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Abstract 

The impact of climate change and global warming on buildings energy consumption has been an 

arguable topic in many studies all around the world. However, there are limited studies on the 

effect of climate change on UAE buildings and its impact on energy demand. As global warming 

is hitting all areas in the entire world, designing and retrofitting buildings based on future 

weather conditions is essential to avoid early deterioration of buildings especially in countries 

with high air temperatures like UAE.  

This motivates the research on finding to most energy efficient solutions that would reduce 

energy consumption of UAE high-rise buildings in present and future weather conditions. To 

achieve this goal, future weather datasets in hourly time step for UAE were collected from three 

statistical tools representing stabilization and high emission scenarios. Those datasets were 

analyzed and compared with present weather files. This study has revealed that the derived 

future weather files daily dry-bulb temperatures are increasing throughout the years, while the 

daily relative humidity ratio and global horizontal solar radiation values are marginally 

decreasing from the present values.  

Then, energy efficient solutions were selected to test their effect on total system and cooling 

energy of high-rise buildings in UAE. Those solutions include increasing the insulation of 

external walls, improving the glazing thermal properties, and adding heat recovery units to the 

HVAC system. In this study, a high-rise building with 60% WWR which represents a typical 

UAE high-rise building was used as a base case to test the selected solutions on it.  

This study has shown that the energy consumption of UAE high-rise building will keep 

increasing in future and it can reach up to 50% more from the present consumption in period 



 
 

2090 in high emission scenario. Using glazing with enhanced thermal properties would reduce 

more energy than applying sensible and latent heat recovery units. However, after 50 years the 

sensible and latent recovery units would reduce more energy than the enhanced glazing. 

Applying the three best options in this study was able to reduce total system and cooling energy 

by 20% to 21% in present and future periods.   



 
 

البحث عن مختصرة نبذة  

ي العديد من الدراسات في فتأثير تغير المناخ والاحترار العالمي على استهلاك الطاقة في المباني موضوعًا قابلًا للجدال  يعتبر

لة الإمارات العربية جميع أنحاء العالم. ولكن هناك دراسات قليلة حول تأثير تغير المناخ على استهلاك طاقة المباني في دو

اومة الظروف الجوية عالمي يشمل جميع مناطق العالم، فإن تصميم المباني وإعادة تجهيزها لمقالمتحدة. وبما أن الاحترار ال

 ربية المتحدة. الإمارات الع دولة المستقبلية أمر ضروري لتجنب التدهور المبكر للمباني خاصة في البلدان الحارة مثل

لشاهقة في دولة ن تقلل من الاستهلاك في المباني اوهذا يحفز البحث على افضل الحلول الموفرة للطاقة التي من شأنها أ

حالة لبيانات مسجلة  ةجمع مجموعالإمارات العربية المتحدة في الظروف الجوية الحالية والمستقبلية. ولتحقيق هذا الهدف، تم 

ث أدوات إحصائية من ثلا هذه الملفات جمعت. مستقبلية لدولة الإمارات العربية المتحدة على عدة فتراتكل ساعة في الطقس 

ت الطقس الحالية. اكشفت البيانات هذه ومقارنتها بملفا ةتحليل مجموعتمثل سيناريوهات التثبيت والانبعاثات المرتفعة. وقد تم 

سنين، في حين أن نسبة هذه الدراسة أن هنالك تزايد في درجات الحرارة الجافة اليومية في ملفات الطقس المستقبلية على مر ال

 من القيم الحالية. ضئيل شكللرطوبة النسبية اليومية و الإشعاع الشمسي الأفقي اليومي يتناقصون با

والطاقة التبريدية  ةكليالالطاقة  استهلاكالطاقة لاختبار تأثيرها على  توفيرفي عالية كفاءة ذات  وبعد ذلك، تم اختيار حلول 

ائص وتحسين الخص للمباني الشاهقة في دولة الإمارات العربية المتحدة. وتشمل هذه الحلول زيادة عزل الجدران الخارجية،

مبنى  تصميمة، تم إلى نظام التكييف. في هذه الدراس حرارة المستنفذةال ترجاع، وإضافة وحدات اسالنوافذ زجاجلالحرارية 

لاختبار سوف يستخدم  وفي دولة الإمارات العربية المتحدة  ةشاهقللمباني ال نموذجك، %60ذة للجدار فيه هي النافشاهق، نسبة 

 عليه.الموفرة للطاقة الحلول المختارة 

 ادةهذة الزي ستمر في المستقبل، ويمكن أن تصليسوف في المباني الشاهقة استهلاك الطاقة زيادة قد أظهرت هذه الدراسة أن 

استخدام  قد توصلت ايضاً إلى انسيناريو الانبعاثات العالية. و حال استمرار في 2090٪ من الاستهلاك الحالي في فترة 50إلى 

إلى نظام  حرارة المستنفذةال ترجاعمن تطبيق وحدات اسكثر ألطاقة ل الاستهلاك لقلجيدة يخصائص حرارية ذو  نوافذ زجاج

ً  50، بعد لكن. وفي الوقت الحالي التكييف من طاقة إلى نظام التكييف  حرارة المستنفذةال ترجاعوحدات اسسوف توفر  عاما

في الوقت  ٪21٪ إلى 20بنسبة  يةوالطاقة التبريد ةالكليالطاقة  استهلاكخفض  و قد تمالمحسن.  زجاج النوافذأكثر من  المبنى

.اسةتطبيق أفضل ثلاثة خيارات في هذه الدرالحالي والمستقبلي عند 
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1.1- Built Environment effecting climate change  

The built environment is an indispensable element of modern life. Over the past century there 

has been a dramatic increase in using buildings because humans in developed countries spend 

between 80% ~ 90% of their time there. As shown in figure 1, a person living in an urbanized 

area would spend around 86.9% of his/her life in an indoor environment including residence, 

workplace, bar/restaurant, and other indoor locations (Košir 2019). Moreover, as buildings are an 

inevitable element of daily life, they are also one of the main sources of greenhouse gas (GHG) 

emissions due to the large amount of energy they consume. For that reason, finding the most 

appropriate building services technologies/solutions to reduce energy consumption of buildings 

is essential both for present climate conditions and for any predicted climate changes in the 

future.  

Figure 1: Percentage of time that occupants spent in urbanized area (Košir 2019) 
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Currently, designers and engineers are moving toward more sustainable built environments 

taking into consideration human health, energy consumption, and climate change. Assuming two 

thirds of existing buildings will still be in use by 2050, the overall contribution of human 

activities caused by buildings, i.e. due to their materials, construction and operation, will remain 

around 39% of annual global CO2 emissions, see figure 2 below (Global Alliance for Buildings 

and Construction 2018). 

 

 

 

 

 

 

 

Figure 2: Annual CO2 emission by sector (Global Alliance for Buildings and Construction 2018) 

 

In the meantime, there is a lack of retrofitting and efficient renovation solutions for existing 

buildings whilst only 0.5%-1% of them get renovated annually and this is causing a significant 

increase in energy consumption and GHG emissions from these buildings (Architecture2030.org 

2019). Therefore, energy efficient techniques should be used not only for new buildings but also 

in retrofitting existing buildings to reduce the energy consumption and emissions caused by 

building stocks.  
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As we know, climate change is considered as one of the main concerns that are affecting our 

planet. This change is due to rising global temperatures caused by GHG emissions where the 

global warming has affected species and ecosystems negatively. Although international and 

governmental agencies have implemented mitigation plans, global warming is expected to 

continue rising. This change in climate conditions increases future environmental risks such as 

more frequency of severe weather events including heat waves, sea level rise, floods, and 

hurricanes. Therefore, it is important to find ways to adapt to this climate change, and building 

sectors should take future climate change predictions into consideration to limit the negative 

impact on building energy demand (Cox et al. 2015).  

Optimizing building energy demand will contribute to reducing CO2 emissions and increasing 

occupant comfort. Heating and cooling demand in buildings are the most critical energy uses that 

will be directly affected by global warming in the future. Nowadays, there is a worldwide 

interest in investigating how climate change will affect weather in the future. However, in many 

countries and regions forecasted future weather data sets are still unavailable (Cox et al. 2015). 

As we know, changes in climate are inevitable, for that reason the Intergovernmental Panel on 

Climate Change (IPCC) has explored predicted climate changes under four scenarios of GHG 

emissions and other climate drivers. Those scenarios are divided into one mitigation scenario, 

two stabilization scenarios, and one with high GHG emissions. The four scenarios revealed that 

global temperature will continue to rise but the percentage of temperature increase is highly 

dependent on GHG emissions. The Coupled Model Intercomparison Project Phase 5 (CMPI5) 

and other earth system models are usually used to predict future weather conditions and 

emissions up to year 2100 (IPCC: Summary for Policymakers 2013). 
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The main way of testing how the energy performance of new and existing buildings can be 

improved is by using simulation programs to evaluate how they would perform dynamically 

under various weather parameters. These weather parameters include dry bulb temperature, wet 

bulb temperature, relative humidity, solar irradiation, precipitation, and some of them might 

include wind speed and wind direction (Guan 2009). 

All building simulation programs utilize weather datasets which are derived from historic 

weather measurements and are therefore likely to become unrepresentative of future years. 

Designing and testing buildings and services design options based on future weather data can be 

used to evaluate the energy impacts of future climate changes and will play a major role in 

identifying design options to reduce energy demands and CO2 emissions (Farah et al. 2019). 

1.2- An overview of Dubai city 

One location where there is a lack of forecasted future dynamical downscaled weather datasets 

under climate changes is Dubai. Dubai city, the most popular city in UAE, is located at a latitude 

of 25.26o North and 55.31o East and its northern sub-region is covered with desert belt 

(Latlong.net 2020). The climate of Dubai city is hot arid, with an average temperature ranging 

from 19.5o in winter to 36.5o in summer. Though, often there are some cold days in winter from 

December to February and the winter sometimes extends into March. The rainfall of the city is 

low, around 100 millimeters/year, and the amount of solar radiation is high ranging from 8-11 

hours per day (Climatestotravel.com 2020).   

In the past few decades, Dubai has experienced rapid transformation of its built environment 

which requires more development analysis for the city. The profile of the city is facing four main 

challenges including high population growth, being an international trading center, its urban 
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expansion, and its economic growth (Haggag 2007). These challenges are readily seen in the 

center of the city around “Sheikh Zayed Road”, where we can note high-rise buildings, a metro 

station, and a highway with six driving lanes on each side of the road (Johnson 2020), see figure 

3 below.  

 

1.3- Energy demand in Dubai 

Dubai Electricity and Water Authority (DEWA) is implementing a demand side management 

(DSM) strategy which has 9 programs and is aiming to achieve 30% reduction of energy and 

water consumption by 2030 (Innogy.ae 2020). These DSM initiatives include retrofitting, energy 

efficient solution/ technologies, conservation measurement, and lighting replacement (Dubai 

Electricity & Water Authority (DEWA) | Annual Statistics 2018). Although energy conservation 

 

Figure 3: The center of Dubai city, “Sheikh Zayed Road” (Johnson 2020). 
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plans are created and implemented in Dubai, the demand of energy is still increasing and this is 

due to the high population growth of the country. According to DEWA annual statistical report 

2018, and as shown in figure 4, the number of customers has increased by 48,156 (around 5.7%) 

from 2017 to 2018.  

 

Figure 4: Number and percentages of electricity consumers in Dubai (Dubai Electricity & Water 

Authority (DEWA) | Annual Statistics 2018). 



8 
 

Moreover, the report shows that the annual system energy requirement increased by 798GWh 

from 2017 to reach 45,960 GWh in 2018 with the buildings sector consuming around 85.28% of 

the annual electricity in 2018 which is the highest percentage compared to power and 

desalination stations, and industrial sector where they consumed 8.28% and 6.44% respectively 

(Dubai Electricity & Water Authority (DEWA) | Annual Statistics 2018). Therefore, applying 

energy saving technologies and retrofit solutions for buildings is important to achieve the 

sustainable goals of Dubai city and to reduce GHG emissions caused by buildings. 

1.4- Research problem statement: 

All dynamic building simulation tools are based on present weather conditions. Thus, as climate 

is changing, those buildings will deteriorate and the cooling/heating demand will increase. Our 

problem in UAE and Gulf region is that most of the buildings are designed and simulated based 

on present weather data and it doesn’t take into account the future climate change, which in fact 

will lead to significant increase in annual energy consumption in building sector and will reduce 

the resilience of buildings to weather change in future. The solution of this problem is to use 

future weather datasets in building simulation tools to examine solutions and techniques that will 

improve buildings performance and resilience to reduce energy bills and minimize any increase 

due to changes in future weather conditions. Solutions and techniques will include improving 

insulation properties, glazing characteristics, and enhancing building services systems for new 

and existing buildings. 

1.5- Aims and objectives: 

- This research aims to find the optimal energy saving solutions for high-rise buildings in 

the UAE that address the local predicted future climate changes using dynamic thermal 
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modelling tools. Forecasted annual hourly weather data files with different periods 

throughout the 21st century and emission scenarios will be used to investigate how well 

energy efficiency solutions improve the energy related resilience of a typical UAE high-

rise building to climate change. The study aims to produce findings that support 

engineers, designers, and facility managers to design and retrofit high-rise buildings 

according to the present and future weather conditions. The outputs will also provide 

electricity suppliers with indications of how building electricity demands in the UAE will 

likely change in the future. 

1.5.1- Objectives 

- Characterize the building cooling energy related features of projected future changes in 

the UAE climate through the 21st century accounting for industry accepted IPCC 

emission scenarios and data sources. 

- Evaluate the impact of projected climate change on building energy demands of a typical 

high-rise building in UAE. 

- Identify suitable energy efficiency solutions for reduction of annual cooling demand in a 

typical high-rise building. 

- Evaluate how the energy savings from energy efficiency solutions vary as the climate 

changes in the future using projected future weather data and dynamic thermal 

simulation. 
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1.6- Dissertation Organization 

The overall structure of the study takes the form of five chapters, including this introductory 

chapter, the content of each chapter is described below: 

- The first chapter of this dissertation is the introduction, this chapter explains the need of 

taking climate change into consideration regarding designing and retrofitting buildings in 

UAE. Moreover, it gives an overview of Dubai city and its annual energy consumption. 

To demonstrate the research necessity, research problem statement, aims and objectives 

are included in this chapter. 

- The next chapter is the literature review, this chapter provides previous studies on 

relevant topics to the research such as climate change, future energy consumption by 

buildings taking into consideration global warming, and energy efficient technologies and 

their effect on present and future energy consumption.   

- The third chapter is concerned with the methodology used for this study. It includes the 

base case model specifications and how it complies with Dubai city regulations and 

standards. Then, it provides a description and analyses of the selected present and future 

weather files, the methods used to make them, the models used to derive them, and which 

period and emission scenario they represent. The last part of this chapter includes the 

selected energy efficient solutions/technologies and their specifications.  

- The fourth chapter is results and simulation, this chapter include the results of HVAC 

auto-sizing of the base case model and the amount of cooling and total energy required to 

operate the building. Furthermore, it explains how applying the selected 

solutions/technologies will reduce the energy in present and future periods, and it gives 
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an insight about the percentage increase of energy consumption by high-rise buildings in 

UAE in stabilization and high emission scenarios. 

- The last chapter is the conclusion and recommendation for future studies, also it include 

the research limitation and some suggestions to further research in future.  

To resist the climate change challenges and its effect on high-rise buildings energy 

consumption in a country with hot arid climate like UAE was the main goal in this research. 

To achieve this, different solutions/technologies were applied to the base case model 

including different insulation layers, glazing with different characteristics, and adding heat 

recovery units to the HVAC system. Subsequently, several simulations with the selected 

weather files were conducted to study how applying those technologies would affect the 

present and future energy consumption and to test how they would improve the building 

resilience toward climate change.  
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2.1- Climate Change and Predicted Future Weather Datasets 

Implications of climate change on the building sector and the expected rise in future extreme 

weather events due to global warming are driving designers and engineers to consider ways of 

improving building energy performance more often in their designs and use of retrofit solutions. 

The external envelope of a building is highly affected by climate change, it is expected that an 

increase of temperatures will lead to increased cooling loads whilst decreasing heating loads. 

This expectation that global warming will highly affect the energy demands of buildings is of 

particular concern in countries that requires high levels of cooling throughout the year.  

One of the main natural processes that is driving climate change is the greenhouse effect. 

Greenhouse effect is caused by the greenhouse gasses (GHG) where they accumulate in the 

atmosphere and trap the sun light. This process is responsible to increase the earth temperature 

by 33oC more than it could be to allow the life to exist on earth. However, due to the increase of 

GHG emissions that is caused by agriculture and industrial revolutions and fossil fuel burning, 

more GHG are released into the atmosphere. As a result, additional heat is trapped in the 

atmosphere causing the temperatures in earth to increase (Greenhouse effect n.d.). Figure 5 

below illustrated the greenhouse gas effect in 6 steps. Steps 1 to 4 are the natural greenhouse 

effect that gives earth the needed warm to sustain life on it, while steps 5 and 6 describes how the 

release of GHG from human activities is trapping extra heat in earth causing an enhanced 

greenhouse effect.  

 

 

 



14 
 

Figure 5:  Description of natural and enhanced greenhouse effect process (Greenhouse effect 

n.d.). 

The hot arid climate of the United Arab Emirates (UAE) indicates that buildings in the UAE are 

expected to consume more energy for cooling in coming years. Therefore, creating future 

weather datasets that cover the lifetime of buildings and can be used in building simulation tools 

will enable designers and engineers to find the most appropriate building services and building 

envelope technologies that increase a buildings energy robustness and overall reduce energy 

consumption, with its associated GHG emissions into the future.  

Building simulation software such as the Integrated Environmental Solutions – Virtual 

Environment (IES VE) are widely used to evaluate the effect of climate on building performance 

and energy consumption. They use different weather parameters such as dry bulb temperature, 

wet bulb temperature, wind speed and its direction, cloud cover, solar radiation; altitude and 

azimuth etc. These parameters are provided on an hourly basis for a typical meteorological year 

(TMY) that is usually sourced from a meteorological office representative of the climate at the 

specific geographical location of a building project. 
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To evaluate how building energy performance can be expected to be affected by climate change, 

weather datasets for future years, covering all the weather parameters noted above (hourly & 

daily) for a specific location are needed. These datasets are not usually available as standard with 

most building simulation software but they can be generated using different methods and tools. 

Historical climate data can be converted to future weather data sets by downscaling the Global 

Climate Models or General Circulation Models (GCMs) either by the dynamical downscaling or 

statistical downscaling. Then, the generated files need to be converted into readable format by 

the simulation tool (Moazami et al. 2019). 

Awareness of future climate change is rising and there is much work by environmental agencies 

on investigating climate change risks by studying effects and developing mitigation plans. Many 

countries signed the Paris Agreement with the United Nations Framework Convention on 

Climate Change (UNFCCC) including the UAE. With the UAE being ranked 34th in the world 

for GHG emissions, it contributed to the global climate change mitigation effort on 22nd October 

2015 by planning to reduce per-capita emissions by 9% between 2010 to 2030, see Table (1) 

below (Climatecollege.unimelb.edu.au 2020). 

 

 

Table (1): UAE Rank for GHG emissions and planned future % reduction per capita 

(Climatecollege.unimelb.edu.au 2020) 

Country Rank or worldwide 

emission in year 

2011 

Percentage of per 

Capita Reduction 

(2010 – 2030) 

2010 emissions per 

capita 

(tCO2eq/cap) 

2030 emissions per 

capita 

(tCO2eq/cap) 

UAE 34 -9% 27.9 25.6 

http://climatecollege.unimelb.edu.au/ndc-indc-factsheets?order=field_fs_pc_emissions_tonnes&sort=asc
http://climatecollege.unimelb.edu.au/ndc-indc-factsheets?order=field_fs_pc_emissions_tonnes&sort=asc
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The Intergovernmental Panel on Climate Change (IPCC) created different emissions scenarios 

based on socio-economic characteristics to represent expected changes in global GHG emissions 

and in turn these have been used in climate models to predict how the climate will change in the 

future. It is mentioned in the latest IPCC’s fifth assessment report (AR5) that was created in 

2014 that GHG atmospheric concentrations in year 2011 for CO2, CH4, and N2O were measured 

to be 391 ppm, 1803 ppb, and 324 ppb respectively. These concentrations represent percentage 

increases from pre-industrial times of 40% for CO2, 150% for CH4, and 20% for N2O (IPCC: 

Summary for Policymakers 2013). As mentioned before, the increase of GHG’s in the 

atmosphere is enhancing the greenhouse effect and thereby climate changes. Therefore, reducing 

emissions of these GHG’s from operating buildings is a key area of climate change mitigation. 

One scientific measure of the effect human related GHG emissions on the climate is the 

anthropogenic radiative forcing (RF) effect. This measure represents the extent to which the 

concentration of a GHG has on earth energy fluxes. The AR5 report noted that the total 

anthropogenic RF change measured for year 2011 compared to year 1750 showed an increase by 

2.29 W.m-2 (see figure 6 below). As shown in figure 6, CO2 is the GHG which causes the largest 

RF (1.68 W.m-1 at a very high level of confidence) followed by CH4 with (0.97 W.m-1 at high 

confidence) which is affected by CO2 as well. This reveals that CO2 emission plays a major role 

in climate change. Positive RF accounts for temperature increase and it is the main cause of 

global warming while negative RF accounts for temperature decrease (IPCC: Summary for 

Policymakers 2013). 
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As mentioned before in section 1.1, the IPCC created a range of different emission scenarios. 

