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Abstract 

Studies on the effect of external fixed louvers shading device on office 

buildings energy performance in UAE climate condition have shown that 

the louvers application caused a significant energy saving potential for 

the South, East and West orientations. However, the different louvers 

configurations and properties estimate a different performance in energy 

saving. This research aimed to exploring the influence of changing the 

louvers Aspect Ratio AR, louvers color, louvers slat tilt angles and 

louvers material in the energy performance of office building in Dubai 

city. 

 

A virtual office unit model with the same parameters of existing office 

building in Dubai was used to evaluate the energy consumption 

performance of external fixed louvers for the South, North, East and 

West orientations. The IES-VE computer simulation software was used to 

predict the energy consumption in order to evaluate the effect of 

difference louvers configurations and properties in energy performance. 

   

This study found that the louvers shade application with the same AR 

value of Louvers Width / Lovers Spacing distance (LW/LS) results 

approximately the same effect in energy saving. This is important as we 

can focus on the effect of AR only without having to test the different 

combination of LS and LW that give similar AR. The study found that the 

optimum energy saving reduction was recorded by using lovers (AR=3.0) 

with semitransparent material with Visible Transmittance (VT) 50% was 

achieved 33.16% annual average energy saving comparison with the 

base case (without louvers shading and light dimming system) for the 

South orientation. The optimum louvers AR configuration was AR=3.0 

with annual average percentage of reduction in energy saving 29.33%, 

25.06% and 23.47% for the South, East and West orientations, 

respectively. The study found also that the changing in louvers AR is 

more efficient in energy saving than the changing in louvers angles. 



 ii 

 

يد ش ر تهلاك ت س ة إ طاق ي ال ي ف بان م ية ال ب ت ك م تخدام ال س ضل ب ص أف صائ خ  ال
صر  نا ع ر) ل لوڤ يل (ال ل تظ ل خارجي ل حت ال ير ت أث ناخ ت ة م ية الأمارت دول عرب  ال
تحدة م  .ال
 
يص لخ توى ت مح بحث ل  .ال
 
سة هذه أظهرت درا تخدام أن ال س صر إ نا ر ) ع لوڤ ته ( ال ثاب يل ال ل تظ ل ظام مع ل  ن
كم تح شدت ال ضوء ب لى ال ل ع واجهات من ك يه، ال شرق ه ال نوي ج يه و ال غرب ي ال  ف
ي بان م ية ال ب ت ك م ه ال ر ل ي الأث جاب عال الإي ف ي ال يد ف ش ر تهلاك ت س ه إ طاق ية ال ل ك  ال
كة ل ته س م هذا ال نوع ل ي من ال بان م لى علاوة .ال ك ع سة هذه أظهرت ذل درا ية أداء أن ال عال  وف
صر نا يل ع ل تظ لف ال ت خ تلاف ي خ ص ب صائ يزات خ صر هذه ومم نا ع ثل ال  ) م
سات قا م ية ال ب س ن وحدات ال يل، ل ل تظ ة معامل ال فاذي ن لظوء، ال ون ل يل، وحدات ل ل تظ  ال
ا ح زواي شرائ يل وحدات  ل تظ صر هذه ومواد ال نا ع هدف. (ال بحث هذا ي لمي ال ع ى ال  إل
بار ت ية إخ عال ص عدة ف صائ صر خ نا ع يل ل ل تظ ية ال خارج ر ) ال لوڤ هدف ( ال  ب
تخلاص س فات إ ص موا ص ال صائ خ ثل وال ي الأم يد ف ش ر ست ت ه هلاكإ طاق ي ال بان لم  ل
ية ب ت ك م ي ال ناخ ف ة م  .الإمارات دول
 
يم ي ق ت ية ل ل اع صر ف نا ر ) ع لوڤ ي ( ال يد ف ش ر تهلاك ت س ة إ طاق مت ال تجارب ت  ال
لى ية وحدة ع ب ت ك ية م ض ترا ها إف فس ل فات ن ص موا يث من ال ناء مواد ح ب تخدمة ال س م  ال
ست قا م يه وال توج نى وال ب م بي ل ت ك م م ائ ي ق نة ف ي مدي رج ) دب ا ب ساب كت  م يال  (ب
ي قة ف نط راج م يرات أب ح يرا ب اة .جم محاك عوامل ل ية ال ناخ م ناخ ال م نى مع الأمارات ل ب م  ال
ضي ترا م الأف تخدام ت س امج إ رن ا ب محاك ئي ال ي ب ئة ال ي ب ل ية ل ض ترا  IES-VE ) الأف
مت .( لى التجارب   ت ع ع ية، واجهات الأرب شمال ية، ال شرق ية ال نوب ج ية ال غرب  وال
فردة ن  .م
 
