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.
Base case 101 108 124 125 154 164 164 184 164 137 128 115
Sixth Scenario 93 99 115 117 147 158 158 176 155 127 119 107

Figure 5.5The energy consumption of the 6th scenario compared to the base case

5.3. Energy Consumption Results Comparison

In order to assess the developed models' efficacy, a yearlong comparison is conducted regarding
energy consumpin. As can be seen from Figure 5.7, the enhancement scenarios provide an
evidently improved energy performance against the base case scenario except for the horizontal
overhangs presented in the first scenario, which show a minor impact on the energyptiomsu

as the rest of the proposed designs. The most efficient scenario is toeatggcenario (third
scenario), where the total energy consumption is reduced by 138MWh from the base case scenatrio,
as shown in the figure below. The Horizontal Louvemsipromising results and improvement

almost as good as the Egrate scenario with a reduction of 128.07MWh in a year. In order to

74| Page



select the most optimum strategy, it is essential to analyze the daylighting results conducted and
compare them with the erggr consumption to figure out the best solution that provides enough

daylight and at the same time reduces the energy consumption of an office building.

1700
1669.67 1667.9

1650 1645.3 1639.4
1601.3
1583.1 15825
1570
1541.6
1532
1500 I
1450

m Base Case m 1200 Overhangs m 1500 Overhang m 1800 Overhangs m 90 Verical Fins

[N
[e2]
o
o

Energy (MWh)
o
()

m 45 Vertical Fins m Egg-crate Horizontal Louvers: Vertical Louver Sith Scenario

Figure 5.6 Total Electrical of the base case and the developed scentriasne year
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Scenario 1 Scenario 1 Scenario 3 Scenario 4 Scenario 5 Scenario 6

Month
Base case

MWh [ % | MWh | % | MWh % MWh % MWh % MWh %

Jan | 101.25 | 101.32| 0.07 | 96.38 | 4.81 | 90.21 | 10.9 | 91.08 | 10.04 | 95.19 5.99 | 93.07 8.08

Feb | 108.33 | 107.68 | 0.60 | 102.05| 5.80 | 95.69 | 11.67 | 96.63 | 10.80 | 101.63 | 6.18 | 99.14 8.48

Mar | 124.42 | 121.61| 2.26 | 116.29 | 6.53 | 111.47 | 10.41 | 112.39 | 9.67 | 116.7 6.20 | 114.92 | 7.64

April | 12459 | 120.58| 3.22 | 116.52 | 6.48 | 113.78 | 8.68 | 114.7 | 7.94 | 116.93 | 6.15 | 116.78 | 6.27

May | 153.94 | 149.48| 2.90 | 145.46 | 5.51 | 143.41 | 6.84 | 144.11 | 6.39 | 14586 | 5.25 | 146.5 4.83

June | 164.31 | 159.89 | 2.69 | 156.61 | 4.69 | 154.64 | 5.89 | 155.32 | 5.47 | 156.91 | 450 | 157.51 |4.14

July | 164.29 | 160.16 | 2.51 | 157.07 | 4.39 | 154.97 | 5.67 | 155.82 | 5.16 | 157.41 | 4.19 | 157.77 | 3.97

Aug | 184.18 | 179.53| 2,52 | 175.16 | 4.90 | 172.97 | 6.09 | 173.43 | 5.84 | 175.75 | 458 | 175.97 | 4.46

Sep | 164.21 | 160.66 | 2.16 | 155.61 | 5.24 | 151.45| 7.77 ([ 152.16 | 7.34 | 156.23 | 4.86 | 155.09 | 5.55

Oct | 136.99 | 135.54 | 1.06 | 129.79 | 5.26 | 123.86 | 9.58 | 124.55| 9.08 | 129.83 | 5.23 | 127.42 | 6.99

Nov | 128.26 | 127.94| 0.25 | 122.16 | 4.76 | 115.62 | 9.85 | 116.54 | 9.14 | 121.26 | 5.46 | 118.94 | 7.27

Dec | 114.85 | 114.97 109.96 | 4.26 | 103.93 | 9.51 | 104.87 | 8.69 | 108.69 | 5.36 | 106.74 | 7.06

0.10

Total | 1669.67| 1639 | 1.81 | 1583 | 5.18 | 1532 | 8.2 1541.6| 7.67 |[1582.5 | 5.22 | 1570 5.98

Table 5.2 Energy Consumption results and reduction percgatper month

5.4. Daylight Results

In this section, indoor illuminance levels will be evaluated to measure the effectiveness of the
proposed Fixed Shading devices. The results will be compared to the base case illuminance levels

using simulation tools, IES VE using the RADIANCE plugin.
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Anilluminance level is a measure of the amount of daylight that falls upon surfaces. Table 5.3 lists
the standards of daylight illuminance level that are to be used for evaluating the implications of

the fixed shading devices (Nabil & Mardaljevic 2006).