Those scenarios are called “Representative Concentration Pathways” (RCPs), see Table (2) 

below. 

 

 

Figure 6: Emitted compounds and their radiative forcing and level of confidence (IPCC: 

Summary for Policymakers 2013). 

 

*In the right side of the figure is the source level of confidence: VH - is very high level of confidence, H - is high level of 
confidence, M - is medium level of confidence, and L - is low level of confidence 
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RCP’s are used to generate future predicted climate conditions using Global Climate Models or 

General Circulation Models (GCMs). These models are based on a monthly temporal resolution 

and have a coarse geographical spatial grid of between 100~300 km2. Results from GCMs can be 

downscaled to an appropriate resolution to be used in building simulation software by using 

either a dynamical downscaling or statistical downscaling techniques. Then, hourly weather files 

can be generated and converted into a readable format to be used in a building simulation tool 

(Moazami et al. 2019). 

2.2- GCMs downscaling approaches 

GCMs can be downscaled using a dynamical approach to produce Regional Climate Models 

(RCMs) or by using statistical approach which downscale the GCM either by morphing or 

stochastic methods, see figure 10 below. RCMs are refined projections of GCMs with a higher 

Table (2): RCPs Total radiative forcing, type of scenarios, predicted changes in global mean 

temperature and CO2 concentration for year 2100 based on AR5 report of the IPCC (IPCC: 

Summary for Policymakers 2013). 

Representative 

Concentration 

Pathways 

(RCPs) 

Total radiative 

forcing in 

2100 (W.m-2) 

Type of scenario 

Increase of Global 

Mean Temperature 

(Celsius) 

CO2 

concentrations 

RCP 2.6 2.6 Mitigation scenario 0.3o   - 1.7o 421 ppm 

RCP 4.5 4.5 Stabilization scenario 1.1o - 2.6o 538 ppm 

RCP 6.0 6.0 Stabilization scenario 1.4o - 3.1o 670 ppm 

RCP 8.5 8.5 Very high GHG emissions 2.6o - 4.8o 936 ppm 
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resolution of topographic data (Moazami et al. 2019) taking into account more detailed 

information about each grid and can include future extreme weather conditions into account. 

2.2.1- Downscaling using dynamical approach 

A dataset was prepared by the Environmental Agency of Abu Dhabi (EAD) in collaboration with 

the National Center of Atmospheric Research (NCAR) to generate present and future dynamical 

downscaled weather data files. They used GCMs with 3-dimensional data sets and 6-hours’ time 

step. The future predicted files include future changes in average temperature, daily, annual, and 

average rainfall, wind speed, diurnal cycle, mean precipitation, wet day index (total number of 

days with rainfall > 1mm over 20 years period), specific humidity, heat wave duration index, 

wind change, and sea level pressure (Glavan 2015). 

RCMs were prepared using GCMs from the 4th and 5th reports of the IPCC (AR4 & AR5) 

indicating the climate changes of the UAE and Arabian Peninsula. The NCAR used the Weather 

Research and Forecasted Model (WRF) to dynamically downscale the GCM into 36 km grid 

resolution for the eastern hemisphere, 12 km grid resolution for the Arabian Peninsula and 4 km 

grid resolution for the UAE. Deriving the RCM from GCM requires large storage and 

computational power to do the spatial and temporal downscaling, and the quality of the results is 

dependent on the accuracy of the GCM used. This NCAR model included two different scenarios 

(RCP 4.5 & RCP 8.5) for the 3 mentioned grid spacing resolutions. For the UAE, 10-year bias-

corrected conditions were simulated using the NCAR Community Earth System Model Version 

4 (CCSM4) for the historical period (1990 to 2000) along with the future period (2065 to 2075). 

In the simulated future period, the project has listed 2o ~ 3o C increase of average temperature for 

UAE for the RCP 8.5 scenario, and it’s expected to have 50-100% increase of rainfall in Dubai, 

Sharjah and Abu Dhabi city. The daily mean precipitation is expected to increase from 0.38mm 
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in 1980 to 0.43mm in 2100. Humidity is expected to increase by 10% across the UAE and the 

change in humidity is greater in summer periods (Glavan 2015). 

2.2.2- Downscaling using statistical approach 

The alternative approach to generating RCMs to produce more location specific models of future 

climates is to apply statistical downscaling to climate results produced by GCMs. In this 

statistical based approach historical weather data is used to formulate the spatial downscaling 

then the temporal downscaling is done by using either morphing or stochastic methods that maps 

variations from historical data to predicted future weather data. Due to the complexity of 

dynamical downscaling, designers, engineers, and building simulation software users prefer to 

use the statistical approach. However, RCMs produced by dynamical downscaling can provide 

high resolution hourly weather data in any location worldwide. Therefore, the use of dynamical 

downscaling is expected to increase in the future (Moazami et al. 2019). 

Figure 7 below illustrates a comparison from a study done by Moazami et al. (2019), which 

compared between 111 articles that used future climate data in simulation tools to assess building 

performance. It was found that 34% of data included typical and extreme future climate 

conditions while 66% used only typical future climate conditions. The statistical downscaling 

recorded about 52% of the total articles, while dynamical downscaling, hybrid downscaling, and 

recorded data achieved 13%, 25%, and 10% respectively. Therefore, it is noted that statistical 

downscaling is the most popular approach that is used by building simulation tool users.  
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Figure 7: Percentages of the types and approaches of future climate data that used in simulation 

tools to asses building performance in 111 articles (Moazami et al. 2019). 

 

Morphing is a downscaling method that uses algorithms to transform hourly weather variables 

based on monthly conditions and differences of GCMs or RCMs for a specific location. Those 

logarithms are shifting, stretching, and the combination of shifting and stretching, methods and 

their function are described in table (3) below.  Selection of the appropriate algorithm method is 

dependent on the weather variable. For example, shifting is used to calculate the atmospheric 

pressure, while stretching is used to calculate wind speed, and the combination of shifting and 

stretching is used to calculate air temperature. WeatherShiftTM and CCWorldWeatherGen are 

two main tools that use morphing method to create future weather files for simulation tools.   

Table (3): Types and functions of morphing transformation algorithms (Moazami et al. 2019). 

Algorithm 

method 
Shifting Stretching 

Combination of 

shifting and stretching 

Equation x|m = x0 + xm x|m = m·x0 
x|m = x0 + xm +αm (x0 

x0,m) 

Description 
Shifting method is performed by 

adding the absolute monthly mean 

change (xm) with weather variables 

Stretching method is 

performed by 

multiplying and scaling 

Shifting and stretching 

are combined in one 
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hourly values (x0) for a specific 

month (m). 

(xm) is derived from RCMs and 

GCMs 

the weather variables 

hourly values (x0) with 

the absolute monthly 

mean change (xm) 

linear equation to find the 

weather variable. 

 

Downscaling by stochastic method creates future weather datasets by analyzing previous climate 

data (Moazami et al. 2019). Only few independent weather parameters are used as an input to 

derive the other parameters. Meteonorm is a software that uses this method to generate future 

weather files by interpolating weather variables to create weather datasets for any location in the 

world. The output datasets are available in many formats depending on the simulation tool used 

and they include many variables such as daily global radiation, daily temperature, solar radiation, 

average temperature, precipitation, and sunshine duration (Meteonorm 7 2019). Figures 8 and 9 

below illustrates the differences between future average temperatures in Dubai city between 

2020 and 2050 using the stochastic method. It is noted that minimum and maximum 

temperatures vary by 1o~2o C from 2020 to 2050.  Therefore, the city is expected to have cooler 

winters and hotter summers in future.  

Figure 8: Average temperature in 2020 in 

Dubai, UAE (Meteonorm 7 2019). 

Figure 9: Average temperature in 2050 in 

Dubai, UAE (Meteonorm 7 2019). 
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Figure 10: Flowchart of the methods used to generate predicted future weather datasets for 

building simulation software (Moazami et al. 2019). 

 

Figure 10 above summarize how the predicted future weather datasets are generated and 

downscaled by different methods. It starts by selecting the internationally accepted emission 

scenario provided by IPCC, then the emission scenario is applied to the GCMs to get the climate 

projections. After that, a downscaling method is used to create required future weather dataset. 

2.3- Study cases on impact of climate change on building energy consumption 

A study by Zhai and Helman (2019) analyzed the impact of climate change on the campus of 

University of Michigan in the United States. This site was selected because it has several types 

of buildings, which make it easier to find energy consumption for large scale area rather than 
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selecting the whole city. As energy use intensity varies depending on the building type, they 

divided the university campus buiding stock into 5 building types based on size and use. The 

proposed design included labs, clinics, residential, services, and campus buildings. Five typical 

models were created using energy plus software to evalute the change in annual energy 

consumption, heating and cooling energy, and peak hour energy demand in the future. Four 

climate models were selected based on their emissions which were classified as low, low-mid, 

mid-high, and high emissions. They were used to prepare 12 weather data files that represent 3 

future periods with average hourly time step. The first, second, and third periods are created by 

averaging the years 2010-2039, 2040-2069, and 2070-2099 respectively. Then, those weather 

files were implemented to the 5 typical building models. The power plant that is feeding the 

campus produces around 150,000 MWh/year (Zhai & Helman 2019).  

Figure 11 below illustrates the annual added cooling load for the 3 periods. The average of the 4 

models recorded an annual increase of 11,800 MWh for period 1, 20,775 MWh for period 2, and 

31,939 MWh for period 3. This make an increase of 8%, 14%, and 21% from the total annual 

production of the current power plant. Moreover, the high emissions model resulted in an 

increase of 68,800 MWh in period 3 which is an increase of around 46% of the total annual 

production of the current power plant (Zhai & Helman 2019).  
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Figure 11: Amount of annual required cooling energy needed for campus for the 

3 future periods based on 4 emission scenarios (Zhai & Helman 2019). 

 

Figure 12: Percentage increase in total energy consumption of the campus (Zhai & 

Helman 2019). 
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As shown in figure 12 above, the total energy consumption is increasing in the 3 time periods 

and for the 4 models. The study has revealed that the energy consumption is predicted to change 

widely. Low model which represents 2.6 RCP scenario has recorded less than 1% increase of 

energy consumption in the 3 periods. On the other hand, the high model had the highest 

percentages among the four through periods 1 to 3 with 2%, 5%, and 9%, respectively (Zhai & 

Helman 2019).  

Furthermore, the study showed that 27% increase in peak hours energy demand is expected in 

future. This creates an alarm to the campus utility providers to increase the production to achieve 

the expected future energy demands (Zhai & Helman 2019).   

Another study by Moazami et al. (2019) compared different types of future predicted weather 

files based on their downscaling method and checked its effect on building energy consumption. 

The aim of this study was to allow designers and engineers to test their building energy 

robustness against future climate change. Dynamical and statistical downscaling were included 

in the study. Moreover, future weather data that depends on historical weather conditions were 

compared with data that depends on extreme weather conditions. Three weather generating 

statistical tools that were used in this study are Meteonorm tool, WeatherShift™ tool, and 

CCWorldWeatherGen tool. Moreover, one RCM weather data set dynamically downscaled from 

the Rossby Centre Regional Atmospheric Climate Model (RCA4) with hourly temporal 

resolution and 12.5 km2 spatial resolution was generated as well (Moazami et al. 2019). 

A total of 74 weather data files were created, two files represent typical metrological year, 9 files 

are statistically downscaled where 6 of them were generated by morphing method and the other 3 

were generated by stochastic method, and 63 files were dynamically downscaled where 21 of 

them represent typical weather conditions and the other 42 include extreme weather conditions. 
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Weather files were classified for three time periods, near-term, medium-term, and long-term as 

shown in table (4) (Moazami et al. 2019). 

Figure 13: Types of the 16 buildings used in the project (Moazami et al. 2019). 

Table (4): Years used by the generating tool for each adopted future term (Moazami et al. 2019). 
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City of Geneva, Switzerland was the location in this study and as shown in figure 13, the 

building stock was divided into 16 buildings based on type, size, U-value, and solar heat gain 

coefficient complying with ASHRAE 90.1 standard, each type was simulated using energy plus 

software. Also, a neighborhood was created by combining single buildings with ASHRAE 

standard referenced buildings and simulated as well. 

Their results show that all predicted future weather files are useful to find the effect on climate 

change on energy demand of buildings. However, the 16 buildings simulated and compared for 

summer months where heat waves are expected using extreme weather year (EWY) data and 

typical downscaled year (TDY) data found that peak load cooling using EWY, a year that 

considered extreme weather conditions, recorded higher percentages 2% - 28.5% more than the 

TDY, see table (5) below. Therefore, including extreme weather conditions in predicted future 

weather datasets is critical to reduce the risks on building designs and increase their resilience to 

future climate change (Moazami et al. 2019). 

Table (5): Amount of peak cooling load for each type of buildings used in the project and the 

neighborhood, the cooling peak load in summer is compared using multiple weather files of TDY and 

EWY and the percentage of change is represented (Moazami et al. 2019). 
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2.4- Technologies and solutions to reduce energy demand in buildings 

There are many technologies and solutions that can be implemented to new and existing 

buildings that reduce the energy consumption and GHG emissions significantly. To increase the 

resilience of UAE buildings and resist climate change in future retrofit initiatives and energy 

saving solutions should be applied to new and existing buildings. Nowadays, sustainable designs, 

retrofit solutions, and following building rating standards are highly recommended by 

government entities in UAE. Moreover, tenants and owners prefer to live in green buildings due 

to the reduction in electricity bills and the thermal comfort they provide. Therefore, reducing 

energy demand will improve building performance and increase user satisfaction and long-term 

financial return (Tobias & Vavaroutsos 2012). Due to expected global warming, finding 

innovative technologies and appropriate systems to reduce cooling demand in UAE buildings is 

critical. Several technologies with potential to reduce impacts of future climate changes such as 

double skin façades (DSF), increasing or optimizing the insulation layers of a building, 

improving the glazing properties of the building, and adding heat recovery equipment to HVAC 

systems.   

2.4.1- Increasing insulation layers and changing glazing properties 

Building envelope type and properties play a major role in defining the amount of required 

cooling loads particularly in a hot arid country like UAE with high temperatures and levels of 

solar radiation. It is noticeable that many high-rise buildings in UAE have a large portion of 

glazing that can reach up to 80% of its exterior envelope area (Tibi & Mokhtar 2014). Therefore, 

selecting appropriate glazing properties and insulation layers to the building envelope can reduce 

cooling loads and optimize energy consumption significantly. Glazing properties include 

window to wall ratio (WWR), solar heat gain coefficient (SHGC) or shading coefficient (SC), 
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light transmittance, and thermal transmittance (U-value). According to Al Sa’fat, Dubai green 

building regulation, the thermal transmittance (U-value) is defined as the rate of heat transfer in 

unit time through one m2 of a structure times temperature difference between each side of the 

structure, and it has a unit of W/m²K. Increasing the structure elements insulation will reduce the 

U-value and vice versa (Al Safat, Dubai Green Building Evaluation System 2016). The shading 

coefficient is defined as the amount of solar radiation that pass through a glazing compared with 

the amount of heat that pass through single clear glass (Al Safat, Dubai Green Building 

Evaluation System 2016). However, most window standards nowadays are using the SHGC 

rather that the shading coefficient. ASHRAE 90.1 defines SHGC as is “The ratio of the solar 

heat gain entering the space through the fenestration area to the incident solar radiation.” 

(ASHRAE Standard 90.1 2004 cited in Moazami et al. 2019, p.703). Therefore, trying to reduce 

the U-vale and SHGC will reduce the cooling loads of a building. 

2.4.2- Case studies  

A study was done by Tibi and Mokhtar (2014) on a typical high-rise residential building (30 m x 

30 m) with 50% WWR using IES software. The aim of the study is to compare the cooling 

energy loads and price between typical single glazing and double glazing with different 

properties in UAE. As shown in table (6) below, one type of single glazing windows (6mm pane) 

and 8 types of double glazing windows (two 6mm panes with 12 mm air gap), low-e Film, 

different SHGC’s, and U-values were applied to the building and simulated on IES software 

(Tibi & Mokhtar 2014).  
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Figure 14 illustrates the percentage of annual cooling loads reduction for each glass type. It is 

noted that the annual cooling loads can be reduced by 5.6% to 9.7% by improving the building 

glazing properties. Also, we can conclude that type I glazing with 1.10 U-value and 0.14 SHGC 

has the highest amount of reduction (9.7%) amongst other types. While c and d glazing types has 

almost the same percentage and performance, same applies to f and g. Applying the other types 

results in bigger differences in annual cooling loads reduction. The study has revealed that 

impact of reducing U-value is small compared to SHGC reduction and this is due to the high 

annual average solar radiation hours (around 9.7 hrs/day) in UAE (Tibi & Mokhtar 2014).  

 

 

 

 

 

 

Figure 14: annual cooling loads reduction percentage for simulated types of window glass (Tibi 

& Mokhtar 2014). 

Table (6): Type and thermal characteristics of the studies window glazing (Tibi and Mokhtar 2014) 
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Moreover, this study recommends using type g glazing with 1.3 U-value and 0.2 SHGC as it is 

the most appropriate solution for this type of building taking into consideration the window to 

wall ratio (WWR), orientation (north-south), life cycle cost (LCC), and climate conditions of 

UAE. Additionally, the energy saving properties of this type of glass are higher than the 

minimum requirements of UAE standards and regulations such as Estidama (Tibi & Mokhtar 

2014).  

Another study done by (Shanks 2018) discussed the effect of different retrofit solutions by 

simulating one floor of a commercial high-rise building in UAE to study the future climate 

change impact on energy consumption. The floor is air-conditioned and operates on 10 working 

hours, with typical heat gains, and has 38% WWR which is similar to many high-rise buildings 

in UAE. A base case model was created using IES software and simulated with EnergyPlus 

Weather (EPW) files for present and future years. This study indicates that the solar heat gain 

will be almost the same in future, while the external conduction gain and the infiltration gain will 

increase significantly. 

 As shown in figure 15, the conduction gain by external walls is increasing gradually throughout 

the years where it started at 3 MWh/yr in 2018 and reached about 6 MWh/yr in 2080. While the 

glazing conduction gain is increasing rapidly where it started at 4 MWh/yr in 2018 and reached 

slightly higher than 15 MWh/yr in 2080. 
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Figure 15: Conduction gains of the base case model for current and future years (Shanks, 2018). 

 

Consequently, some retrofit solutions were applied to the base case model and simulated to study 

their effect of future annual cooling demand for years (2020, 2050, and 2080) such as improving 

the glazing, improving external walls, and adding fixed external shading to the building.  

Improving the glazing of the base case building was done by retrofitting with double glazing 

krypton filled glass with low-e film coating, and by changing the U-value from 1.8 to 0.76 

W/m²K and g-Value from 28% to 27%. This solution has reduced the future annual cooling 

demand by 1.5% to 3.1%. The second option was improving the external walls by adding an EPS 

extra layer (125mm thickness) behind the external panel which improved the U-value from 0.35 

to 0.18 W/m²K. However, this solution reduced only 0.5% to 1% from the annual future cooling.  

The third option was adding external shadings to the large glazing areas of the building, it 

achieved a reduction between 3.9% and 5.5% which seemed to be the highest percentage 

amongst the three options (Shanks 2018). This study also suggests that addressing the internal 

gains of a building is critical in improving the resilience of buildings to climate change. Also, 
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further HVAC technologies that provides cooling the incoming fresh air should be provided and 

simulated to achieve higher annual cooling loads reduction in future.  

 

2.4.3- Double skin façade (DSF) 

Double skin facades (DSF) are systems that consist of an additional glazed external envelope 

(skin) placed up to 1.0m from the external skin of conditioned indoor spaces of a building which 

creates a cavity that can incorporate ventilation controllers and solar protection devices. They 

come in a wide range of configurations and are used as an insulation layers to reduce heating 

loads in cold weather and cooling loads in hot weather which reduces the building energy 

consumption and GHG emissions. Also, DSF have other advantages such as being an acoustical 

insulation, decreasing day light transmission, and enhancing natural ventilation in buildings. The 

airflow between the two outer layers is generally driven by the natural buoyancy force where hot 

air rises due to pressure differences. However, in some systems, the HVAC air stream passes 

through the DSF glazing cavity before exhausting to the outside. In some designs, solar fans can 

be added to DSF rather than connecting with HVAC (Straube & Straaten 2001). The in-between 

cavity of the DSF comes in different sizes, it can range from 20 cm to few meters (ArchDaily 

2020). 
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Figure 16: Schematic diagram of natural and hybrid double skin façade (Straube & Straaten 2001). 

Figure 16 above illustrates a generic description of DSF glazing, it is noted that the airflow 

direction is dependent on the type of the ventilation. The DSF can be installed in many ways, it 

can cover all building stories, a portion of a building height as per design needs, or a single story 

in a building (Straube & Straaten 2001).   

On the other hand, some additional effective techniques can be used to reduce buildings cooling 

loads such as adding a layer to opaque wall, using extra coatings on external walls to reflect solar 

radiation, and installing shading system to the building. DSF with transparent enclosure will not 

be effective to reduce cooling load due to its high solar gain absorption (Straube & Straaten 

2001).  

Generally, clear glass building facades will absorb high amount of sun light and this can save 

energy by using daylighting as an alternative to artificial lighting. Nevertheless, this will cause 

overheating and high levels of heat gains to a building (Straube and Straaten, 2001). 