سة هذه أظهرت  درا سخدامإ أن ال صر  نا يل ع ل تظ ية ال خارج ر ) ال لوڤ فس ( ال ن  ب
سات قا م ية ال ب س ن وحدات ال يل ل ل تظ ر وحدات عرض) ال لوڤ بة ال س ن ال ى ب ه إل ساف م  ال
ين لوحدات ب ه (ال فس ل ية ن ل فاع ي ال يد ف ش ر تهلاك ت س ه إ طاق سة هذه أظهرت .ال درا  ال
ضل أن أيضا   ص ف صائ خ صر ال نا ع ر ل وڤ ت ال ان تخدام ك س قاس ب م بي ال س ن ى ٣ ال  ١ إل
ر ) وحدات عرض أي لوڤ ساوي ( ال لاث ي ضعاف ث ة أ ساف م ين ال يل وحدات ب ل تظ  مع ال
ة معامل ٪٥٠ فاذي ضوء ن ل ير ل توف ه من ٪٣٣.١٦ ب طاق ة ال نوي س كه ال ل ته س م  ال
بة س ن ال ضع ب لو سي ل سا نى الأ ب لم دون أي ) ل صر ب نا يل ع ل ظ ظام ت كم ون ح شدت ت  ب
ضوء لواجه (ال ية ل نوب ج ضل وأن .ال قاس أف بي م س صر ن نا ع لوڤا ) ل  ٣ هو ( ل
ير توف ه ب ه طاق نوي س قدارها  كل ٪٢٣.٤٧ و ٪٢٥.٠٦ و ٪٢٩.٣٣ م واجهات من ل  ال
ية نوب ج يه ال شرق ية و وال غرب لى ال ي ع توال    .ال

 

 

 

 

 

 

 



 iii 

 

Acknowledgments  

I would have not finished this dissertation without the power grated from 

ALLAH and the support of my father who has always been there for me 

whenever I need him, the encouragement they give to keep me going 

and their love to empower me that never fails all the time. Thank you. 

Also I offer my sincerest gratitude to my supervisor, Prof. Bassam Abu-

Hijleh, who has supported me throughout my thesis with his patience and 

knowledge. I attribute the level of my Masters degree to his 

encouragement and effort and without him this thesis, too, would not 

have been completed. One simply could not wish for a better or friendlier 

supervisor. Deepest gratitude are also due to the members of the faculty 

of engineering, Dr. Abeer AlJanahi and Dr. Moshood Fadeyi who aided 

me In the various courses and workshops for many years.  

 

Lastly, I offer my regards and blessings to all of those who supported me 

in any respect during the completion of thesis. 

 

 



 iv 

 

Table of contents 

 

 

Abstract ............................................................................................................ i 

Acknowledgments  ........................................................................................ iii 

List of Figures  .............................................................................................. vii 

List of Tables  ............................................................................................... xiv 

 

Chapter1 – General Introduction 

   

1.1  Introduction ...........................................................................................2 

1.2  The building skin ...................................................................................6 

1.3  Office buildings energy efficiency ..................................................9 

1.3.1  Energy efficiency and solar radiation .............................................. 10 

1.3.2  Energy performance ....................................................................... 11 

1.4 Dubai office building scenario ............................................................ 11 

 

 

Chapter2 - Literature Review 

 

2.1   Introduction ........................................................................................ 18 

2.2   Shading device applications ............................................................. 18 

2.2.1   Natural shading devices ................................................................ 18 

2.2.2   Internal shading devices ................................................................ 20 

2.2.3   Exterior shading devices ............................................................... 24 

2.3    Aims and objectives of this research ............................................... 41 

 

 



 v 

 

 

Chapter3 - Methodology 

 

3.1   Selection and justification of the method chosen .......................... 44 

3.1.1   Laboratory scaled model simulations ............................................ 44 

3.1.2   Filed experimental measurement .................................................. 46 

3.1.3   Computer simulation . ................................................................... 48 

3.1.4   Computer mathematical calculations ............................................. 51 

 
3.2   Conclusions ...................................................................................... 52 

3.3   Selected methodology ...................................................................... 52 

3.4   Selected computer software IES-VE ................................................ 53 

3.5   IES-VE validation .............................................................................. 56 

 