Average Daylight Energy implications
llluminance
100 lux Insufficient either to be the sole source of illumination or tc

contribute significantly to artificial lighting.
1001 500 lux Effective either as the sole source of illumination or in
conjunctionwith artificial lighting.
50012000 lux It is perceived either as desirable or at least tolerable.

> 2000 lux Visual and thermal discomfort

Table 5.3 Daylight llluminance Standards, (Nabil & Mardaljevic 2006)

The llluminance levels is measured in one office on the fifth floor for all scenarios where the office
will be simulated on 21 of December and 21 of June at three different hours, 9:00 am, 12:30 pm,
and 17:00. Table 5.6 shows all the results of the avditagenance levels in December and June

and the three timings. Although the simulation was conducted for the three timings however the
highest outcomes are at 12:30 phierefore,the result analysis for each simulation model is

completed later in this sgon only at one time in two months.
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IED VE 7 Luminance Levels (Lux)
Date/Time Base | Scenario| Scenario| Scenario| Scenario| Scenario| Scenario
Case 1 2 3 4 5 6
09:00
7 235.70 | 452.32 | 164.53 89.42 117.24 | 150.75 | 192.14
g AM
o 1230
'5'.3 | 407.80 | 781.37 | 284.05 | 154.97 | 201.74 | 260.22 | 330.59
= PM
L
O 17:00
'g ' 69.09 133.03 48.36 26.32 34.47 44.39 56.23
PM
IED VE 7 Luminance Levels (Lux)
Date/Time Base | Scenario| Scenario| Scenario| Scenario| Scenario| Scenario
Case 1 2 3 4 5 6
09:00
554.74 | 833.37 | 303.38 | 165.12 | 21497 | 278.07 | 353.37
- AM
(7]
N 12:30
E : 613.49 | 1176.54| 428.10 | 235.24 | 305.10 | 392.61 | 498.67
Z PM
D
i 17:00
283.42 | 542.60 | 197.61 | 107.54 | 140.15 | 180.90 | 229.66
PM

Table 5.4 llluminance Levels for Two Dates and Three timings sould&S VE

5.4.1.

The following tables shows a comparison between the base case and the optimum shading device

scenarios for one office on the fifth floor of building six in Dubai Design District. Radiance contour

Base Case Daylighting Results

levels and average uiininance lux levels are indicated.
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llluminance plans indicate areas with daylight illuminance above 500lux in light green. With a
threshold of 500Lux, radiance contour images demonstrate the glare caused by sunlight

reflection.

Table 5.4 shows the base case daylighting analysis for the current facade treatment. The radiance
contour plan indicates that the illuminance levels are above 900 Lux in a large section of the space.
The current conditions allow for much direct sunlighbispace, causing overheating and glare,
discomforting in an office space. However, the average illuminance results on 21st December is

around 407.80 Lux, and on 21st of June with an average of 613.50 Lux.

Base case Base Case
215t December 215t June

llluminance Plan
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Radiance Contour Plan

()
o)
©
=
()
O
c
©
§=
£
=)
a
Average llluminance Level Average llluminance Level
407.80 Lux 613.49 Lux

Table 5.5Base Case Illluminance and Radiance contour plans
5.4.2. Scenario OneDaylighting Results
The first scenario has three options in three dimensions:1200, 1500, 1800mm, but according to the
energy consumption analysis, the 1800mm option gave the best results in terms of energy
consumption; therefore, the daylighting analysa&swonducted on this option only as part of the
first scenario. Table 5.5 below shows the daylight analysis for fixed shading design proposal of
horizontal overhands. The results show a slight increase in the average illuminance levels
compared to the basmse. In December, the illuminance levels had reached 781.37 Lux and in
June, 1176.54, which is not a promising result for the office climate comfort.
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Scenario  1800mm
215t December

llluminance Plan

RadianceContour Plan

Luminance Image

Scenario  1800mm
215t June

Average llluminance Level

Average llluminance Level
781.37 Lux 1176.54 Lux

Table 5.6Scenario 1 Illuminance and Radiance contour plans
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