Shading elements are also useful for cooling loads reduction, however; to be effective they 

should be accompanied with exterior shading. Reflective glazing with high solar heat gain 
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coefficient (SHGC) is not recommended, as it will increase glare and heat gain to adjoining 

buildings (Straube & Straaten 2001). Also, using reflective coatings with low (SHGC) (below 

20%) is better than using clear glazing because they will reduce the amount of sunlight 

transmittance especially in countries with high solar radiation like UAE.  

Natural ventilation that accompanies double skin façade creates a buffer space between the 

building and outside which help in providing thermal comfort. However, protected and operable 

openings should be added to prevent dust, noise, insects, and rain. DSF natural ventilation can be 

accompanied with mechanical ventilation depending on weather conditions and design 

requirements (Straube & Straaten 2001).  

 

DSF was discussed and simulated in many previous studies, and they concluded that adding DSF 

to a building can reduce up to 30% of its energy consumption. However, according to table (7) 

that is provided by Straube and Straaten (2001), other insulation technologies can achieve the 

same or even better results of DSF will less cost. For example, table (7) illustrates that the SHGC 

of the DSF would achieve 0.07 to 0.3, while a typical double glazing with reflective coatings can 

attain a better SHGC value from the proposed DSF (Straube & Straaten 2001).  In general, 

Table (7): Comparison between DSFs and other glass insulation technologies (Straube & Straaten 2001). 
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applying DSF to buildings will reduce energy significantly, but it has to be simulated and 

evaluated properly to achieve an economically feasible design.  

2.4.3.1- Buildings with DSF in Dubai 

Despite the significant advantages of the DSF, it is rarely used in UAE and other GCC countries 

and most probably the reason is the additional cost that associates its construction. Therefore, 

developers and clients should have a clear knowledge of its environmental and economical long-

term benefits (Haggag 2007). Specially with the expected future global warming, buildings tend 

to consume more energy for cooling on the long term, which will result in higher electricity bills, 

lower thermal comfort, and more GHG emissions.  

Haggag (2007) study has investigated the thermal performance of DSF that was implemented to 

a hotel building in Dubai, UAE. He started his research by interviewing designers and engineers 

to get information for his study. Then he simulated single skin façade and DSF for Renaissance 

hotel in Dubai. A DSF was applied by using a box-window system as shown in figure 17 below. 

It was constructed by adding an exterior single glazing panel attached with aluminum frames. 

The building has interior double-glazing windows with controllable blinds to reduce the solar 

gains and glare. The cavity has a gap of 40 cm between the two facades. Also, horizontal shading 

made of laminated sheets was added to the cavity to protect the rooms from fire and sound, and 

to reduce solar gains (Haggag 2007).  

This building was simulated and results have shown that the airflow between the inner and outer 

skin caused a temperature drop of the inner skin. Therefore, the heat gain was reduced in the 

internal spaces of the building which lead to lower cooling loads and energy consumption. 

Besides the cooling loads reduction, the study has proved that DSF has many benefits by 
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providing better ventilation, fire protection, and acoustical insulation specially for buildings that 

are located close to highways and airports (Haggag 2007).  

 

Figure 17: DSF of Renaissance hotel (Haggag 2007). 

 

Also, results have concluded that DSF has many advantages that can offset its construction cost 

but it depends on the building function, façade design, and site characteristics. So, it is 

recommended to follow these steps at the initial phases of the DSF design. First, it is important 

to define the type of ventilation, façade function, location, heating and cooling loads, solar 

radiation, and acoustical control of the building. Then, the most suitable type of DSF can be 

selected based on the previous building characteristics. And the last step is to optimize the 

HVAC design based on the DSF and building design (Haggag 2007).  

Another study was done by Radhi, Sharples, and Fikiry (2013) which evaluates the effect of DSF 

or what is called climate interactive façade system (CRFS) system on fully glazed building in 
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UAE. The new building of the Architecture Department of UAE University that is located in Al-

Ain city was selected for this study. The study included both building energy simulation (BES) 

to calculate the cooling loads, heat gain, and amount of cooling energy reduction and 

computational fluid dynamic (CFD) simulation to evaluate the performance of system cavity 

with indoor and outdoor environment.  

Figure 18 below illustrates a section of the building (east oriented), it is noted that the building 

consist of three floors and each floor has 3 studios (13 m x 13 m), one double glazing window 

with height of 2.9 m, width of 12 m and 1.1 m window sill for each floor. The exterior layer 

consists of single glazing DSF system with three opening (60 cm each) at zero level of each floor 

that act as an air inlet and one opening at the top of the building that acts as an air outlet. DFS 

dimensions are (10 mm) screen thickness with (12 m) height and (65 m) length and it has 

aluminum grills that splits the system cavity into three parts (Radhi, Sharples & Fikiry 2013).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Cross section of the selected building part for the study (Radhi, Sharples & Fikiry 

2013). 
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The study has concluded that DSF on fully glazed multi-story building can reduce around 17%-

20% of building cooling loads depending on orientation, irradiance, and angle of incidence, 

whereas a higher angle of incidence (around 90o) allows the system to perform better. Also, 

percentage of cooling energy reduction is different throughout the building and this is based on 

floor level, glazing properties, and cavity depth. Applying this system to the south side gives a 

slight difference in heat transfer rates although this side has the highest amount of solar radiation. 

Therefore, it is recommended to apply this system on east and west sides as they have less solar 

gain. Higher floors tend to have higher heat transfer coefficients because air gets warmer as it 

rises. Optimization of system openings is required to avoid green-house effect in the system 

cavity and it is recommended to have the gap size between (0.7 to 1.2 m) that would control the 

heat transmission and solar gain. Moreover, study has concluded that reducing the system screen 

optical properties (SHGC) will cause a significant reduction in cooling loads, however; having a 

low U-value with low SHGC will cause the area between cavity to overheat (Radhi, Sharples and 

Fikiry 2013). 

Another study done by Johny and Shanks (2018) on a high-rise building in UAE has tested three 

different materials, transparent glass, opaque concrete, and impregnated concrete on the outer 

skin of the DSF. Besides, they evaluated how applying perforations in the outer skin of on the 

selected materials will affect the building cooling demand. The study has revealed that increasing 

the thermal mass of the outer skin will increase the energy reduction. Also, it found out that 

cooling energy savings by applying DSF with perforations for this type of buildings in UAE 

would reach 8%~23% by applying transparent glass, 15%~45% by applying opaque concrete, 

and 31%~50% by applying impregnated concrete (see figure 19 below).   
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Figure 19: Annual cooling savings % based on the three selected materials and perforation ratio 

(Johny & Shanks 2018). 

 

As shown in figure 19, annual cooling saving by applying perforation on DSF was different for 

each material. The glass material would achieve its highest saving percent (23.7%) with 18.8 

perforation ratio, while both concrete and PCM performed better with the lowest perforation 

ratio (1.9). This study has concluded that applying DSF has a positive impact in reducing the 

annual cooling energy of high-rise buildings in UAE. Also, it has reported that having 

perforations in the outer skin of DSF is significant but the perforation ratio should be selected 

based on the material type (Johny & Shanks 2018). 

2.4.4- Appling Heat recovery wheel (HRW) to HVAC system 

In countries with hot arid climate like UAE, air-conditioning system is required in all building 

types as it has a high external gain from the outside air temperature and solar radiation. 

Therefore, to reduce the annual energy consumption many energy recovery technologies and 
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devices can be installed to the HVAC system in buildings to reduce cooling loads and electricity 

bills. Heat recovery wheels are an example of those technologies. Those units are air to air 

rotating heat exchangers and considered as an energy efficient option. The two basic types of 

them are the sensible heat recovery wheel (transfers sensible energy) and enthalpy heat recovery 

wheel (transfers sensible and latent energy). This recovery unit is able to reduce the moisture 

content by 30%-50% and it doesn’t affect the indoor air quality of the building (Heat Recovery 

Wheel (HW) 2020).  

 

 

 

 

 

 

 

Figure 20: Typical heat recovery wheel (HWR) unit (Understanding Energy Recovery Wheels - 

Uponor Blog 2020) 

 

As shown in figure 20, heal recovery wheel unit is a rotating cylinder that contains parallel 

flutes, and its diameter usually comes between 0.5 to 5m (AL HUSSAINI & Khan 2017). The 

supply airstream passes through the wheel before the cooling and heating coils and the exhaust 

airstream passes through the wheel before leaving the system. This will allow the wheel to 
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absorb/adsorb the heat and moisture. Therefore, in summer when the system in on cooling mode, 

the wheel will pre-cool and dehumidify the incoming fresh air before reaching the cooling coil. 

While it will humidify and pre-heat the supplied air in winter (Energy Recovery Wheels 2020). 

A study was performed by AL HUSSAINI and Khan (2017) has compared the energy efficiency 

of an HVAC system with and without HRW, the study was implemented on auditorium with an 

area of 5630 m2 in Hyderabad, India. The Hourly analysis program (HAP) was used to calculate 

the cooling loads of the system without HRW. Then, the ECO-FRESH enthalpy wheel software 

was used to do the load calculation of the system with the HRW, the three inputs of the software 

are location, supply airflow in (cubic feet/minute) CFM, and return airflow in CFM (usually 80% 

of supply airflow). Moreover, some parameters were taken into consideration such as fan 

location, filtration requirements, and wheel speed control (AL HUSSAINI & Khan 2017).  

 

 

 

 

 

 

 As shown in table (8), the campus is served by 6 Air-handling units and the ton of refrigeration 

was reduced in all units, total reduction has reached 46% of energy by adding the HRW. 

Therefore, this study has concluded that using an enthalpy HRW can save energy significantly 

(AL HUSSAINI & Khan 2017). 

Table (8): Ton refrigeration of the system with and without HRW (AL 

HUSSAINI & Khan 2017). 
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Another article was done by SULLIVAN (2010) has mentioned that the enthalpy wheel is able to 

reduce up to 80% of HVAC system energy. Consequently, this have many benefits such as 

reducing the carbon footprint, saving energy and money. Therefore, HRW should be considered 

for new building designs and as a retrofit solution. Moreover, 80% load reduction of cooling coil 

can be provided by HRW and it can downsize the heating and cooling system up to 40% which 

make it worth an investment (SULLIVAN 2010). 
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Chapter 3: Methodology 
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The aim of this project is to determine the most suitable technologies for new and existing 

buildings that would reduce the annual cooling energy consumption and improve building 

resilience to climate change in future. There are several energy efficiency technologies that can 

be applied to buildings nowadays. However, would they provide the same amount of energy 

savings in future? This study will answer this question by finding the percentage change of 

energy reduction of applying each solution/technology over the future years. Also, it will 

discover the most efficient technology that would respond properly with the expected global 

warming in future. Some solutions might be able to reduce cooling energy demand in buildings 

significantly now, but this is dependent on the present weather conditions. Hence, this will 

probably increase/decrease throughout the years depending on which weather parameters will be 

affected the most in future. For example, if the air temperature is expected to increase 

significantly in future years but solar radiation will slightly increase, this means that the 

technologies which reduce heat gain from air (ex: HVAC heat recovery unit) would improve the 

building resilience more than the technologies that reduce solar gain. Consequently, proposing 

different energy efficient solutions and simulating them with future weather files will solve this 

issue and will reveal the most efficient solutions for the long-term. 

The first step was collecting future predicted weather files from different sources in a readable 

format by IES software. Then, a schematic high-rise building that represents a common UAE 

building type was modelled using IES software, and an HVAC system was assigned to it. This 

building, modelled to reflect the present building standards in Dubai, was used as the base case 

model for this study where a range of different energy efficiency technologies were applied to it 

and the resultant annual cooling demands analyzed. The energy efficiency technologies tested 

included increasing the insulation of opaque external walls; improving the performance of 
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glazing and increasing the performance of ventilation energy recovery. All solutions will be 

simulated with present and future weather datasets, more details about the selected technologies 

are explained in section 3.3 below. 

The collected future weather datasets were applied to the model and the building simulated to 

calculate the cooling and the total building energy demands of the whole building in the present 

period and the future periods of 2020, 2030, 2050, 2065, 2080, and 2090. Those future periods 

represent different time slices which will be explained later on in section 3.2.  

3.1- Base Case Model 

The base case model was created using Integrated Environmental Solutions – Virtual 

Environment (IES-VE) software, version 2019. This software is a dynamic thermal modeling 

tool that allows designers and engineers to build 3-D models and study buildings performance 

using active and passive solutions. In this research, IES software is used to create a 3-D model as 

a schematic building with an HVAC system. The base case model has a rectangular form of 30 m 

x 40 m layout and it consists of (G+24) floors, with 3 m floor-to-floor height, and it is north 

oriented. For simplicity, each floor consists of 4 indoor conditioned spaces with a core area in the 

middle and it has 60% WWR (double glazing with 6mm pane + 12mm air filled + 6mm pane) on 

all sides which represents a typical UAE commercial high-rise speculative office building (see 

figures 21 and 22 below). The thermal characteristics of the base case building fabric and 

systems were specified as per the requirements of the current Dubai green building standards (Al 

Safat, Dubai Green Building Evaluation System 2016), see Table (9) below for details.  

 

 



48 
 

 

 

 

Figure 21: Base case 3-D model (IES Virtual 

Environment 2019). 

Figure 22: Layout of a typical floor in the 

model (IES Virtual Environment 2019). 

Table (9): Base case construction and building fabric specifications 

Building specifications 

Total Area 30,000 m2  

Floor area 1200 m2 

Total number of floors G+24 

Thermal characteristics   

U-value (external windows) 1.6 W/m2 K 

WWR 60% 

Solar heat gain coefficient SHGC (external windows) 0.3955 

U-value (external walls) 0.3194 W/m2 K  

U-value (Roof) 0.1800 W/m2 K 

U-value (Ground/exposed floor) 0.2200 W/m2 K 

U-value (internal partition) 1.7888 W/m2 K 

U-value (internal ceiling/floor) 1.0866 W/m2 K 
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As shown in table (10), three internal heat gain sources were assigned to the building including 

people, fluorescent lighting, and computers. The external heat gain source is the solar radiation 

which was taken into consideration as well. Moreover, an infiltration rate of (0.25 ach) was 

added as an air exchange source of the building, which is considered as a good air tightness rate 

(Ueno & Lstiburek 2015).  

Table (10): Internal heat gain of base case model. 

 

 

 

Internal 

Gain 

 

Fluorescent lighting 

 

10 W/m2 

as per Al Safat, Dubai 

Green Building 

Evaluation System 

(2016) 

 

People 

Maximum sensible gain: 90 W/m 

Maximum latent gain: 60 W/m 

Occupant density: 10 m2/person 

(as per CIBSE guide A 

2015, p. 272) 

 

Computers 

 

15 W/m2 

(as per CIBSE guide A 

2015, p. 272) 

 

Initially, an HVAC system was selected and applied to the base case model, it consists of three 

full fresh-air handling units (FAHU’s) that supplies conditioned fresh air to the fan coil units 

(FCU’s), then the FCU supplies mixed conditioned air to each room. As shown in the floor 

layout, see figure 22 above, rooms 1 and 3 are typical in each floor with an area of 319 m2, also 

rooms 2 and 4 are typical with an area of 209 m2. The core area in the middle of the layout 

represent the building services location in each floor and it has a total area of 144 m2. Design 

thermal characteristics were selected as shown in table (11) and it complies with AlSa’fat 

evaluation system. 
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Table ( 11): Base case model thermal properties (Al Safat, Dubai Green Building 

Evaluation System 2016). 

Design thermal characteristics 

Design maximum outdoor temperature Dry bulb: 46o C Wet bulb: 29o C 

Dry bulb temperature lower limit: 22.5o C Upper limit: 25.5o C 

Relative Humidity Minimum: 30% Maximum: 60% 

CO2 concentration less than 800 ppm 

 

The second step was designing the model, selecting location and the thermal characteristics, 

adding internal gains, and infiltration rate. Then, an HVAC system was required to control the air 

temperature in the rooms. To do this, the building was divided into three zones, and each zone 

has one FAHU. The first zone includes floors from ground G to 7, the second zone includes 

floors from 8 to 15, and the third zone includes floors from 16 to 24 (see figure 21 above). Each 

room/space in the building has a separate FCU, all HVAC system components and sizing details 

are explained in depth in section 4.1. 

Thereafter, the HVAC system was auto-sized by using ASHRAE (heat balance method) in IES 

software. This method calculates surfaces temperature taking into account all heat gains by 

convection, conduction, and radiation for all conditioned surfaces and then it updates the HVAC 

system level sizing based on the calculated loads (Tosh 2017).  

According to ASHRAE fundamental (2017), the heat balance method is based on some core 

assumptions. Firstly, this method assumes that the air in the room is mixed well and have a 

uniform temperature. Also, the surfaces temperature and the irradiation short and long waves in 

the room are assumed to be uniform. Moreover, it assumes that the radiation of all surfaces is 

diffused and the heat conduction have one dimension inside the room.  
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Furthermore, the four processes that are used in the heat balance method are the outdoor-face 

heat balance, through-the-wall conduction, the indoor-face heat balance and the air heat balance 

(ASHRAE fundamental 2017). Figure 23 below illustrates the schematic procedure of the 

method on a single opaque surface and describes the connection between the processes. To apply 

the heat balance method, the upper grey part in the figure below is calculated for each surface in 

the zone, then the infiltration rate and the convection heat gain from internal sources are also 

considered to calculate the air heat balance for the HVAC air system.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Schematic description of heat balance method on an opaque surface (ASHRAE 

fundamental 2017). 
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As per ASHRAE fundamental (2017) standard, the outdoor-air heat balance process can be 

calculated using the below equation: 

q”asol + q”LWR + q”conv – q”ko = 0  

 

Where: 

 

q”asol = absorbed direct and diffuse solar radiation flux (q/A), W/m2 

q”LWR = net long-wave radiation flux exchange with air and surroundings, W/m2 

q”conv = convective exchange flux with outdoor air, W/m2 

q”ko = conductive flux (q/A) into wall, W/m2 

And the second process which is through-the-wall 

conduction is illustrated in figure 24. Where it shows 

the heat conductive fluxes from outside to inside and 

the temperature of outdoor and indoor surfaces (Tso 

and Tsi). In this process, the two shown temperatures 

are used as an input to the create the conductive flux 

into the wall (qko) and the conductive flux through the 

wall (qki) as an output.  

Besides, the third process is the indoor-face heat balance and it can be computed by using the 

below equation: 

q”LWX + q”SW + q”LWS + q”ki + q”sol + q”conv = 0  

 

Where: 

 

q”LWX = net long-wave radiant flux exchange between zone surfaces, W/m2 

q”SW = net short-wave radiation flux to surface from lights, W/m2 

q”LWS = long-wave radiation flux from equipment in zone, W/m2 

q”ki = conductive flux through wall, W/m2 

q”sol = transmitted solar radiative flux absorbed at surface, W/m2 

q”conv = convective heat flux to zone air, W/m2 

 
Figure 24: Schematic diagram of 

through-the-wall conduction process 

(ASHRAE fundamental 2017). 
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In addition to, the fourth process which is air heat balance can be calculated using the following 

equation:  

qconv + qCE + qIV + qsys = 0  

 

where 

 

qconv = convective heat transfer from surfaces, W 

qCE = convective parts of internal loads, W 

qIV = sensible load caused by infiltration and ventilation air, W 

qsys = heat transfer to/from HVAC system, W 

Moreover, the IES auto sizing uses weather data from the International weather for energy 

calculations (IWEC) weather files for Abu Dhabi and Dubai city imported from ASHRAE 

design weather database v6.0 (IES Virtual Environment 2019). The IWEC weather files are 

derived from Integrated Surface Hourly (ISH) weather datasets that is available at National 

Climatic Data Center (Climate Data Download Center 2013). The auto-sizing in IES-VE 

software is based on Abu Dhabi/Dubai IWEC present file only because auto-sizing for future 

years feature is not available in IES software. 

3.2- Future weather datasets 

Three statistical downscaling weather generating tools are used in this research to study the 

resilience of UAE buildings to future climate change and its impact on cooling energy demand. 

Those tools are CCWorldWeatherGen, WeatherShift™, and Meteonorm, they have been 

developed on different climate scenarios and also cover projections for different future years. 

Dynamical downscaled weather datasets for UAE were requested from the Environment Agency 

in Abu Dhabi (EAD). However, due to the complexity of extracting those files and time 

restrictions, only statistical downscaled weather datasets were used in this study.  
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To keep the consistency and uniform comparisons between all simulations, all the selected files 

in this study will be used in EPW format. The weather parameters that are included in EPW files 

are dry bulb temperature, dew point temperature, relative humidity, atmospheric station pressure, 

direct normal radiation, horizontal infrared radiation, global horizontal radiation, direct normal 

radiation, global horizontal illuminance, direct normal illuminance, diffuse horizontal 

illuminance, zenith luminance, wind direction, wind speed, total sky cover, opaque sky cover, 

visibility, precipitable water, aerosol optical depth, snow depth, and precipitation depth 

(EnergyPlus Weather File (EPW) Data Dictionary 2011). 

Weather files are available for present and future years up to year 2100. The expected lifetime of 

UAE building around is 30 years due to the harsh weather conditions and the quality of 

construction materials that are used. However, retrofit solutions, good maintenance, and high-

quality materials can increase UAE buildings lifetime to 50 years (Abdullah 2001). Therefore, 

simulating the base case model with future years weather files up to 2070 is needed.  

The three statistical main data sources of future weather files are analyzed in the three sections 

below. Future files of CCWorldWeatherGen tool and WeatherShiftTM tool are compared with 

IWEC present file, while Meteonorm future files are compared with a present file that is 

provided by Meteonorm tool. In general, future weather files from the three tools predict an 

increase in daily dry-bulb temperature, while the daily RH% and global horizontal radiation 

values vary between the files. 

3.2.1- CCWorldWeatherGen tool 

Climate change world weather generating CCWorldWeatherGen. tool was created in 2013 

(Jentsch et al. 2013). A methodology was established to provide predicted future weather files 
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for different locations all around the world. It is a free online tool that is developed using 

Microsoft Excel, and it is used to create future weather files for building simulation programs in 

Energy Plus Weather (EPW) format and Typical Meteorological Year (TMY) format. This tool 

uses morphing approach to downscale weather data from the Hadley Centre Coupled Model 3 

(HadCM3) summary experiment which is available in IPCC data distribution center (DDC) and 

is based on IPCC Third Assessment Report A2 emission scenario (Jentsch, et al. 2013; Moazami, 

et al. 2019). HadCM3-A2 data was created by simulating monthly values of three different time 

slices for future years (2020, 2050, and 2080) with the baseline climate of typical metrological 

year 2 (TMY 2) which is a 30 year average of meteorological records for the period 1961-1990 

and is the weather data that is used throughout the industry to represent the present climate. For 

this study, three weather files were generated for the following three future periods:  

 2011-2040 represented as 2020 (HadCM3-A2-2020) 

 2041-2070 represented as 2050 (HadCM3-A2-2050) 

 2071-2100 represented as 2080 (HadCM3-A2-2080) 

These files were generated for Abu Dhabi location, i.e. the closest available geographical 

location to Dubai in EPW format, to be used in IES software. For the Abu Dhabi location, coarse 

General Circulation Model (GCM) data was used. Also, generating EPW weather files from this 

tool is simple but it is available without HadCM3-A2 baseline weather data files, therefore; users 

should follow the tool guideline to download those baseline weather files and add them to the 

tool. 

Figure 25 below represents the average daily dry-bulb temperatures of the selected future 

weather files for Abu Dhabi city from CCWorldWeatherGen tool and the IWEC present weather 

file. According to the International weather for energy calculations, IWEC present weather files 



56 
 

are derived from 12 to 25 years previous weather records (ASHRAE International Weather Files 

for Energy Calculations 2.0 (IWEC2) 2019). The highest recorded temperature of the present file 

is 38.8oC and lowest recorded temperature is 15.7oC. 

Table (12) below illustrates the highest and lowest of average daily dry-bulb temperatures of 

EPW (HadCM3-A2) weather files, all highest temperatures were recorded in 29th of January and 

all lowest temperatures were recorded in 5th of August. 

Table (12): Highest and lowest average daily dry bulb temperature in Co of IWEC present 

file and CCWorldWeatherGen tool future files for periods 2020, 2050, and 2080 based on 

figure 25. 

EPW weather 

file 

HadC3-A2-2020 HadC3-A2-2050 HadC3-A2-2080 

Highest dry-bulb 

temperature 

40.2o C 41.9o C 43.7o C 

Lowest dry-bulb 

temperature 

16.8o C 18.2o C 19.8o C 

 

Moreover, the below figure shows that the predicted temperature rise between period 2020 and 

2050 is between 1oC~1.9oC, whereas the temperature rise between 2050 and 2080 weather files 

is between 1.2o~2.2oC. Those values are considered reasonable as they are based on high 

emission scenarios which will result in high temperature increase throughout the years.  
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Figure 25: Comparison between average daily dry-bulb temperature in Co of the three 

CCWorldWeatherGen tool future weather files and IWEC present file (Dataviewer n.d.). 
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Figure 26: Average daily relative humidity ratio (RH%) of the three CCWorldWeatherGen tool 

future weather files compared with IWEC present file (Dataviewer n.d.). 
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Figure 26 above illustrates the relative humidity ratio (RH%) of the three future HadC3-A2 

selected weather files. It is noticed in the first line graph which is comparing between the IWEC 

present file and HadC3-A2-2020 file that the RH% is the same in the months of August, 

Sempetmber, and May, while IWEC present values are higher than HadC3-A2-2020 values in 

the other months. The second line graph compares between the IWEC present and HadC3-A2-

2050 weather files, the RH% is the same in the months of July, August, and semptember, whilst 

the present file recorded higher values in the other months of the year. The third line graph 

compares between IWEC present and HadC3-A2-2080 weather files, months with the same 

RH% are July and September, in August RH% of HadC3-A2-2080 is higher than the present 

weather file and in the other months of the year the present weather file recorded higher values 

than HadC3-A2-2080. The lowest and highest RH% ratios are presented in table (13) below.  

 

Table (13): Highest and lowest RH% of IWEC present file and CCWorldWeatherGen 

tool future files for periods 2020, 2050, and 2080 based on figure 26. 

Weather file IWEC present HadC3-A2-2020 HadC3-A2-2050 HadC3-A2-2080 

Highest RH% 89.6 88 87 86 

Lowest RH% 24 23 23 22 

 

It can be seen from the three-line graphs in figure 27 below that the global horizontal radiation 

values of the three selected future weather files are decreasing from the IWEC present file values 

from May until October. Also, the three-line graphs show that the values are almost the same for 

all weather files from January to April. In the first line graph, HadC3-A2-2020 values are 

slightly decreasing in October, then it starts to increase a little in November and December. The 

second line graph shows that the global horizontal radiation values of IWEC present and HadC3-
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A2-2050 weather files are almost the same in November and December. In addition to, the third 

line graph shows that the global horizontal radiation values of HadC3-A2-2080 are slightly less 

than IWEC present weather file in October and November, and it is the same in December.  

Figure 27: Average daily global horizontal solar radiation in Wh/m2 of the three 

CCWorldWeatherGen tool future weather files compared with IWEC present file 

(Dataviewer n.d.). 
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Generally, the three-line graphs in figure 27 above indicate that the global horizontal solar 

radiation is slightly decreasing throughout the future years of HadC3-A2 weather files. The 

highest and lowest recorded values of global horizontal solar radiation are shown in table (14). 

 

3.2.2- WeatherShift™ tool 

This tool is developed by an architectural consulting firm called Arup and analytics consulting 

firm Argos and it uses statistical downscaling to create future weather datasets. It is based on two 

future emissions scenarios, i.e.  Representative Concentration Pathways (RCPs) RCP 4.5 and 

RCP 8.5 from the IPCC Fifth Assessment Report (AR5). The morphing method is used based on 

the results of 14 General Circulation Models (GCMs) available from AR5. This tool uses the 

typical metrological year 3 TMY3 climate as a baseline which represents 15-year averages of 

meteorological records from the period 1991 to 2005 along with the two mentioned future 

emission scenarios to create the three weather files for three time periods mentioned above. The 

first period is 2035 which represents the averages of weather parameters for years (2026 to 

2045), the second period is 2065 which refers to years (2056-2075), and the third period is 2090 

which refers to years (2081-2100) (Moazami, et al. 2019). The averages are derived from a linear 

interpolation of the cumulative distribution function (CDF) of weather parameter values 

Table (14): Highest and lowest global horizontal radiation in Wh/m2 of IWEC present 

file and CCWorldWeatherGen tool future files for periods 2020, 2050, and 2080 based 

on figure 27. 

Weather file IWEC present HadC3-A2-2020 HadC3-A2-2050 HadC3-A2-2080 

Highest  331 328 327 326 

Lowest  82 83 82 82 
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predicted by GCM’s of each time step in the related time period. For this study, EPW present 

and future weather files with hourly time-step for Abu Dhabi location (closest location to Dubai) 

was provided by Arup and Argos for academic use. 

Both CCWorldWeatherGen tool and WeatherShift™ tool use morphing method to create 

weather files. However, as mentioned before, each tool has different times slices and they are 

different in the way that they were developed, especially with the GCM projection evolution. 

Therefore, this research will use years 2020, 2060, and 2080 from CCWorldWeatherGen tool 

and years 2035, 2065, and 2090 from WeatherShift™ tool. The selected files from 

CCWorldWeatherGen tool are limited to HadCM3-A2 emission scenario with TMY2 morphing, 

whereas the selected WeatherShift™ tool files are derived from CDFs of 50th, 90th, and 95th 

percentiles by morphing TMY3 and using RCP 8.5 emission scenario.  

Weather files for RCP 4.5 and RCP 8.5 emissions scenarios for the present and future years with 

10th, 50th, 90th, and 95th percentiles were obtained. Each percentile represents different weather 

values based on the future expectation of warming; the four percentiles are described below in 

table (15):  

Table (15): WeatherShift™ tool percentiles description (Climatology - Paducah, KY - February 

Temperature Percentiles n.d.). 

Percentile Description 

10th percentile 

The chance of weather values to fall below the given values threshold is 10%. 

Which means that the temperature is expected to be warmer 90% of the time 

than the specified temperatures. (usually used for heating systems) 

50th percentile 

It is the median percentile, there is a 50% chance for the weather values to fall 

below or above the given values. (usually used for cooling and heating 

systems) 
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90th percentile 

The chance of weather values to fall above the given values threshold is 10%. 

Which means that the temperature is expected to be cooler 90% of the time 

than the specified temperatures. (usually used for cooling systems) 

95th percentile 

The chance of weather values to fall above the given values threshold is 5%. 

Which means that the temperature is expected to be cooler 95% of the time 

than the specified temperatures. (usually used for cooling systems) 

 

However, as recommended in IES weather files user guide, buildings with 25 years lifespan or 

less that have cooling systems (such as UAE buildings) are recommended to use RCP 8.5 as it 

will not highly differ from RCP 4.5 for this short period, also midpoint and upper tail global 

warming (50th and 90th percentiles) should be used in this case. While buildings with more than 

25 years lifespan are recommended to use both RCP 8.5 and RCP 4.5 (Guidelines for specifying 

WeatherShift™ future weather files Argos Analytics, LLC 2017). Although the buildings that 

require cooling systems are recommended to use RCP 8.5 at 50th and 90th percentiles which will 

provide the highest emission scenario at midpoint and upper tail global warming. But the latest 

version of WeatherShift™ tool has developed a higher upper tail percentile (the 95th percentile).  

Therefore, ten files from this tool for Abu Dhabi city will be used in this study representing 

IWEC present, and future years 2035, 2065, 2090 for RCP 8.5 at 50th, 90th, and 95th percentiles. 

The IWEC present file is obtained from WeatherShift™ tool but it can be freely downloaded 

from energy plus website.  

As shown in figures 28, 29, and 30 below, the average daily dry-bulb temperatures of the 

WeatherShift™ tool selected files are different, and they are significantly rising throughout the 

years. As mentioned before in section 3.2.1, the highest temperature recorded in IWEC present 

file is 38.8oC in 5th of August while the lowest temperature is 15.7oC in 29th of January.  



64 
 

The highest and lowest average daily dry-bulb temperatures of WeatherShift™ tool future 

selected weather files are represented in table (16) below.  All lowest temperatures are recorded 

in 29th of January and all highest temperatures are recorded in 5th of August. Furthermore, the 

table below shows that the highest and lowest temperatures of the 90th and 95th percentile for the 

periods 2035 and 2065 are close. However, figures 29 and 30 illustrate that the 95th percentile 

temperature values are higher than those from the 90th percentile in other months by (0.1o C ~ 

0.3o C) for period 2035, and by (0.1o C ~ 0.4o C) for period 2065.  Furthermore, the 50th 

percentile temperatures are significantly less than the 90th and 95th percentiles in all periods. 

Table (16): Highest and lowest average daily temperatures of the future WeatherShift™ 

files for periods 2035, 2065, and 2095 in 50th, 90th, and 95th percentiles based on figures 

28, 29, and 30. 

Percentile 

2035 2065 2090 

Highest 

temperature 

Lowest 

temperature 

Highest 

temperature 

Lowest 

temperature 

Highest 

temperature 

Lowest 

temperature 

50th 40.4o C 17.2o C 42.3o C 18.5o C 44.0o C 20.0o C 

90th 41.2o C 17.8o C 42.8o C 19.8o C 46.0o C 21.4o C 

95th 41.3o C 17.8o C 42.9o C 20.0o C 46.1o C 21.9o C 
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Figure 28: Comparison between the average daily dry-bulb temperature in Co between IWEC 

present weather file and WeatherShift™ tool future files with 50% percentile (Dataviewer n.d.). 
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Figure 29: Comparison between the average daily dry-bulb temperature in Co between IWEC 

present weather file and WeatherShift™ tool future files with 90% percentile (Dataviewer n.d.). 
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Figure 30: Comparison between the average daily dry-bulb temperature in Co between IWEC 

present weather file and WeatherShift™ tool future files with 95% percentile (Dataviewer n.d.). 

 

The next three figures below represent the RH% of WeatherShift™ tool future files compared 

with the IWEC present file. In figure 31, it is noticed that the RH% of the all 50% percentile 

future files are either the same or slightly less than the IWEC present file. 
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Figure 31: Comparison between the average daily RH% between IWEC present weather file and 

WeatherShift™ tool future files with 50% percentile (Dataviewer n.d.). 

 

As can be seen from figure 32 below, the IWEC present weather file and period 2035 with 90% 

percentile have the same RH% in the months of September, June, and April, while in other 

months of the year the RH% of period 2035 with 90% percentile is less than IWEC present file.  
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The second line graph shows that the RH% of period 2065 with 90% percentile is less than the 

IWEC present weather file in all months of the year except July, August, and October. The third 

line graph shows the RH% of period 2090 with 90% percentile is higher than IWEC present file 

in October, November, June, and July whilst in other months of the year it is either the same or 

lower than IWEC present weather file. 

Figure 32: Comparison between the average daily RH% between IWEC present weather file and 

WeatherShift™ tool future files with 90% percentile (Dataviewer n.d.). 
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Figure 33: Comparison between the average daily RH% between IWEC present weather file and 

WeatherShift™ tool future files with 95% percentile (Dataviewer n.d.). 

 

Figure 33 above shows that the RH% in for period 2035 with 95% percentile is either the same 

or slightly less than IWEC present weather file. In the second line graph, period 2065 with 95% 

percentile is higher than IWEC present weather files in July, September, October, and 
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November. While the third line graph shows that the RH% of period 2090 with 95% percentile is 

higher than IWEC present weather file in May, June, July, September, October, and December. 

 

The table above illustrates the highest and lowest RH% of the selected future WeatherShift™ 

files, all highest RH% values were recorded in 14th of January and all the lowest values were 

recorded in 12th of April.  By comparing the nine selected files, the highest RH% between them 

was noted in period 2035 with 50% percentile and the lowest RH% was noted in period 2090 

with 50% percentile.  

Moreover, the three figures below represent the global horizontal solar radiation of the selected 

future WeatherShift™ files in 50%, 90%, and 95% percentiles. In figure 34, the three-line charts 

represent the future years of 50% percentile, the values of period 2035 are similar to IWEC 

present file in April and November while they are less than present file in the other months. The 

second line chart that represent period 2065 shows that the values of present file are almost the 

same in April, February, October, and November and they are less in the other months. Also, the 

third line chart shows that period 2090 will have the same results of present file in April and 

December while it recorded lower values in the other months.  

Table (17): Highest and lowest average daily RH% of the future 

WeatherShift™ files for periods 2035, 2065, and 2095 in 50th, 90th, and 95th 

percentiles based on figures 31, 32, and 33. 

Percentile 

2035 2065 2090 

Highest 

RH% 

Lowest 

RH% 

Highest 

RH% 

Lowest 

RH% 

Highest 

RH% 

Lowest 

RH% 

50th 89.3 24 89.3 22.5 88.4 22 

90th 88.6 24 88.6 22.7 89.4 23 

95th 88.6 23 88.5 23 88.4 23.9 
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Figure 34: Comparison between the average daily global horizontal solar radiation in Wh/m2 of 

IWEC present weather file and WeatherShift™ tool future files with 50% percentile 

(Dataviewer n.d.). 

 

It can be seen from figure 35 below which compares between IWEC present file and 

WeatherShift™ tool future files with 90% percentile that the global horizontal solar radiation is 

decreasing throughout the years. In the first line graph, the values of present file and period 2035 



73 
 

file are almost the same in February and July, while in other months period 2035 values are less 

than IWEC present values. The next line chart that represent period 2065 shows that the values 

are similar to present file in February, May, and June but they are less in the other months. The 

last line chart in the figure represents period 2090 and shows that all values are less than the 

present file.  

Figure 35: Comparison between the average daily global horizontal solar radiation in Wh/m2 of 

IWEC present weather file and WeatherShift™ tool future files with 90% percentile 

(Dataviewer n.d.). 
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Figure 36: Comparison between the average daily global horizontal solar radiation in Wh/m2 of 

IWEC present weather file and WeatherShift™ tool future files with 95% percentile 

(Dataviewer n.d.). 
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It is noted from figure 36 above that period 2090 reported lower values that the two other periods 

in the 95% percentile. Period 2035 shows that all values are less than IWEC present file, while in 

periods 2065 and 2090 all values are less than present file except the month of January.  

 

It is apparent from table (18) above that the highest recorded value of global horizontal radiation 

between the nine WeatherShift™ future selected files is 330 Wh/m2 in period 2065 with 90% 

percentile, and the lowest value is 79 Wh/m2 recorded in period 2090 with 90% percentile.  

3.2.3- Meteonorm tool 

This tool generates future weather files by integrating spatial interpolation, a stochastic method 

(defined in section 2.2.2), and climate data base. It can provide weather files for present and 

future years in any location in the world. Also, it allows the users to select historical, present, or 

future years, weather parameters, and files format based on their requirements. Future weather 

files in this tool are based on IPCC fourth assessment report (AR4) for three emission scenarios 

(A1B, A2, and B1) (Moazami, et al. 2019). 

For this study, Meteonorm version 7.3 tool was used to provide weather files based on IPCC 

AR4-A1B emission scenario, which is equivalent to RCP 6.0 scenario (defined in table (2)), 

Table (18): Highest and lowest average daily global horizontal solar radiation in Wh/m2 

of the future WeatherShift™ files for periods 2035, 2065, and 2095 in 50th, 90th, and 95th 

percentiles based on figures 33, 34, and 35. 

Percentile 2035 2065 2090 

Highest 

global 

horizontal 

Lowest global 

horizontal 

Highest 

global 

horizontal 

Lowest global 

horizontal 

Highest 

global 

horizontal 

Lowest 

global 

horizontal 

50th 327 80 326 80 325 80 

90th 326 80 330 80 324 79 

95th 324 80 322 81 317 80 
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section 2.1) (GlobalChange.gov 2014). Each file represents average weather parameters for a 10-

years period, the first future period represents years 2020-2030 is referred as 2020 will be used 

along with two future periods of 2050-2060 referred as 2050, and 2080-2090 referred as 2080 for 

Dubai city. These files were generated from Meteonorm tool in EPW format in hourly time step.  

 

Figure 37: Comparison between the average daily dry-bulb temperature in Co between 

Meteonorm tool present and future predicted weather files (Dataviewer n.d.). 

 

Figure 37 above illustrates the average daily dry-bulb temperature of the present and the three 

future weather files provided by Meteonorm tool. The present weather file of Meteonorm tool is 

an average of previous years, as mentioned before in section 2.2.2, stochastic method uses two 



77 
 

independent weather parameters to derive other weather parameters. For the present file, the 

temperature was derived from period 2000-2009 and the radiation was derived from period 

1991-2010. It is noted from the figure that the temperature of period 2020 and present period are 

almost the same except a slightly increase in January and December. The highest temperature of 

period 2020 was recorded as 39.9o C in the 21st of July while the lowest temperature is 15.3o in 

12th of January. While in period 2050, the highest temperature is 41.3o C in 21st of July and the 

lowest temperature is 15.7o C in 12th of January. The third period is 2080 has its lowest 

temperature is 12.9o C in 22nd of February which is considered to be an extreme weather 

condition, the second lowest temperature is 17o C in 12th of January, and the highest temperature 

is 42.3o C in 21st of July. Generally, it is clear from the figure above that the dry-bulb 

temperature values are increasing in all future periods. 

As shown in figure 38 below, period 2020 RH% values are almost the same as present file values 

in the first line graph from January to July except some few days where period 2020 recorded 

slightly less, and the values fluctuates from August to December. The second and third line 

graphs show that the RH% values of periods 2050 and 2080 are fluctuating all the time. Also, it 

is noted that periods 2050 and 2080 RH% values are significantly higher than the present values 

which indicates that there is an expected increase in relative humidity in the future.  

 

Table (19): Highest and lowest average daily RH% of present and future Meteonorm 

tool weather files based on figure 38. 

Percentile Present 2020 2050 2080 

Highest global 

horizontal 
313 317 301 310 

Lowest global 

horizontal 
74 74 64 74 
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Figure 38: Comparison between the RH% between Meteonorm tool present and future predicted 

weather files (Dataviewer n.d.). 

 

Figure 39 below provides a comparison between the global horizontal solar radiation of 

Meteonorm tool present and future predicted weather files. It shows that period 2020 has 

recorded the same values of present file in January, February, March, July, and the first 21 days 

of April, while results flucuates on other days. Morover, periods 2050 and 2080 values fluctautes 
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in all months and didn’t record similar values with the present file unlike the WeatherShift™ and 

CCWorldWeatherGen tools future weather files.  

Figure 39: Comparison between the average daily global horizontal solar rasiation between 

Meteonorm tool present and future predicted weather files (Dataviewer n.d.). 
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The highest and lowest daily global horizontal solar radiation recorded values of the four weather 

files are represented in table (20). 

 

3.3- Energy saving solutions/technologies 

Several energy saving technologies can be applied to buildings to reduce their energy 

consumption and cooling loads. As mentioned before, this study will test three types of solutions 

to investigate their present and future impact on total system and cooling energy consumption. 

Each technology has multiple configuration options that are applied to the base case model to 

find the most appropriate solution. Then, a comparison between the three types of options will be 

provided, and some suggestions will be offered based on the simulation results.  

3.3.1- Increasing thermal insulation of the building 

The first option is to increase the thermal insulation of the base case model by the addition of 

insulation layers. Insulation layers are designed to reduce the heat transfer through the external 

walls between the indoor conditioned spaces and outdoor ambient air which is produced by the 

three heat transfer processes, radiation, convection and conduction. Each insulation material has 

different thermal properties such as thermal conductivity, thermal resistance, and U-value 

(Wilson 2019). Thermal conductivity is constant for each type of materials, the lower the thermal 

conductivity, the better insulation will be provided. Good insulation layers have low thermal 

Table (20): Highest and lowest average daily global horizontal solar radiation in 

Wh/m2 of the present and future Meteonorm tool files based on figure 39. 

Global horizontal radiation Present 2020 2050 2080 

Highest 313 317 301 310 

Lowest 74 74 64 74 
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conductivity and it is measured by W/m.K. Also, insulation layer thermal resistance is affected 

by material thickness and thermal conductivity, so it is different for each type of application and 

material. Moreover, application of insulation materials leading to lower U-values reduces heat 

transfer (Wilson 2019). 

The base case model U-values for external wall and roof were selected to comply with AlSa’fat 

evaluation system which requires a maximum of 0.3 W/m2K for roof and 0.42 W/m2K for 

external walls to achieve Golden and Platinum Sa’fa (Al Safat, Dubai Green Building Evaluation 

System 2016). 

In this study, two insulation materials will be applied to the base case model to improve the 

thermal performance of external walls. The first type is the mineral fiber, which is already 

applied to the base case model but with smaller thickness (75 mm), it will be replaced with 

higher thickness (150 mm) layer. The second option is a different insulation material (EPS), that 

will be applied with higher thickness (200 mm) and it will reduce external walls U-value 

significantly (see table (21) below). Also, simulation with the selected weather files will be 

applied to check how it will affect the present and future energy consumption. Those materials 

be added to the external wall of the base case model separately, thermal properties of the selected 

insulation materials are available in table (21), and construction materials of the external wall 

including options A1, and A2 are shown in appendix A in figures (A-1) and (A-2). 

Table (21): Insulation materials types and thermal properties. 

Material 

type 

Thicknes

s 

(mm) 

Thermal 

Conductivity 

W/ (m.K) 

Density 

Kg/m3 

Specific 

heat 

J/(kg.K) 

Resistance 

m2K/W 

External wall 

U-value 

W/m2K 

Life 

time 

(years) 

MINERAL 

fiber slab 
150 0.035 30 1000 0.357 0.1896 25 
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3.3.2- Applying different glazing types for the base case model 

Improving the glazing thermal properties of buildings in countries with long day time and high 

solar gains like UAE will reduce the cooling loads significantly. There are many types of glazing 

used in construction industry, those types differ by glazing layers, amount, coatings, and the air-

fill placed between glazing layers. Using glazing type with high thermal properties for new 

buildings and retrofitting old windows in existing buildings is popular nowadays because it tends 

to be an affordable energy efficient solution (Donev et al. 2018).  

Selecting the appropriate window type is dependent on the country climate, building window to 

wall ratio (WWR), and building orientation. The least energy efficient type of windows is the 

single-glazed window, it has one layer of glazing and can be available with reflective coatings 

which will enhance its thermal properties. Thus, single-glazed windows are rarely used in new 

projects. Double-glazed windows are the most commonly used type because they have better 

thermal properties. As shown in figure 40, double-glazed window consists of two glazing layers 

with air gap in between, this air gap is usually filled with inert gas (Argon or Krypton) or air. 

This air gap is placed between glazing layers to improve thermal and sound insulation, which 

will result in less solar radiation and heat gain entering the space (Donev et al. 2018). Triple-

glazed windows are more efficient than double-glazed but they are rarely used due to their high 

cost. Figure 40 explains the layers structure of triple glazing as well, they consist of three glazing 

layers and two air gaps in between.  

Expanded 

Polystyrene 

insulation 

(EPS) 

200 0.025 20 1030 0.500 0.1113 25 
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Figure 40: Structure of double and triple glazing windows (Pros & Cons of Double-Glazing Vs 

Triple-Glazing Windows 2020). 

 

In this study, double and triple glazing windows with enhanced thermal properties will be 

applied to the base case model to check their impact on total system and cooling energy 

consumption. As shown in table (22), three types of windows are proposed in this study, each 

one of them has different thermal performance. Moreover, those types will be applied and 

simulated with the collected weather files that are mentioned in section (3.2) to find how each 

type will affect the present and future building energy consumption. This will give an insight for 

designers, and engineers about the most appropriate type of glazing that should be used for new 

and existing buildings in UAE. 

The base case model windows are double-glazed with low U-value and high SHGC, they will be 

replaced with the three selected options and simulated in IES software. Type (a) is double-glazed 

window with reflective coating, and a cavity filled with Krypton gas, it has higher U-value and 

lower SHGC than the base case. The second option is type (b), it is double-glazed window as 
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well but with higher reflective coating, Krypton filled, and its U-value and SHGC are lower than 

the base case. The last proposed option is triple-glazed window and it has the most enhanced 

thermal properties. Although it has three glazing layer and two air gaps, its thermal properties are 

slightly better than type (b). The three options construction specifications are available in the 

appendix A in figures (A-3), (A-4), and (A-5). 

Table (22): Four window types with different glazing layers, air fill, and thermal 

properties. 

Type 
Glazing 

type 
Material Thickness Gas 

U-

value 

(glass 

only) 

SHGC 

Emissivity Reflectance 

outside inside outside inside 

 

 

a 

 

Double 

glazing 

Outer 

pane 

 

10 mm 
-  

2.6351 0.1143 

0.837 0.837 0.19 0.19 

Cavity 

 
12 mm Krypton - - - - 

Inner 

pane 

 

6 mm  0.837 0.837 0.072 0.072 

 

 

b 

 

Double 

glazing 

Outer 

pane 

 

6 mm 
-  

 

0.9860 

 

 

0.1591 

 

0.837 0.042 0.289 0.414 

Cavity 

 
12 mm Krypton - - - - 

Inner 

pane 

 

6 mm  0.837 0.837 0.072 0.072 

 

 

c 

 

 

Triple 

glazing 

Outer 

pane 

 

6 mm 
-  

0.8100 

 

0.1248 

 

0.837 0.042 0.289 0.414 

Cavity 

 
12 mm Krypton - - - - 

Middle 

pane 

 

6 mm 
 0.837 0.837 0.072 0.072 

Cavity 

 
12 mm Krypton - - - - 

Inner 

pane 

 

6 mm  0.837 0.837 0.072 0.072 

 

3.3.3- Adding heat exchanger and enthalpy recovery wheel (HRW) to the HVAC system 

The last proposed solution is adding a heat exchanger/wheel to the HVAC system of the base 

case model. Three exchangers will be added to the three fresh air handling units (FAHUs) to 
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transfer the temperatures between exhaust air and incoming fresh air. This will reduce the 

temperature of the supplied fresh air which will result in cooling loads reduction. Energy 

recovery wheel and heat exchanger can be added to the HVAC system in IES software by 

applying air-to-air heat exchanger/enthalpy with temperature controller and selecting the 

required latent and sensible effectiveness. In this study, two options will be proposed, the first 

one is to add an energy recovery system with sensible heat exchange only and the second option 

is to apply a heat recovery wheel with both sensible and latent heat exchange.  

In an HVAC system, the sensible heat exchange will result in changing the dry-bulb temperature 

of the incoming and outgoing air-streams. Therefore, the humidity ratio of the air will not change 

unless the warm air goes below its dew point temperature. While the latent heat exchange will 

affect the wet-bulb temperature and will result in increasing/decreasing the humidity ratio of the 

air-stream (Engineering ToolBox 2003).  

In the first option, a cross flow air-to-air heat exchanger will be added to the HVAC system. As 

shown in figure 41, it consists of fixed plate heat exchanger that transfer the heat by allowing the 

supply and exhaust air to pass through the adjacent channels. The selected exchanger controls the 

sensible heat only and it is usually made of water-resistant material such as aluminum to prevent 

moisture exchange between air-streams. On the other hand, the second option will include an 

enthalpy heat recovery wheel. This rotating wheel is made of permeable material with large 

surface area to increase the heat exchange between air-streams and it rotates in 180o (see figure 

42 below) to maximize the sensible and latent heat exchange between the two air-streams (Rafati 

Nasr et al. 2014).  



86 
 

  

Figure 41: Cross flow air-to-air heat 

exchanger (ASHRAE 2008) 

Figure 42: Enthalpy heat recovery wheel 

(ASHRAE 2008) 

 

The performance of the selected options can be indicated by their effectiveness. The heat 

exchanger/wheel effectiveness is defined as the percentage of energy transferred by the recovery 

device to the supply and exhaust air-streams (Air Systems - Energy Series, Energy Recovery 

Wheels n.d.). According to ASHRAE standard 84 (1991), exchanger/wheel effectiveness can be 

calculated by the equation below: 

 

Moreover, the total energy transferred between supply and exhaust air is affected by exchanger 

effectiveness, volume of airflow, and the energy level variance between the two airflows.  

In the first option, the sensible effectiveness will be added to the system assuming that there is no 

moisture exchange between incoming and exhaust air. According to Al Safat evaluation system, 
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the minimum sensible load efficiency for energy recovery systems are 70%, 75%, 80% for 

bronze and silver, gold, and platinum standards respectively (Al Safat, Dubai Green Building 

Evaluation System 2016). Therefore, the first option will be applied by simulating air-to-air heat 

exchanger with three different sensible energy effectiveness percentages (70%, 75%, and 80%) 

to check the amount of cooling energy reduction they will provide for the base case model. Then, 

the three options will be simulated with present and future weather files, this will clarify how air-

to-air heat exchanger with different sensible efficiency will affect the cooling energy for UAE 

high-rise buildings with the predicted future climate change. 

The second option is to add air-to-air heat exchanger/enthalpy to the system to represent HRW 

with sensible and latent effectiveness. The sensible energy effectiveness percentages will be the 

same as option one. The latent energy effectiveness percentages will be assumed as (2%-3%) 

less that the sensible energy effectiveness percentages similar to the desiccant based and 

synthetic fiber heat recovery wheels (Energy Recovery – Applied to IAQ 2011). Consequently, 

three selections with different sensible and latent effectiveness percentages will be applied and 

simulated to the base case HVAC system, the first one will have 70% sensible effectiveness and 

68% latent effectiveness, the second will have 75% sensible effectiveness and 73% latent 

effectiveness, and the third will have 80% sensible effectiveness and 78% latent effectiveness. In 

addition, all proposed selections will be simulated with present and future weather files as well. 

3.4 Summary of energy efficiency technologies tested 

Table (23) below illustrates all proposed solutions/technologies options that will be tested in this 

study. Those options will be applied and simulated to the base case model separately to estimate 

the amount of total system and cooling energy reduction they will provide. Also, they will be 

tested with the proposed future weather files that are mentioned in section (3.2). 
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Table (23): Tested energy efficiency technology options. 

Option 

reference 

Option description Option details 

A Increasing thermal insulation of the external wall 

A1 Additional 150 mm of MINERAL fiber slab external 

wall insulation 

U-value = 0.1896 W/m2K 

A2 Additional 200 mm of EPS external wall insulation U-value = 0.1113 W/m2K 

B Different glazing types 

B1 10mm glass-12mm Krypton filled airgap- 6mm 

glass (28 mm) 

U-value = 2.6351W/m2K 

SHGC = 0.1143 

B2 6mm glass-12mm Krypton filled airgap- 6mm glass 

(24 mm) 

U-value = 0.9860 W/m2K 

SHGC = 0.1591 

B3 Triple, 6mm glass-12mm Krypton filled airgap- 

6mm glass- 12mm Krypton filled airgap- 6mm glass 

(42 mm) 

U-value = 0.8100 W/m2K 

SHGC = 0.1248 

C Energy/heat recovery unit 

C1 Cross-flow air-to-air heat recovery unit (sensible 

only) 

Sensible efficiency = 0.70 

Latent efficiency = 0.00 

C2 Cross-flow air-to-air heat recovery unit (sensible 

only) 

Sensible efficiency = 0.75 

Latent efficiency = 0.00 

C3 Cross-flow air-to-air heat recovery unit (sensible 

only) 

Sensible efficiency = 0.80 

Latent efficiency = 0.00 

C4 Enthalpy energy recovery wheel (sensible & latent) Sensible efficiency = 0.70 

Latent efficiency = 0.68 

C5 Enthalpy energy recovery wheel (sensible & latent) Sensible efficiency = 0.75 

Latent efficiency = 0.73 

C6 Enthalpy energy recovery wheel (sensible & latent) Sensible efficiency = 0.80 

Latent efficiency = 0.78 
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To begin with, a base case model was created using IES software, the building has (G+24) floors 

with 4 rooms and in each floor and a core area in the middle as mentioned in section 3.1. An 

insulation layer was added to the external walls, double glazing external windows were selected 

too, and building properties selections comply with AlSa’fat evaluation system. To control the 

temperature in the rooms, building was divided into three zones and three fresh air handling units 

(FAHU’s) were applied to those zones. Also, 125 fan coil units (FCU’s) supplying recirculated 

air were used, each one of them will supply one room/space in the building.  

To ensure an energy efficient HVAC system, reduce energy, and prevent over-sizing, IES auto-

sizing was applied to the HVAC system by using ASHRAE heat balance method, results are 

discussed in details in section 4.1. Then, the base case model was simulated to check the energy 

consumption and thermal performance control of the building during the occupied hours. This 

base case model was designed to represent a typical high-rise building in Dubai, UAE.  

The next stage was applying the selected energy efficient technologies/solutions to reduce the 

cooling energy consumption of the building. The proposed solutions are defined in table (23), 

chapter 3, and they include two different insulation layers, three external glazing types, and six 

HVAC system heat recovery units. Those solutions were selected based on previous 

researches/studies, then they were applied to the base case model resulting in 11 additional 

models. To study the resilience of high-rise buildings in UAE to climate change and its effect on 

energy demand, simulation was done to all solutions with the future selected weather files that 

are mentioned in section 3.2, and the results of total annual energy system and annual cooling 

system for the building were collected. Each option was added to the base case model and 

simulated separately, resulting in 192 total simulations.  
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Then, the percentage savings from the base case by adding each option separately in the same 

representative year will be calculated to investigate which solution would have more savings in 

future.  

To do this the percentage reduction in total system and cooling energy was calculated by using 

the following equation and values were presented in a table for each solution:  

 

Amount of energy saving by applying option X to basecase in representative year Y

Energy consumption of the basecase in representative year Y
 × 100 

Where,  

- Amount of energy saving by applying option X to base case in representative year Y = 

Energy consumption of the base case in representative year Y - Energy consumption of 

the base case with option X in representative year Y. 

- X is the selected option, and Y is the representative year (present or future). 

According to simulation results, the trend of percentage reduction does not necessarily show 

increasing in future for all selected option. For example, considering the application of option 

B3, the percentage reduction in annual system and cooling energy decreases by time. While in 

option C6, the percentage reduction will increase in future, which means that option C6 will 

make the building more “resilient” than option B3 toward climate change in future. 

Later on, the three most efficient solutions from external wall insulation layers, glazing, and heat 

recovery unit options where added to the base case and simulated with present and future files 

resulting in one additional model and 16 additional simulations (see section 4.7). This was done 

to measure the highest amount of energy saving in total system and cooling energy that could be 

achieved from using the three best solutions in present and future periods. Therefore, a total of 
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208 simulations were conducted in this study using IES-VE software, and all simulation results 

are represented and analyzed in this chapter. 

4.1- Base case model HVAC system auto-sizing and simulation 

4.1.1- HVAC system auto-sizing 

As mentioned earlier, IES software was used to auto-size the HVAC system (see section 3.1). 

Figure 43 represents a schematic diagram of the HVAC system that is applied to each zone of the 

building, and table (24) explains the system FAHU and FCU design components in details. 

Cooling coil capacity and design air flow for FCU’s were sized for each room depending on its 

heating and cooling loads which is described in table (25). HVAC system coefficient of 

performance (COP) is 3.125 which complies with AlSa’fat evaluation system as they have a 

minimum requirement of 1.9 COP (Al Safat, Dubai Green Building Evaluation System 2016). 

Figure 43: Schematic HVAC system for the base case model (IES Virtual Environment 2019). 
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Table (24): HVAC components details for Zone 1, Zone 2, and Zone 3 (IES Virtual 

Environment 2019). 

Item 

# 
description Details 

1 Air inlet - 

 

2 

 

(FAHU) supply fan 

Zone 1 and 2, design flowrate: 7680 l/s 

Zone 3, design flowrate: 8640 l/s 

3 (FAHU) Cooling coil 

Zone 1 and 2: Cooling capacity: 314 KW; oversizing 

factor: 1.15; contact factor: 0.94 

Zone 3: Cooling capacity: 354 KW; oversizing factor: 

1.15; contact factor: 0.94 

4 (FAHU) Heating coil 

Zone 1 and 2: heating capacity: 32.61 KW; 

oversizing factor: 1.25 

Zone 3: heating capacity: 32.61 KW; oversizing 

factor: 1.25 

5 
(FAHU) heating coil temperature 

controller 

Dry bulb temperature setpoint: 12.78o C 

(same for all zones) 

6 

(FAHU) Cooling coil independent 

controller with sensor- reset per zone 

demand 

(applied for each zone and room) 

Dry bulb temperature setpoint: 23o C; setback: 25oC 

(same for all zones/rooms) 

 

7 

Independent humidity controller with 

sensor 

(applied for each zone and room) 

Midband sensed relative humidity: 55% 

(same for all zones/rooms) 

8 
CO2 sensor with airflow controller* 

(applied for each zone and room) 

Midband sensed CO2 concentration: 600 ppm 

(same for all zones/rooms) 

9 

Cooling Coil independent 

temperature controller with sensor 

(applied for each room) 

On/off and proportional control with set point 22.5o 

C, setback 25.5o C (same for all rooms) 

10 Conditioned rooms All rooms + core 
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Table (25): Fan coil unit design air-flow and cooling coil capacity for each room/space in the 

building, see layout in figure 20, chp.3 (IES Virtual Environment 2019). 

 
 
Zone 

 

 

Floor 

Room 1 Room 2 Room 3 Room 4 core 

Design airflow 

(l/s) 

 

 

Cooling 

coil 
capacity 

(kw) 

Design airflow 

(l/s) 

 

Cooling 

coil 

capacity 
(kw) 

 

Design airflow 

(l/s) 

Cooling 

coil 

capacity 
(kw) 

 

Design airflow 

(l/s) 

Cooling 

coil 

capacity 
(kw) 

Design airflow 

(l/s) 

Cooling 

capacity 

(kw) 

Off 
coil 

Off 
fan 

Off 
coil 

Off 
fan 

Off 
coil 

Off 
fan 

Off 
coil 

Off 
fan 

Off 
coil 

Off 
fan 

Z
o

n
e
 1

 

G 1977 1995 31.85 1043 1043 16.76 1909 1909 30.71 1368 1368 21.06 518 528 9.98 

1 1904 1931 30.62 998 998 16.08 1846 1846 29.79 1326 1326 20.08 489 490 9.6 

2 1900 1904 30.57 986 986 15.98 1843 1843 29.74 1324 1324 20.79 488 489 9.58 

3 1910 1910 30.65 986 986 15.98 1843 1843 29.74 1324 1324 20.79 488 489 9.58 

4 1900 1903 30.56 986 986 15.98 1843 1843 29.74 1324 1324 20.79 488 489 9.58 

5 1900 1903 30.57 986 986 15.98 1843 1843 29.74 1324 1324 20.79 488 489 9.58 

6 1896 1903 30.64 986 986 15.98 1843 1843 29.74 1324 1324 20.79 488 489 9.58 

7 1896 1903 30.64 986 986 15.98 1843 1843 29.74 1324 1324 20.79 488 489 9.58 

Z
o

n
e
 2

 

8 1912 1912 30.67 983 983 15.87 1840 1840 29.71 1324 1324 20.80 488 489 9.58 

9 1912 1912 30.67 977 977 15.81 1840 1840 29.70 1324 1324 20.79 488 489 9.58 

10 1902 1930 30.59 966 976 15.83 1840 1840 29.70 1324 1324 20.79 488 489 9.58 

11 1902 1930 30.59 987 987 16.00 1840 1840 29.70 1324 1324 20.80 488 489 9.58 

12 1902 1930 30.59 987 987 16.00 1840 1840 29.70 1324 1324 20.78 488 489 9.58 

13 1902 1930 30.59 987 987 16.00 1840 1840 29.70 1324 1324 20.80 488 489 9.58 

14 1902 1930 30.59 987 987 16.00 1840 1840 29.70 1324 1324 20.80 488 489 9.58 

15 1902 1909 30.59 988 987 16.00 1840 1840 29.70 1324 1324 20.80 488 489 9.58 

Z
o

n
e
 

3
 

16 1899 1915 30.55 973 987 16.00 1833 1833 29.66 1324 1324 20.78 488 489 9.58 

17 1908 1908 30.62 981 981 15.85 1833 1833 29.66 1324 1324 20.78 500 501 9.72 

18 1899 1903 30.54 987 987 15.98 1832 1832 29.65 1324 1324 20.78 488 489 9.58 

11 (FCU) Cooling coil 
Design airflow and cooling capacity are mentioned in 

table (25) for each room 

12 (FCU) fan 
Design airflow is mentioned in table (25) for each 

room 

13 
Independent air flow controller with 

sensor 

On/off and proportional control with set point 22.5o 

C, setback 25.5o C and dead band: 1.11o C 

(temperature control is same for all rooms, airflow is 

dependent on FCU fan see table (25)) 

13 (FAHU) exhaust fan 
Zone 1 and 2, design flowrate: 7680 l/s 

Zone 3, design flowrate: 8640 l/s 

14 (FAHU) Air outlet 
Zone 1 and 2, exhaust flowrate: 7680 l/s 

Zone 3, exhaust flowrate: 8640 l/s 

* CO2 sensor with airflow controller is an independent controller with sensor, sensor measures the CO2 level in each 

room from FCU returned air, and it gives a signal to the controller to supply fresh air when it drops lower than 600 

ppm.  
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19 1895 1915 30.62 987 987 15.98 1832 1832 29.65 1324 1324 20.78 488 489 9.58 

20 1899 1903 30.54 972 982 16.00 1833 1833 29.66 1324 1324 20.78 488 489 9.58 

21 1899 1903 30.55 973 987 16.00 1833 1833 29.66 1324 1324 20.78 488 489 9.58 

22 1899 1925 30.55 987 987 15.99 1832 1832 29.66 1324 1324 20.78 488 489 9.58 

23 1899 1928 30.68 997 997 16.08 1816 1833 29.34 1326 1326 20.79 489 490 9.60 

24 1965 1981 31.68 1018 1035 16.67 1909 1909 30.33 1352 1357 20.89 518 533 9.99 

 

Table (25) above shows that the design air-flow and coil cooling capacity of the ground floor 

rooms is higher than the other rooms, this extra cooling load is due to the extra heat gain from 

the ground exposure. Also, the 24th floor would have an additional heat gain due to the roof solar 

exposure; however, this additional heat gain is considered to be small because of the high 

insulation level of the roof. As mentioned before, rooms 1 and 3 have the same area of 319m2 

and rooms 2 and 4 have the same area of 209m2, but table (25) shows that room 1 requires more 

cooling than room 3 and room 4 requires more cooling than room 2. This extra heat gain is from 

external solar radiation because the building HVAC system is operated in occupied hours from 8 

a.m. to 5 p.m. Which means there are a few hours after sunrise where solar gains don’t affect 

cooling demand whereas room 1 and 4 facing west are exposed to sun in more hours (i.e. 12 p.m. 

to 5 p.m.) afternoon and this is increasing their cooling demand (see figure 44 below).  
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4.1.2- Base case model simulation with present and future weather files 

After auto-sizing the HVAC system, base case model was simulated with the present weather file 

that is provided by WeatherShift™ tool. This file will be used to represent the present weather 

conditions and will be compared with CCWorldWeatherGen, WeatherShift™, and Meteonorm 

future files to ensure comparison consistency. 

Figure 44: 3-D Sun cast view of the base case model in January, April, and July at 12p.m and 

2p.m (IES Virtual Environment 2019). 
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Base case simulation with IWEC present file has resulted in 4983 MWh total system energy 

consumption by the building which is equivalent to 167.1 kwh/m2.yr and 4130 MWh cooling 

energy consumption which is equivalent to 137.7 kwh/m2.yr. This means that the building 

consumes around 83% of its energy for cooling. In this study, the total system energy represents 

the electric power consumed by building systems, small power systems, and lighting. While the 

total cooling energy represents the total amount of energy consumed by HVAC system to cool 

the spaces of the building (VistaPro Variables 2018).  

According to Estidama pearl rating system, a typical office building in Abu Dhabi city consumes 

around 333 kwh/m2.yr (The Pearl Rating System for Estidama Community Rating System 

(PCRS) Design & Construction 2010). On the other hand, the United Nations Environment 

Programme has reported that most of existing building in UAE consumes between 220-360 

kwh/m2.yr. While the retrofitted existing buildings annual energy consumption is between 160-

260 kwh/m2.yr, and the best practice energy efficient buildings consume around 110-160 

kwh/m2.yr (Clarke 2016). This means that the base case model energy consumption is considered 

acceptable but should be reduced to become a best practice energy efficient building. 

The next step is to identify the effect of climate change on energy consumption for the base case 

model in future. Therefore, base case model was simulated with all selected weather files that are 

mentioned in section 3.2. The results of the simulation are shown in figures 45 and 46 below.  
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Figure 45: Total system energy of the base case model simulated with present and future weather 

files. 

Figure 46: Total cooling energy of the base case model simulated with present and future 

weather files. 
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Based on the simulation outcomes, the following findings were concluded: 

- The highest future values were recorded as 239.8 kwh/m2.yr for total system energy and 

204.8 kwh/m2.yr for total cooling energy simulated with WeatherShiftTM files that 

represents RCP8.5 emission scenario in period 2090 with 95% percentile followed by 

235.4 kwh/m2.yr for total system energy and 200.8 kwh/m2.yr for total cooling energy in 

the same period with 90% percentile, see percentiles description in table (15). The third 

highest result was recorded in period 2080 as 214.2 kwh/m2.yr for total system energy 

and 181.2 kwh/m2.yr for total cooling energy simulated with CCWorldWeatherGen tool 

file that represents HadC3-A2 emission scenario.  

- The lowest future values were recorded from stabilization emission scenario (AR4-A1B) 

Meteonorm weather files with 172.9 kwh/m2.yr for total system energy and 143.5 

kwh/m2.yr for total cooling energy in period 2020. The second lowest values are recorded 

for Hadc3-A2 emission scenario in period 2020 with 181.3 kwh/m2.yr for total system 

energy and 151.3 kwh/m2.yr for total cooling energy. The third lowest values are 182.3 

kwh/m2.yr for total system energy and 152.4 kwh/m2.yr for total cooling energy recorded 

in RCP 8.5 emission scenario in period 2035 with 50% percentile.  

As can be seen from the figures above, simulation with future weather files in all emission 

scenarios has increased the energy consumption of the building significantly. As mentioned 

before, the amount of energy increase in percentage for the base case simulated with all future 

weather files are compared with the present weather conditions by using WeatherShiftTM IWEC 

present weather file. Percentage increase from the present consumption in total system energy is 

mentioned below in figure 47.  
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Figure 47: Percentage increase of the total system energy consumption of the base case in the 

future selected periods. 

The base case simulation with Meteonorm files has the lowest percentage among other files in all 

future years, this is because those files are based on stabilization emission scenario (AR4-A1B). 

The weather files from the other two tools are based on high emission scenarios, but the time 

slice of each period is different which is causing the difference in results (see section 3.2). 

4.2- Increasing the thermal insulation of external walls 

Results have shown that the energy consumption of the base case model is significantly 

increasing throughout the years in all emission scenarios. Therefore, energy efficient 
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reason, proposed solutions are selected to reduce building cooling loads which will reduce the 

building energy demand significantly.  

To find the best solution that can resist global warming, several options were suggested and each 

one of them was simulated. The first proposed solution to reduce the cooling load of the building 

is by increasing the thermal insulation of external walls which would decrease their U-value. 

Simulation was conducted to check the effectiveness of this solution on building energy 

consumption. As mentioned earlier in table (21), two insulation materials with different thickness 

were tested and the results are shown in sections 4.2.1 and 4.2.2 below. 

4.2.1- The effect of adding 150 mm of mineral fiber slab insulation for external wall.  

Increasing the external wall insulation will reduce the amount of heat transfer from/to the 

building. The first option (A1) is to add 150 mm of mineral fiber slab insulation material to the 

external wall of the base case model which would reduce the U-value from 0.3194 W/m2K to 

0.1896 W/m2K. Base case was simulated with option A1 and the results are shown below in 

figures 48 and 49. 

Results have shown that decreasing the U-value by around 40% have reduced the total system 

energy consumption by 0.16% and the total cooling energy by 0.19% with the present weather 

conditions which is considered low. However, to investigate how this solution would affect the 

building resilience in future, all future results that are mentioned in figures 48 and 49 were 

compared with base case results and percentage reduction in energy consumption from base case 

for present and future periods are shown in table (26). 
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Figure 48: Total system energy of the base case model with option A1 simulated with present 

and future weather files. 

Figure 49: Total cooling energy of the base case model with option A1 simulated with present 

and future weather files. 
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Table (26): Percentage reduction in total system energy and total cooling energy from the base 

case model for present and future periods by applying option (A1) 

HadCM3-A2: CCWorldWeatherGen tool 

Period HadCM3-A2-2020 
HadCM3-A2-

2050 
HadCM3-A2-2080 

Total system energy 0.18% 0.22% 0.25% 

Total cooling energy 0.20% 0.25% 0.26% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 0.19% 0.21% 0.20% 

Total cooling energy 0.21% 0.21% 0.24% 

RCP8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
0.16% 0.22% 0.25% 0.24% 0.21% 0.23% 0.28% 0.21% 0.25% 0.28% 

Total cooling 

energy 
0.19% 0.24% 0.26% 0.24% 0.21% 0.26% 0.28% 0.21% 0.26% 0.31% 

 

Table (26) illustrates that increasing the insulation level would slightly improve the building 

resilience in future. Although the percentage reduction is still low, but is increasing with time 

and this improvement is applicable for both total system and cooling energy for all emission 

scenarios.  Moreover, low percentage reduction in results can be related to the margin of error 

which make the results not confidently applicable to confirm if there is an energy benefit or not. 

However, results show that high emission scenarios are expecting more reduction and this is due 

to the global warming where higher air temperatures are expected, so lowering the thermal 

transmittance is needed. For example, the total cooling energy for RCP 8.5 emission scenario in 

period 2090 with 95% percentile would have 0.31% less energy than the base case. While in the 
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same period the cooling energy reduction from base case for 90% and 50% percentiles are 0.28% 

and 0.24% respectively. Therefore, the results of applying option A1 to the base case model 

conclude that this solution will improve building resilience and reduce the energy consumption 

in future inconsiderably. Figure 50 illustrates the percentage increase in total system energy from 

present consumption when applying option A1 to the base case. Which means that applying 

option A1 would consume 165.8 kwh/m2.yr in the present period and this is expected to increase 

by 44% in period 2090 with 95% percentile. 

Figure 50: Percentage increase from present consumption in the total system energy of the base 

case with option A1 in the future selected periods. 
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reduced by 65% and the model was simulated. Results of total system energy and total cooling 

energy of the base case model with option (A2) are represented in figures 51 and 52. 

Figure 51: Total system energy of the base case model with option A2 simulated with present 

and future weather files. 

Figure 52: Total cooling energy of the base case model with option A2 simulated with present 

and future weather files. 
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Simulation results show that increasing the insulation of external walls will slightly reduce the 

energy consumption in present weather conditions. Also, reduction in energy for both total 

system energy and total cooling energy compared with option A1 is minimal. Table (27) 

represents the percentage reduction of energy from the base case model for present and future 

periods. 

Table (27): Percentage reduction in total system energy and total cooling energy from the base 

case model for present and future periods by applying option (A2) 

HadCM3-A2: CCWorldWeatherGen tool 

Period HadCM3-A2-2020 HadCM3-A2-2050 HadCM3-A2-2050 

Total system energy 0.31% 0.34% 0.39% 

Total cooling energy 0.33% 0.37% 0.42% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 0.31% 0.32% 0.35% 

Total cooling energy 0.33% 0.34% 0.38% 

RCP8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
0.28% 

0.33% 0.39% 0.39% 0.34% 0.41% 0.45% 0.33% 0.40% 0.46% 

Total cooling 

energy 
0.29% 

0.37% 0.38% 0.41% 0.34% 0.42% 0.46% 0.36% 0.42% 0.49% 

 

Results in table (27) reveal that increasing the insulation of the base case model will slightly 

improve the building resilience in future. Percentage reduction of energy from the base case 

could reach 0.49% for cooling energy and 0.46% for system energy in period 2090 with 95% 

percentile. While the present reduction is only 0.29% for cooling energy and 0.28% for system 
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energy of the building. As mentioned in section 4.2.1, this low reduction in energy saving would 

fall under margin of error in modelling. Moreover, this model shows that the heat gain from 

external walls is very small compared with windows heat gain, see peak cooling load of rooms 1, 

2, 3, and 4 of the 12th floor in appendix B, table (B-1). 

Figure 53 below demonstrates that the percentage increase in total system energy from present 

consumption when applying option A2 to the base case.  For example, total system energy 

consumption of base case with option A2 would increase by 41% in period 2090 with 90% 

percentile from present consumption of base case with option A2. 

Figure 53: Percentage increase from present consumption in the total system energy of the base 

case with option A2 in the future selected periods. 
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understand which thermal property would affect the energy consumption and improve the 

building resilience toward climate change in future. 

4.3.1- Applying Krypton filled double glazing with lower SHGC and higher U-value  

In this option (B1), Krypton filled double glazing with 10mm glass-12mm Krypton filled airgap- 

6mm glass (28 mm) thickness was applied to the base case model. This option will reduce the 

SHGC from 0.3955 to 0.1143 and will increase the U-value from 1.6753 W/m2K to 

2.6351W/m2K. Simulating this option with present and future weather files will show if 

increasing thermal transmittance and reducing SHGC will affect future energy consumption as 

ambient air temperature is expected to increase whilst solar radiation remains relatively 

unchanged. The results obtained from simulation are shown in figures 54 and 55. Moreover, 

table (28) illustrates the percentage reduction of energy from the base case model by applying 

option B1 

Figure 54: Total system energy of the base case model with option B1 simulated with present 

and future weather files. 
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Figure 55: Total cooling energy of the base case model with option B1 simulated with present 

and future weather files. 
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Base case with option B1 

Figure 56: Percentage increase from present consumption in the total system energy of the base 

case with option B1 in the future selected periods. 
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Table (28) concludes that option B1 would reduce the energy consumption significantly by 

reducing the cooling loads of the building in the present weather conditions. Thus, this reduction 

depreciates throughout the years in all emission scenarios which will not increase the building 

resilience to climate change. Also, high emission scenarios would expect lower percentage 

reductions, this means that the higher the temperatures rise in the future the lower the savings 

that option B1 will provide due to its increased thermal transmittance counteracting reductions in 

solar heat gains provided by increased reflection/reduced SHGC. Therefore, reducing the SHGC 

and without minimizing the U-value, to the extent represented by option B1, will not improve the 

building resilience in the future. 

4.3.2- Applying Krypton filled double glazing with lower SHGC and lower U-value 

This option (B2) comprises of 6mm glass-12mm Krypton filled airgap- 6mm glass double-glazed 

window, its SHGC is 0.1591 and U-value is 0.9860 W/m2K (see type b in table (22)), and its 

total thickness is (24 mm). The reason of choosing this option is to test the effect of reducing 

both SHGC and U-value of the glazing in present and future weather conditions. Hence, it was 

applied to the base case model and simulated with all selected weather files. Results of 

simulation are represented in figures 57 and 58. 
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Figure 57: Total system energy of the base case model with option B2 simulated with present 

and future weather files. 

Figure 58: Total cooling energy of the base case model with option B2 simulated with present 

and future weather files. 
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As shown in figures 57 and 58, simulation with option B2 has recorded an energy consumption 

of 151 kwh/m2.yr for total system energy and 125 kwh/m2.yr for total cooling energy in present 

weather conditions. All results are increasing throughout the years in all emission scenarios. But 

the rise for the high emission scenarios are significantly higher than stabilization scenarios. For 

instance, a total energy system for simulation with (WS-RCP8.5) in period 2090 with 95% 

percentile weather file is 224.63 kwh/m2.yr which is 21% more than Meteonorm-2080 weather 

file. Percentages increase in total system energy results from present consumption throughout the 

selected periods and emission scenarios are shown in figure 59 below. 

Base case with options B2 

 

Figure 59: Percentage increase from present consumption in total system energy of the base case 

with option B2 in the future selected periods. 
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Additionally, the percentage reductions in energy from the base case for all selected future 

periods and emission scenarios are mentioned in table (29) below. 

Table (29): Percentage reduction in total system energy and total cooling energy from the base 

case model for present and future periods by applying option (B2). 

HadCM3-A2: CCWorldWeatherGen tool 

Period 
HadCM3-A2-

2020 
HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 8.6% 8.0% 7.5% 

Total cooling energy 8.8% 8.2% 7.6% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 8.7% 7.2% 7.0% 

Total cooling energy 9.2% 7.4% 7.1% 

RCP 8.5: (WS) WeatherShift™ tool 

Period 
Prese

nt 

50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system energy 8.5% 8.0% 7.5% 7.0% 7.7% 7.1% 6.3% 7.7% 6.9% 6.3% 

Total cooling energy 8.8% 8.2% 7.7% 7.1% 7.8% 7.2% 6.4% 7.8% 7.0% 6.4% 

 

The results in table (29) above show that this solution is able to reduce the total system energy by 

8.5% and the total cooling energy by 8.8% for present weather data which is higher than option 

B1. Also, it is noted that the percentage reduction of total system energy is increasing for period 

2020 with HadCM3-A2 and AR4-A1B emission scenarios, compared to the base case, but the 

total cooling energy percentage reduction for period 2020 with HadCM3-A2 remains the same as 

present. By comparing those percentages reduction with option B1 percentages reduction in table 

(28), it is noted that saving in both options will decrease in long term periods but option B2 will 

give the same saving or slightly higher due in period 2020 for HadCM3-A2 and AR4-A1B 
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emission scenarios due to the reduction of U-value. Furthermore, the smaller savings percentages 

under the WS 2035 weather years compared to those for the HadC3-A2 and Meteonorm 2020 

weather years reflect the higher ambient temperatures projected in the WS future weather data, 

see table (16). This is due to a combination of differing emissions scenarios and timeframes 

across the three sources of future weather conditions. As mentioned in section (3.2), period 2020 

are different for each tool where in HadCM3-A2 it is referred to 2011-2040, in Meteonorm tool 

files it is referred to 2020-2030, while period 2035 in (WS) tool is referred to 2026 to 2045 

which means that the warming is higher. Therefore, this solution will improve the resilience of 

this type of buildings for the next 10~30 years and will depreciate after this period to achieve the 

lowest percentage reduction of 6.3% for its total system energy and 6.4% for total cooling energy 

in period 2090.    

4.3.3- Applying Krypton filled triple glazing with lower SHGC and lower U-value 

The third glazing option applied to the base case is B3, which comprises of triple glazed 

windows with 6mm glass-12mm Krypton filled airgap- 6mm glass-12mm Krypton filled airgap-

6mm glass. The U-value of this option is 0.8100 W/m2K and the SHGC is 0.1248, it has a 

thickness of (42 mm) producing the simulation results shown in Figures 60 and 61 below.  

 

 

 

 



116 
 

 

Figure 60: Total system energy of the base case model with option B3 simulated with present 

and future weather files. 

Figure 61: Total cooling energy of the base case model with option B3 simulated with present 

and future weather files. 
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The results in figures 60 and 61 illustrate that option B3 has recorded lower values than option 

B2. Reduction in energy consumption between the two options ranges between 2.2~3.3 

kwh/m2.yr for total system energy and between 1.8~2.9 kwh/m2.yr for total cooling energy in 

present and future climate conditions. As mentioned before, the glazing area of the base case 

model is high. Figure 62 below provides an overview of the percentage increase in total system 

energy consumption compared with present result 149.7 kwh/m2.yr in the selected future periods. 

The lowest future value was recorded as 155.3 kwh/m2.yr for Meteonorm AR4-A1B which is 

more than the present value by 4%, and the highest future value was recorded as 221.3 

kwh/m2.yr for WS period 2090 with 95% percentile which is higher than the present value by 

48%. Moreover, percentage reduction from base case when applying option B3 is shown in table 

(30) below. 

Base case with options B3 

 

Figure 62: Percentage increase from present consumption in total system energy of the base case 

with option B3 in the future selected periods. 
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Table ( 30): Percentage reduction in total system energy and total cooling energy from the 

base case model for present and future periods by applying option (B3). 

HadCM3-A2: CCWorldWeatherGen tool 

Period 
HadCM3-A2-

2020 
HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 10.1% 9.5% 8.9% 

Total cooling energy 10.3% 9.7% 9.1% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 10.2% 8.5% 8.3% 

Total cooling energy 10.7% 8.8% 8.5% 

RCP8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
9.9% 9.5% 8.9% 8.4% 9.1% 8.5% 7.7% 9.0% 8.2% 7.7% 

Total cooling 

energy 
10.2% 9.7% 9.0% 8.5% 9.2% 8.6% 7.8% 9.1% 8.3% 7.8% 

 

Regarding the building resilience toward clime change in future, option B3 performed similar to 

option B2. Where some improvements are noticed in period 2020 simulated with AR4-A1B and 

HadCM3-A2 emission scenarios, but the percentages energy reduction from base case drops with 

time when simulating the building with future files that represents RCP8.5 emission scenario. 

Therefore, this option will save a little more energy in the coming 30 years then its efficiency 

will start to depreciate to reach its minimum of saving with 7.7% reduction in total system 

energy and 7.8% reduction in total cooling energy from the base case in period 2090 for 90th and 

95th percentiles. Options B3 recorded higher savings in period 2020 simulated with HadC3-A2 

and Meteonorm AR4-A1B which is quite similar to option B2 and this is due to lower U-value 

and the slight increase of SHGC.  
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The following observations were concluded by improving the glazing characteristics of the base 

case model in this study: 

- In present weather conditions, improving the glazing properties of high-rise buildings 

will reduce the energy consumption significantly, especially in countries with long day 

hours and high ambient air temperature like UAE.  

- Reducing the SHGC without reducing the U-value will have a positive impact on 

reducing present energy consumption but it will not improve the building resilience to 

climate change in the same way throughout the time, and it will not reduce the same 

amount of energy in future.  

- Reducing the SHGC and U-value will reduce the energy consumption in the present 

conditions and the energy saving will increase for 30 years where it could achieve 10.2% 

less energy for total system energy and 10.7% less energy for total cooling energy. After 

this period, the efficiency of this solution will start to decrease and energy saving will be 

reduced by 0.5% to 2.2% for total system energy and by 0.2% to 2.4% for total cooling 

energy depending on the period and emission scenario.  

- Double glazed window with good thermal properties would perform similarly to triple 

glazed window in regards to energy reduction and reducing cooling loads. 

4.4- Adding a heat recovery unit to the building HVAC system 

In this option, six heat recovery units were tested to observe the amount of energy saving that 

they would bring to the building. Three of them are cross flow air-to-air heat exchangers 

represented in IES software are a heat exchanger with zero latent effectiveness. The other 

three options are heat recovery wheels represented in IES software as heat wheels with 

different sensible and latent effectiveness. All six options were applied to the base case 
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model separately and tested with all selected weather file to study how they would affect the 

building total system and cooling energy consumption in present weather conditions and if 

they will make the building more resilient to future global warming.  

4.4.1- Adding cross-flow air-to-air heat exchanger to the HVAC system with 70% sensible 

efficiency  

The first option C1 is to apply three cross-flow air-to-air heat exchangers to the HVAC 

system, each one of them is added to one fresh air handling unit (FAHU). This option will 

offer sensible heat exchange only between the incoming and exhaust air-streams. Applying 

this solution will reduce the amount of energy required to cool the outside air before passing 

to the building. Applying option C1 to the base case was simulated will present and future 

weather files. The results of total system energy and total cooling energy of the building are 

presented in figures 63 and 64. 

Figure 63: Total system energy of the base case model with option C1 simulated with present 

and future weather files. 
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Figure 64: Total cooling energy of the base case model with option C1 simulated with present 

and future weather files. 
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Base case with option C1 

Figure 65: Percentage increase from present consumption of the total system energy of the base 

case with option C1 in the future selected periods. 
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Table (31) demonstrates that option C1 is marginally beneficial in increasing building resilience 

toward climate change in future periods. The percentages reduction in energy from base case in 

present conditions are 4.7% for total system energy and 4.4% for total cooling energy. For both 

total system energy and total cooling energy, future percentage reduction has increased in high 

emission scenarios (RCP 8.5 and HadCM3-A2), decreased for period 2020 in (AR4-A1B) 

scenario and then it increased in the later periods of the same scenario. The reason of percentage 

reduction decreasing in period 2020 in (AR4-A1B) scenario is due to the different statistical 

method that is used to derive Meteonorm files which leads to slight differences in results from 

RCP 8.5 and HadCM3-A2 weather files, see section 3.2. 

4.4.2- Adding cross-flow air-to-air heat exchanger to the HVAC system with 75% sensible 

efficiency 

In this option C2, the sensible effectiveness was increased to 75% for the three cross-flow 

air-to-air heat exchangers. This option will examine the amount of energy reduction that 

could be reached by improving the heat exchanger efficiency. Also, it will test how this will 

affect the building resilience to future climate change and its effect on energy demand. 

Therefore, similar to the previous solutions, this option was applied to base case and 

simulated with all selected weather files. Results of simulation for total system energy and 

total cooling energy are shown in figures 66 and 67.  
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Figure 66: Total system energy of the base case model with option C2 simulated with present 

and future weather files. 

 

Figure 67: Total cooling energy of the base case model with option C2 simulated with present 

and future weather files. 
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The present energy consumption values were recorded as 157.9 kwh/m2.yr for total system 

energy and 131.2 kwh/m2.yr which is 0.3% less than option C1 results. Also, the differences 

between the two options are less in future years, taking an example of period 2080 base case 

results simulated with HadC3-A2 weather file has recorded a 0.25% improvement in energy 

consumption from option C1. While the simulation with future stabilization emission scenario 

(AR4-A1B), option C2 results are less than option C1 results by only 0.17% for period 2080. 

Therefore, improving the efficiency of cross-flow air-to-air exchanger from 70% to 75% has 

slightly improvements in energy consumption reduction. The percentage increase from present 

value is shown in figure 68 below which indicates that the base case with option C2 would 

consume up to 44% more in future. 

Base case with option C2 

Figure 68: Percentage increase from present consumption of the total system energy of the base 

case with option C2 in the future selected periods. 
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It is apparent from table (32) results that there are improvements in cooling energy consumptions 

in the future years for high emission scenarios weather files. While the stabilization emission 

scenario AR4 -A1B, the percentage reduction from base case was less for period 2020 but it rises 

up in periods 2050 and 2080. As mentioned before in section 4.4.1, the statistical method in 

deriving Meteonorm weather files is the stochastic method which is different than the morphing 

method that is used for WS present file and this would lead to small unexpected differences in 

results comparison. The total system energy percentage reduction from base case is increasing all 

over the years for high emission scenarios, however; in AR4 -A1B scenario percentage reduction 

decreases by 0.3% for 2020, 0.2% for 2050, and 0.2% for 2080. This means that option C2 is 

Table (32): Percentage reduction in total system energy and total cooling energy from the 

base case model for present and future periods by applying option (C2). 

HadCM3-A2: CCWorldWeatherGen tool 

Period 
HadCM3-A2-

2020 
HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 5.3% 5.3% 5.4% 

Total cooling energy 5.1% 5.3% 5.5% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 4.7% 4.8% 4.7% 

Total cooling energy 4.5% 4.8% 4.8% 

RCP 8.5: (WS) WeatherShift™ tool  

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
5.0% 5.2% 5.5% 5.4% 5.3% 5.3% 5.3% 5.3% 5.3% 5.2% 

Total cooling 

energy 
4.7% 5.1% 5.5% 5.6% 5.2% 5.4% 5.5% 5.3% 5.5% 5.5% 
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efficient for high temperatures rise and would increase the building resilience in high emission 

scenarios.  

4.4.3- Adding cross-flow air-to-air heat exchanger to the HVAC system with 80% sensible 

efficiency 

The third proposed option is C3, in this option the cross-flow air-to-air heat exchanger 

sensible effectiveness will increase to 80%. Three of them will be added to the three FAHU’s 

in the HVAC system. This option will test the enhancement in energy consumption of the 

building when adding a higher efficiency heat exchanger. Also, it will test the effectiveness 

of this option in the future years where higher temperature are expected. For that reason, after 

applying this option to the base case model, the building was simulated will all selected 

weather files and the results are shown in figures 69 and 70. 

Figure 69: Total system energy of the base case model with option C3 simulated with present 

and future weather files. 
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Figure 70: Total cooling energy of the base case model with option C2 simulated with present 

and future weather files. 
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Base case with option C3 

Figure 71: Percentage increase from present consumption of the total system energy of the base 

case with option C3 in the future selected periods. 
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Total system energy 5.0% 4.9% 4.9% 

Total cooling energy 4.7% 5.0% 5.0% 

RCP 8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
5.2% 5.5% 5.7% 5.6% 5.5% 5.5% 5.5% 5.6% 5.6% 5.4% 

Total cooling 

energy 
5.0% 5.4% 5.7% 5.8% 5.5% 5.7% 5.7% 5.5% 5.8% 5.7% 
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Results in table (33) show that this option would improve the building resilience toward climate 

change in high emission scenarios. In addition, in stabilization emission scenario (AR4-A1B), 

this option efficiency will slightly depreciate throughout the future years.  

As a result of the expected air temperature increase in those scenarios, a solution is needed to 

reduce the energy consumed by HVAC unit to cool the outside air before supplying it to the 

building. This would make this solution beneficial, but the three previous options discussed in 

this study would only treat the sensible heat of the air. However, a recovery unit that treat latent 

and sensible energy would be beneficial especially in countries with high humidity ratios like 

UAE. Therefore, additional three recovery units that would reduce both sensible and latent 

energy of the air will be tested in this study to evaluate their effect on energy consumption in the 

future years.  

4.4.4- Adding an enthalpy HRW to the HVAC system with 70% sensible efficiency and 

68% latent efficiency 

In this research, option C4 was proposed to study its effect on the present energy consumption 

and how it would affect building resilience in future with the expected global warming. This 

option will reduce the sensible and latent heat of the fresh air supplied to the building which will 

reduce the cooling loads and energy consumption. Therefore, this solution was implemented 

using IES software, three enthalpy heat wheels were added to the HVAC system with 70% 

sensible effectiveness and 68% latent effectiveness. After applying this solution, base case was 

simulated with all selected weather files and the results of simulation are represented in figures 

72 and 73. 
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Figure 72: Total system energy of the base case model with option C4 simulated with present 

and future weather files. 

Figure 73: Total system energy of the base case model with option C4 simulated with present 

and future weather files. 
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Applying this option has reduced the total system energy to 154.27 kwh/m2.yr and the total 

cooling energy to 128.2 kwh/m2.yr. The highest recorded value is 218.6 kwh/m2.yr for total 

system energy and 186 kwh/m2.yr for total cooling energy in period 2090 with 95th percentile 

which is considered as worst-case scenario. This solution has significantly reduced the future 

energy consumption compared with the previous three options (C1, C2, and C3). Option C4 has 

recorded lower results in energy consumption than option C3 for both present and future periods, 

although this option has a sensible effectiveness less than option C3 by 10%. This means that 

applying a recovery unit with both sensible and latent heat exchange is more useful regarding 

energy consumption in hot countries like UAE. In the stabilization scenario (AR4-A1B), the 

highest value was recorded as 183.17 kwh/m2.yr for total system energy and 153.77 kwh/m2.yr 

for total cooling energy in period 2080. Correspondingly, the study has revealed that even by 

adding option C4, the total cooling energy would still consume between 83-85% of the total 

system energy for all selected periods. Moreover, by comparing this option percentages 

reduction in the table (34) below with option C1 percentages reduction which has the same 

sensible effectiveness of this option. It is clear that this option is more efficient where it could 

save up to 9.2% in future while the highest saving for option C1 was 5.2% only. 
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Base case with option C4 

Figure 74: Percentage increase from present consumption of the total system energy of the base 

case with option C4 in the future selected periods. 

 

According to table (34) below, applying this solution to the HVAC system will reduce the 

amount of energy consumption by 7.1% and 6.9% from the base case model. Moreover, the table 
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high humidity levels in UAE. As shown before in section (3.2), the relative humidity ratio of the 
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4.4.5- Adding an enthalpy HRW to the HVAC system with 75% sensible efficiency and 

73% latent efficiency 

The fifth option in this section is C5, in this option the sensible effectiveness of the enthalpy heat 

recovery wheels that are added to each FAHU’s will be increased to 75% and the latent 

effectiveness will be increased to 73%. This option will examine how a higher efficiency 

enthalpy HRW will affect the total system and cooling energy consumption of the building. Also, 

option C4 has a noticeable improvement in making the building more resilient in the future. 

Therefore, this option will test if upgrading the efficiency will have better results. After applying 

Table (34): Percentage reduction in total system energy and total cooling energy from the 

base case model for present and future periods by applying option (C4). 

HadCM3-A2: CCWorldWeatherGen tool 

Period 
HadCM3-A2-

2020 
HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 7.4% 7.7% 8.1% 

Total cooling energy 7.2% 7.7% 8.3% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 7.1% 8.0% 8.2% 

Total cooling energy 6.9% 8.2% 8.5% 

RCP 8.5: (WS) WeatherShift™ tool  

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
7.1% 7.7% 8.1% 8.5% 7.8% 8.3% 8.7% 7.9% 8.4% 8.9% 

Total cooling 

energy 
6.9% 

7.7% 8.2% 8.7% 7.8% 8.5% 9.0% 7.9% 8.7% 9.2% 
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this option, simulation with all selected weather files was done and results are shown in figures 

75 and 76. 

Figure 75: Total system energy of the base case model with option C5 simulated with present 

and future weather files. 

Figure 76: Total cooling energy of the base case model with option C5 simulated with present 

and future weather files. 
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The present results have recorded an annual total system energy of 153.07 kwh/m2.yr and total 

cooling energy of 127.17 kwh/m2.yr which is less than option C4 by 0.8%. The highest value 

was recorded as 216.47 kwh/m2.yr for total system energy and 184.17 kwh/m2.yr for total 

cooling energy in period 2090 with 95th percentile, those results are less then option C4 by 1%. 

Moreover, simulation with Meteonorm weather files (the stabilization emission scenario) has 

recorded 181.6 kwh/m2.yr for total system energy and 152.43 kwh/m2.yr for total cooling energy 

in period 2080, which is 0.9% less than option C4. The cooling energy of the base case with 

option C5 will consume around 83% from the total system energy in the present weather 

conditions and it would go up to 85% in future periods like 2090. The percentage increase from 

present consumption in total system energy of base case with option C5 is shown in figure 77 

below. It is clear that the highest total system energy consumption of 216.5 kwh/m2.yr in period 

2090 with 95th percentile is 41% more from the present value. 

Base case with option C5 

Figure 77: Percentage increase from present consumption of the total system energy of the base 

case with option C5 in the future selected periods. 
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Table (35) below represents the amount of energy reduction that would occur by applying option 

C5 to the base case model. In present weather conditions, this solution will reduce the energy by 

7.8% for total system energy and 7.6% for total cooling energy. On the long-term, this 

percentage would increase with all emission scenarios. The highest percentage was recorded as 

10.1% for period 2090 with 95th percentile, which means that this option will make the building 

more resistant to future climate change regarding energy demand. Consequently, this study 

confirms that applying enthalpy heat recovery units to HVAC system in high-rise buildings in 

UAE is an essential solution to make improve building resilience with the expected global 

warming in the future periods.  

 

 

Table (35): Percentage reduction in total system energy and total cooling energy from the 

base case model for present and future periods by applying option (C5). 

HadCM3-A2: CCWorldWeatherGen tool 

Period 
HadCM3-A2-

2020 
HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 8.1% 8.3% 8.8% 

Total cooling energy 8.0% 8.4% 9.0% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 7.8% 8.8% 9.0% 

Total cooling energy 7.6% 8.9% 9.3% 

RCP 8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
7.8% 8.4% 8.9% 9.3% 8.5% 9.1% 9.5% 8.7% 9.3% 9.7% 

Total cooling 

energy 
7.6% 8.4% 9.0% 9.5% 8.5% 9.3% 9.8% 8.7% 9.5% 10.1% 
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4.4.6- Adding an enthalpy HRW to the HVAC system with 80% sensible efficiency and 

78% latent efficiency 

The last option C6 is to add three enthalpy HRW’s having 80% sensible effectiveness and 78% 

latent effectiveness to the FAHU’s of the base case HVAC system. For the purpose of the study, 

finding the best solution that would increase the building resilience toward climate change in 

future is required. In the previous section, Option C5 has shown significant results regarding 

energy consumption in future. Therefore, increasing the recovery unit efficiency is suggested in 

this option. Similar to the previous options, after applying this option to the base case model, 

simulation was done with all selected weather files and results are shown in figures 78 and 79. 

 

Figure 78: Total system energy of the base case model with option C2 simulated with present 

and future weather files. 
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Figure 79: Total cooling energy of the base case model with option C2 simulated with present 

and future weather files. 
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the high emission scenario where 180.4 kwh/m2.yr for total system energy and 151.4 kwh/m2.yr 

for total cooling energy were recorded in period 2080.  

Base case with option C6 

Figure 80: Percentage increase from present consumption of the total system energy of the base 

case with option C6 in the future selected periods. 

Table (36): Percentage reduction in total system energy and total cooling energy from the 

base case model for present and future periods by applying option (C6). 

HadCM3-A2: CCWorldWeatherGen tool 

Period HadCM3-A2-2020 HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 8.7% 8.9% 9.5% 

Total cooling energy 8.6% 9.0% 9.7% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 8.4% 9.5% 9.6% 

Total cooling energy 8.2% 9.6% 9.9% 

RCP 8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 
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It can be seen from figure 80 above that the increase of total system energy from present value of 

the base case with option C6 has recorded between 4% to 41% for the selected future periods and 

emission scenarios. 

Moreover, table (36) is quiet revealing in several ways. Firstly, the present values of energy 

consumption by applying option C6 are less than the base case model values by 8.5% for total 

system energy and 8.3% for total cooling energy. Also, an obvious increase in percentages is 

observed for most of the future periods. For example, the total system energy of the base case 

model will consume 9.7% more in period 2080 (based on HadC3-A2 emission scenario) if option 

C6 was not applied. Secondly, this option C6 was the best solution in this study that made the 

building more resilient to climate change in the future regarding energy consumption. We can 

conclude from the results that adding an enthalpy HRW to reduce the cooling loads of high-rise 

buildings is beneficial in reducing the energy demand in both present and future periods.  

4.5- Comparison of this study with previous studies/researches 

This study has analyzed the effect of applying a range of solutions/technologies to a typical 

highrise building in UAE to study the impact of climate change on total system and cooling 

energy. In the literature review, some previous studies on energy efficient solutions and climate 

change were introduced and they will be used to compare the results of this study with them. 

Starting with the findings of Tibi and Mokhtar (2014) study which are consistent with this study 

results. In their study, they tested different glazing properties on a high-rise residential building 

Total system 

energy 
8.5% 9.1% 9.6% 10.0% 9.2% 9.8% 10.2% 9.3% 9.9% 10.5% 

Total cooling 

energy 
8.3% 9.1% 9.7% 10.2% 9.2% 10.0% 10.5% 9.3% 10.2% 10.8% 
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(30 m x 30 m) with 50% WWR. They found out that reducing the U-value and SHGC could 

reduce up to 9.7% from annual cooling loads. These results align with the finding of this study 

where improving the glazing properties of the double-glazed windows would reduce the present 

cooling energy consumption from 6.9% to 8.8%. Moreover, both studies have revealed that 

reducing the windows SHGC will have a better effect on present energy consumption more than 

reducing the U-value of the glazing.  

Additionally, Shanks (2018) has tested some retrofit solutions that are similar to this study to 

find their effect on future energy consumption. He used EPW weather files provided by 

CCWorldWeatherGen. tool for three future periods (2020, 2050, 2080), then he examined how 

improving the glazing properties and increasing external walls insulation will affect the future 

energy consumption. In his study, he changed the glazing U-value from 1.8 to 0.76 W/m²K and 

the g-Value from 28% to 27% which reduced the annual cooling demand by 1.5% to 3.1%. If we 

compare those results with this study results, its apparent that improving the glazing properties of 

the base case by applying option B2 has reduced the U-value from 1.67 to 0.98 W/m²K with and 

the g-value from 40% to 16% which reduced the cooling energy consumption by 7.6% to 8.8%. 

The percentage energy reduction in this study is higher than Shanks (2018) results for many 

reasons. First, the WWR of this study is 60% which is significantly higher than the building in 

Shanks (2018) study which has 38% WWR, therefore; improving the glazing properties for this 

study would have more effect on energy consumption. Also, it seems possible that these higher 

percentages are due to the g-value in option B2 which is significantly less than Shanks (2018) 

glazing retrofit solution, this caused more future percentage reduction in cooling energy in this 

study even though the changes in U-value were close in both studies. On the other hand, if we 

compare Shanks (2018) retrofit option by reducing the external wall U-value from 0.35 to 0.18 
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W/m²K with option A1 in our study, we can find that Shanks (2018) has recorded slightly higher 

percentages reduction in the future. Option A1 in this study has reduced the external wall U-

value from 0.34 to 0.2 W/m²K which is quite similar to Shanks (2018) external wall retrofit 

solution. However, in this study the future reduction in cooling energy was between 0.2% to 

0.26%, while Shanks (2018) study has recoded 0.5% to 1% reduction from annual future cooling. 

As mentioned before, the variances between results is due to the differences in external wall area 

and WWR between the two buildings.  

Another study by AL HUSSAINI and Khan (2017) has analyzed the amount of energy reduction 

that can be achieved by applying an enthalpy HRW to 6 air-handling units that are supplying an 

auditorium building in Hyderabad, India. They found out that the enthalpy HRW would reduce 

around 40% of the total energy consumption which is much higher than the results in this study. 

This rather contradictory results may be due to the differences in the HVAC systems between the 

two studies. In this study the percentage of fresh air supplied by the FAHU is considered low 

compared with the recirculated air supplied by the FCU (see tables (24) and (25)). Therefore, 

applying an enthalpy HRW for this type of HVAC system will reduce the present total energy by 

7.1% to 8.5% depending on the enthalpy HRW effectiveness. Nevertheless, according to 

SULLIVAN (2010), the enthalpy wheel is able to reduce up to 80% of HVAC system energy 

consumption, this study contradicts with SULLIVAN (2010) findings where this high savings by 

applying heat recovery unit are not realistic. The percentage reduction in energy would depend 

on many factors such as the differences in temperatures and humidity ratio between the supplied 

and extracted air, the amount of fresh air supplied by HVAC system, type of HVAC system, and 

efficiency of the enthalpy HRW. 
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4.6- Summary of the simulation results 

The annual total system energy and total cooling energy for the base case model alone and with 

each proposed option are shown in tables (37) and (38). 

 

 

Table (37): Summary of annual total cooling energy for the base case and all proposed 

options in kwh/m2.yr. 

Total 

Cooling 

Energy 

Weather-

Shift 

RCP 8.5 

CCWorldGen. 

(HadC3-A2) 

Meteonorm 

(AR4-A1B) 

WeatherShift tool - RCP 8.5 

50th percentile 90th percentile 95th percentile 

Years Present  2020 2050 2080 2020 2050 2080 2035 2065 2090 2035 2065 2090 2035 2065 2090 

Base 

case 137.7 151.3 163.1 181.2 143.5 158.7 168.0 152.4 167.1 180.0 157.7 181.0 200.8 159.1 183.0 204.8 

A.1 137.4 151.0 162.7 180.8 143.2 158.3 167.6 152.1 166.7 179.6 157.4 180.6 200.2 158.8 182.5 204.2 

A.2 137.3 150.8 162.5 180.5 143.1 158.1 167.4 151.9 166.5 179.3 157.2 180.3 199.9 158.6 182.2 203.8 

B.1 128.1 141.4 154.0 173.0 133.5 150.4 160.1 143.6 159.2 172.9 149.5 173.8 195.3 151.1 176.1 199.2 

B.2 125.5 137.9 149.7 167.4 130.3 146.9 156.0 139.9 154.3 167.3 145.4 168.0 188.0 146.7 170.2 191.7 

B.3 123.7 135.7 147.3 164.8 128.2 144.8 153.8 137.7 152.0 164.8 143.2 165.5 185.2 144.6 167.7 188.9 

C.1 131.6 143.9 154.8 171.8 137.4 151.4 160.1 145.0 158.5 170.5 149.9 171.7 190.2 151.2 173.3 194.1 

C.2 131.2 143.5 154.4 171.3 137.1 151.1 159.9 144.6 158.0 170.0 149.5 171.2 189.7 150.7 172.9 193.6 

C.3 130.8 143.1 154.0 170.8 136.8 150.8 159.5 144.2 157.6 169.6 149.1 170.8 189.3 150.3 172.4 193.1 

C.4 128.2 140.3 150.5 166.2 133.7 145.7 153.8 140.8 153.4 164.3 145.5 165.6 182.8 146.5 167.1 186.0 

C.5 127.2 139.2 149.4 164.8 132.6 144.5 152.4 139.6 152.1 162.9 144.3 164.2 181.1 145.3 165.6 184.2 

C.6 126.2 138.3 148.4 163.7 131.7 143.4 151.4 138.6 151.0 161.6 143.3 162.9 179.7 144.3 164.4 182.6 

Table (38): Summary of annual total system energy for the base case and all proposed 

options in kwh/m2.yr. 

Total 

System 

Energy 

Weather 

-Shift 

RCP8.5 

CCWorldGen. 

(HadC3-A2) 

Meteonorm 

(AR4-A1B) 

WeatherShift tool - RCP 8.5 

50th percentile 90th percentile 95th percentile 

Years Present 2020 2050 2080 2020 2050 2080 2035 2065 2090 2035 2065 2090 2035 2065 2090 

Base 

case 
166.1 181.3 194.3 214.2 172.9 189.4 199.5 182.3 198.5 212.6 188.2 213.7 235.4 189.7 215.8 239.8 

A.1 165.8 181.0 193.8 213.6 172.6 189.0 199.1 181.9 198.0 212.1 187.8 213.2 234.8 189.3 215.3 239.2 

A.2 165.6 180.8 193.6 213.3 172.4 188.8 198.8 181.7 197.8 211.8 187.5 212.8 234.4 189.1 215.0 238.7 

B.1 155.0 169.8 183.6 204.5 161.5 179.8 190.4 172.0 189.2 204.2 178.6 205.3 228.9 180.2 207.8 233.2 

B.2 152.0 165.7 178.6 198.1 157.8 175.8 185.6 167.7 183.6 197.8 173.7 198.6 220.5 175.2 201.0 224.6 

B.3 149.7 163.0 175.8 195.0 155.3 173.3 183.0 165.1 180.8 194.8 171.1 195.6 217.3 172.7 198.1 221.3 

C.1 158.3 172.3 184.4 203.2 165.1 180.7 190.5 173.3 188.3 201.7 178.8 203.0 223.5 180.1 204.8 227.9 

C.2 157.9 171.8 183.9 202.7 164.7 180.4 190.1 172.8 187.7 201.2 178.3 202.5 223.0 179.7 204.3 227.4 

C.3 157.4 171.3 183.4 202.2 164.3 180.0 189.8 172.3 187.3 200.6 177.8 201.9 222.5 179.2 203.8 226.8 

C.4 154.3 167.9 179.4 196.8 160.6 174.2 183.2 168.3 182.4 194.6 173.5 195.9 215.0 174.7 197.6 218.6 

C.5 153.1 166.7 178.1 195.2 159.4 172.7 181.6 166.9 180.9 192.9 172.2 194.3 213.1 173.3 195.9 216.5 

C.6 152.0 165.6 176.9 193.9 158.3 171.4 180.4 165.7 179.5 191.4 170.9 192.8 211.5 172.1 194.4 214.7 
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According to results above, applying options B3 and C6 to the base case model have achieved 

the lowest energy consumptions in both total system and cooling energy amongst other options. 

In the present weather conditions, applying option B3 would reduce the energy consumption 

more than option C6. However, this will change for different future periods and emission 

scenarios. In high emission scenario HadC3-A2, option B3 will perform better than option C6 for 

periods 2020 and 2050, but option C6 will reduce more energy than option B3 in 2080 where the 

global warming is expected to be high, see tables (39) and (40) below. For the stabilization 

scenario (AR4-A1B), option C6 performed better than option B3 in periods 2050 and 2080. 

While in the other high emission scenario (RCP 8.5), option B3 will reduce more energy than 

option C6 in period 2035 with 50th percentile, however; in all other future periods and percentiles 

of this emission scenario option C6 will perform better than option B3.  

 

 

 

 

Table (39): Summary of percentage reduction from base case in total system energy for all 

proposed options. 

Total 

Cooling 

Energy 

Weather-

Shift 

RCP 8.5 

CCWorldGen. 

(HadC3-A2) 

Meteonorm 

(AR4-A1B) 

WeatherShift tool - RCP 8.5 

50th percentile 90th percentile 95th percentile 

Years Present 2020 2050 2080 2020 2050 2080 2035 2065 2090 2035 2065 2090 2035 2065 2090 

A.1 0.16% 0.18% 0.22% 0.25% 0.19% 0.21% 0.20% 0.22% 0.25% 0.24% 0.21% 0.23% 0.28% 0.21% 0.25% 0.28% 

A.2 0.28% 0.31% 0.34% 0.39% 0.31% 0.32% 0.35% 0.33% 0.39% 0.39% 0.34% 0.41% 0.45% 0.33% 0.40% 0.46% 

B.1 6.7% 6.4% 5.5% 4.5% 6.6% 5.1% 4.6% 5.6% 4.7% 3.9% 5.1% 3.9% 2.8% 5.0% 3.7% 2.8% 

B.2 8.5% 8.6% 8.0% 7.5% 8.7% 7.2% 7.0% 8.0% 7.5% 7.0% 7.7% 7.1% 6.3% 7.7% 6.9% 6.3% 

B.3 9.9% 10.1% 9.5% 8.9% 10.2% 8.5% 8.3% 9.5% 8.9% 8.4% 9.1% 8.5% 7.7% 9.0% 8.2% 7.7% 

C.1 4.7% 5.0% 5.1% 5.1% 4.5% 4.6% 4.7% 5.0% 5.2% 5.1% 5.0% 5.0% 5.1% 5.0% 5.1% 5.0% 

C.2 5.0% 5.3% 5.3% 5.4% 4.7% 4.8% 4.7% 5.2% 5.5% 5.4% 5.3% 5.3% 5.3% 5.3% 5.3% 5.2% 

C.3 5.2% 5.5% 5.6% 5.6% 5.0% 4.9% 4.9% 5.5% 5.7% 5.6% 5.5% 5.5% 5.5% 5.6% 5.6% 5.4% 

C.4 7.1% 7.4% 7.7% 8.1% 7.1% 8.0% 8.2% 7.7% 8.1% 8.5% 7.8% 8.3% 8.7% 7.9% 8.4% 8.9% 

C.5 7.8% 8.1% 8.3% 8.8% 7.8% 8.8% 9.0% 8.4% 8.9% 9.3% 8.5% 9.1% 9.5% 8.7% 9.3% 9.7% 

C.6 8.5% 8.7% 8.9% 9.5% 8.4% 9.5% 9.6% 9.1% 9.6% 10.0% 9.2% 9.8% 10.2% 9.3% 9.9% 10.5% 
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Furthermore, it can be seen from tables (39) and (40) above that the percentage reduction from 

base case for total system and cooling energy is increasing in future periods in options A1, A2, 

C1, C2, C3, C4, C5, and C6. Which means that they will make the building more resilient to 

future climate change. While in options B1, B2, and B3, the percentage reduction from base case 

is decreasing in future, however; it is still considered as an energy efficient solution even though 

it will make the building less resilient to climate change. 

This study can provide designers and engineers in UAE an overview on the selection of the 

appropriate solution for high-rise buildings based on the required energy saving and the life-time 

of the building.  

 

4.7- Applying options A2, B3, and C6 

In this section, the three best options from the insulation layers, glazing, and recovery units were 

applied to the base case model and simulated with present and future selected files to find out 

how a combination of energy efficient technologies on UAE high-rise building would improve 

Table (40): Summary of percentage reduction from base case in total cooling energy for all 

proposed options. 

Total 

Cooling 

Energy 

Weather-

Shift 

RCP 8.5 

CCWorldGen. 

(HadC3-A2) 

Meteonorm 

(AR4-A1B) 

WeatherShift tool - RCP 8.5 

50th percentile 90th percentile 95th percentile 

Years Present 2020 2050 2080 2020 2050 2080 2035 2065 2090 2035 2065 2090 2035 2065 2090 

A.1 0.19% 0.20% 0.25% 0.26% 0.21% 0.21% 0.24% 0.24% 0.26% 0.24% 0.21% 0.26% 0.28% 0.21% 0.25% 0.28% 

A.2 0.29% 0.33% 0.37% 0.42% 0.33% 0.34% 0.38% 0.37% 0.38% 0.41% 0.34% 0.42% 0.46% 0.36% 0.42% 0.49% 

B.1 6.9% 6.5% 5.6% 4.6% 7.0% 5.2% 4.7% 5.8% 4.7% 4.0% 5.2% 4.0% 2.8% 5.1% 3.8% 2.7% 

B.2 8.8% 8.8% 8.2% 7.6% 9.2% 7.4% 7.1% 8.2% 7.7% 7.1% 7.8% 7.2% 6.4% 7.8% 7.0% 6.4% 

B.3 10.2% 10.3% 9.7% 9.1% 10.7% 8.8% 8.5% 9.7% 9.0% 8.5% 9.2% 8.6% 7.8% 9.1% 8.3% 7.8% 

C.1 4.4% 4.8% 5.1% 5.2% 4.2% 4.6% 4.7% 4.9% 5.2% 5.3% 4.9% 5.2% 5.3% 5.0% 5.3% 5.2% 

C.2 4.7% 5.3% 5.3% 5.5% 4.5% 4.8% 4.8% 5.1% 5.5% 5.6% 5.2% 5.4% 5.5% 5.3% 5.5% 5.5% 

C.3 5.0% 5.4% 5.6% 5.7% 4.7% 5.0% 5.0% 5.4% 5.7% 5.8% 5.5% 5.7% 5.7% 5.5% 5.8% 5.7% 

C.4 6.9% 7.2% 7.7% 8.3% 6.9% 8.2% 8.5% 7.7% 8.2% 8.7% 7.8% 8.5% 9.0% 7.9% 8.7% 9.2% 

C.5 7.6% 8.0% 8.4% 9.0% 7.6% 8.9% 9.3% 8.4% 9.0% 9.5% 8.5% 9.3% 9.8% 8.7% 9.5% 10.1% 

C.6 8.3% 8.6% 9.0% 9.7% 8.2% 9.6% 9.9% 9.1% 9.7% 10.2% 9.2% 10.0% 10.5% 9.3% 10.2% 10.8% 
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the building resilience toward climate change and its effect on energy demand. After applying 

options A2, B3, and, C6 to the base case model, the model was simulated and the results are 

shown in figures 81 and 82. 

Figure 81: Total system energy of the base case model with options A2, B3, and C6 simulated 

with present and future weather files. 
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Figure 82: Total cooling energy of the base case model with options A2, B3, and C6 simulated 

with present and future weather files. 

 

Applying the three best options has reduced the total system energy from 166.1 kwh/m2.yr to 

133.2 kwh/m2.yr and the total cooling energy from 137.7 kwh/m2.yr to 110.3 kwh/m2.yr. As 

mentioned before in section 4.1.2, the best practice energy efficient buildings consume around 

110-160 kwh/m2.yr (Clarke 2016). Therefore, applying the three best options in this study will 

classify the building as best practice energy efficient building up to period 2050. Afterward, the 

total system energy consumption is more than 160 kwh/m2.yr except for period 2065 with 50% 

percentile. The base case with options A2, B3, and C6 total system energy percentage increase 

from the present value is shown in figure 83 below. It is noticed that the future expected 

percentage increase is between 3% to 44% depending on the period and emission scenario. 

 

110.3
113.9

126.4
134.0

119.9
129.5

144.0

121.3

132.7

143.2

125.9

144.2

160.4

127.0

145.6

163.5

0.0

50.0

100.0

150.0

200.0

Present 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095

A
n

n
u

al
 C

o
o

lin
g 

En
e

rg
y 

kw
h

/m
2
.y

r

Representative Years

Options A2, B3, and C6

Present Meteonorm HadC3-A2 WS-RCP8.5-50% WS-RCP8.5-90% WS-RCP8.5-95%



149 
 

Base case with options A2, B3 and C6 

 

Figure 83: Percentage increase from present consumption of the total system energy of the base 

case with option C6 in the future selected periods. 
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Table (41): Percentage reduction in total system energy and total cooling energy from the base 

case model for present and future periods by applying options A2, B3, and C6. 

HadCM3-A2: CCWorldWeatherGen tool 

Period HadCM3-A2-2020 HadCM3-A2-2050 HadCM3-A2-2080 

Total system energy 21% 20% 20% 

Total cooling energy 21% 21% 21% 

AR4-A1B: Meteonorm tool 

Period 2020 2050 2080 

Total system energy 21% 20% 20% 

Total cooling energy 21% 20% 20% 

RCP 8.5: (WS) WeatherShift™ tool 

Period Present 
50% percentile 90% percentile 95% percentile 

2035 2065 2090 2035 2065 2090 2035 2065 2090 

Total system 

energy 
20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 

Total cooling 

energy 
20% 20% 21% 20% 20% 20% 20% 20% 20% 20% 
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As can be seen from the table above, the percentage reduction from the base case by applying the 

most three efficient solutions in this study will reduce the total system energy and the total 

cooling energy by 20% to 21% in present and future periods and in all emission scenarios, which 

will improve the building resilience toward climate change considerably.  
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Chapter 5: Conclusion and Recommendations 
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5.1- Conclusion 

The main goal of this study was to determine the effect of climate change on the cooling energy 

demand of UAE high-rise buildings and to find the most energy efficiency solutions that would 

make those buildings more resilient to climate change and global warming. To achieve this goal, 

a base case model that represents a typical UAE high-rise building following Dubai regulations 

and international standards was prepared. Afterward, a range of present and future weather files 

representing stabilization and high emission scenarios derived from different international 

industry accepted data sources were collected and analyzed. 

Then, several energy efficiency solutions were selected based on previous studies and researches. 

Those solutions included two external wall insulation layers, three glazing types with different 

thermal characteristics, and six HVAC heat recovery units. Moreover, a total of 208 simulations 

with the collected present and future weather files were conducted to discover the most energy 

efficient solution that would improve the building performance in present and future periods.  

This research extends our knowledge on the different types of future weather files and the 

methods that are used to derive them. Generating future weather files can be done by using two 

different approaches, dynamical downscaling and statistical downscaling. In this study, future 

weather files derived by statistical downscaling were used. CCWorldWeatherGen tool files 

representing high emission scenario (HadC3-A2) and WeatherShiftTM tool files representing high 

emission scenario (RCP 8.5) were generated by using morphing method, after analyzing those 

files several findings were concluded. First, by comparing the RCP 8.5 weather files with 

HadC3-A2 weather files, this study found out that RCP8.5 weather files have higher 

temperatures than HadC3-A2 files for Abu Dhabi city, UAE. Also, the air temperature is rising 

in future periods in both tools. However, the global horizontal solar radiation and the relative 
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humidity ratio were decreasing in future periods for both tools which contradicts with Glavan 

(2015) report where she confirmed the increase of those two weather parameters in UAE in the 

future by using dynamical downscaling. The third statistical tool that was used in this study is the 

Metoenorm tool which uses stochastic method to derive the weather files. This tool confirms that 

the air temperatures and RH% will increase in future while the global horizontal solar radiation 

values fluctuates throughout the years.  

The present study confirms that applying glazing with low U-value and SHGC is important to 

reduce the cooling loads and energy consumption in the present and future periods in UAE high-

rise buildings. Also, an important limitation in this study is the low energy savings from 

improving the external wall insulation layers which would be related to a margin of error in 

modelling.  

After testing six HVAC heat recovery units, this study verifies that using sensible and latent 

recovery unit would have a better impact from using sensible only recovery units in UAE. The 

present energy saving from using 80% sensible and 78% latent recovery unit has reached 8.5% 

for total system energy and 8.3% for total cooling energy. Those savings would rise in future up 

to 10.5% and 10.8% for total system energy and total cooling energy respectively. Furthermore, 

taking into consideration the lower RH% in the RCP8.5 and HadC3-A2 future files, this study 

confirms that future savings would be higher than the founded.  

This study highly recommends using glazing with good thermal properties with sensible and 

latent HVAC heat recovery unit in UAE high-rise buildings. Those two solutions are considered 

to be efficient to reduce the present energy consumption and improve the building resilience 

toward climate change in future. 
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Finally, the present study makes several noteworthy contributions to the effect of climate change 

and global warming on UAE high-rise buildings and how they will increase the future energy 

demand significantly. The total system energy consumption of UAE high-rise buildings would 

increase from present consumption by 3% to 50% in future depending on the period and 

emission scenario. Also, it has been discovered that applying the three best options to the base 

case model in this study will have a positive impact on energy consumption and will reduce the 

total system energy and the total cooling energy by 20% to 21% in present and future periods.  

5.2- Research limitations and recommendations 

There were several limitations to this study that need to be acknowledged. Starting with the 

present and future weather files that were used, the present file that was available for simulation 

is a default weather file derived from previous years, having a more recent weather file in a 

readable format by building simulation tools would be more useful in comparing with future 

periods which is not available for UAE. Furthermore, dynamically downscaled future weather 

files would produce more precise results than the statistically downscaled future weather files but 

they were not used in this study due to the difficulty of extracting those files and the restrictions 

by the Environmental Agency of Abu Dhabi (EAD).   

This study has only examined high-rise buildings in UAE, covering more than one type was not 

possible in this study. Therefore, testing the effect of climate change of different types of 

buildings could be done in future researches. Also, only one HVAC system was used in this 

study, so measuring the effect of climate change on different types of HVAC systems can be 

done in future as well.  
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According to this study, it is recommended that further research be undertaken in the following 

areas: 

- Further studies could investigate the most appropriate energy efficient 

solutions/techniques for different types of building such as mid-rise and low-rise 

buildings in UAE. Then they can investigate the efficiency of those solutions in future 

and how can they improve the building resilience toward climate change. 

- A dynamically scaled future weather datasets for UAE can be generated in the 

cooperation with the Environmental Agency of Abu Dhabi (EAD). Those datasets will be 

useful for designers, engineers, and buildings regulation entities.  

- It would be useful to assess the impact of climate change on UAE high-rise buildings in 

different simulation tools to compare them with the results of this study. 

- Other researches could test the effectiveness of heat recovery units of different HVAC 

systems using present and future weather datasets. 

- With the dynamically downscaled UAE weather datasets being currently unavailable, the 

statistically downscaled weather datasets become the only useful source to evaluate the 

resilience of UAE buildings to climate change.    
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Table (B- 1): Peak cooling load of rooms 1, 2, 3, and 4 of the 12th floor (IES Virtual 

Environment 2019). 

Room 1 Room 2 

 

Room 3 

 

Room 4 

 

 