 

 

Chapter4 - Simulations Model  

 

4.1   Introductions ..................................................................................... 58 

4.2   Building descriptions ....................................................................... 58 

4.3  Building constructions materials and finishes ................................ 61 

4.4  Office model ....................................................................................... 67 

4.5  Office operation time ......................................................................... 71 

4.6  Dubai weather data ............................................................................ 73 

4.7  Sun path and simulations days ........................................................ 74 

4.8  Defining the research parameters .................................................... 82 

4.9  Matrix for simulation cases ............................................................... 84 

4.10  Model validation ............................................................................... 88 



 vi 

 

Chapter5 – Simulations results and discussions 

 

5.1   Introduction ....................................................................................... 90 

5.2   Louvers Aspect Ratio results AR=(LW/LS) ..................................... 90 

5.3   Energy saving of light dimming system .......................................... 91 

5.4   South, East and West Simulations results ...................................... 91 

5.4.1   South orientation simulation results ............................................... 94 

5.4.2   East orientation simulation results ................................................. 98 

5.4.3   West orientation simulation results .............................................. 101 

5.5   Comparison between the South, East and West orientations ..... 104 

5.6   Comparison between the louvers configurations scenarios ....... 110 

 

 

Chapter6 - Conclusions and recommendations. 

 

6.1   Conclusions .................................................................................... 114 

6.2   Recommendation for future investigations................................... 116 

 

 

References ................................................................................................... 117 

Bibliography ................................................................................................ 124 

 

 

Appendix 

Appendix A   South orientation simulations results ........................................ 129 

Appendix B   East orientation simulations results .......................................... 133 

Appendix C   West orientation simulations results ......................................... 137 

Appendix D   North orientation simulations results ........................................ 141 

 



 vii 

 

List of Figures 

 

 

Figure 

 

 Page 

Figure 1.1 The growth in electricity generation in UAE from 1971 to 2007. 

(http://www.iea.org/stats/pdf_graphs/AEELEC.pdf). 

 

03 

Figure 1.2 Natural daylight can reach the building interior by two main ways, 

direct solar radiation and diffuse solar radiation. 

(http://www.aia.org). 

 

05 

Figure 1.3 Percentage glazing in the building facade of some famous buildings 

in Dubai city, UAE : (a) world trade center (40%), (b) national bank 

of Dubai (80%), (c) IPM building (80%), (d) Fairmont hotel (70%), 

(e) shangrila hotel (50%), (f) century  tower (90%), (g) Chelsea 

tower (85%). (Aboulnaga, 2006). 

 

07 

Figure 1.4 The interaction between indoor and outdoor affected by building 

skin components. 

(http://money.cnn.com/zpopups/2006/fortune/future_tower/8.html). 

 

08 

Figure 1.5 Office buildings built in Dubai in the period from 1979 to 2010 with 

listed numbers from 1 to 39. (Mix of personal archive 9/2010 and 

google earth photos). 

 

13 

Figure 1.6 The using of external shading and glazing façade in office buildings 

during the periods from 1979 to 2010. 

 

15 

Figure 2.1 Vertical climbing plants canopy shading windows. (Lam and Miller, 

2007).       

19 

Figure 2.2 Vegetation shading effect on a building. (http://www.aia.org).     

 

20 

Figure 2.3 Azimuth sun angle analysis with Venetian blind and occupant 22 

http://www.iea.org/stats/pdf_graphs/AEELEC.pdf
http://www.aia.org/
http://money.cnn.com/popups/2006/fortune/future_tower/8.html
http://www.aia.org/


 viii 

 

position, (a) control method for one blind with one controlled zone, 

(b) minimum and maximum surface solar azimuth angle in 

horizontal plan. (Koo, Yeo and Kim, 2010). 

 

Figure 2.4 Latitude sun angle present the lower end of blind to block direct 

sunlight beyond the depth. (Koo, Yeo and Kim, 2010). 

 

23 

Figure 2.5 Ideal basic shading strategy for external fixed shading device in 

deferent seasons. (http://www.aia.org). 

 

25 

Figure 2.6 Different louvers angles were tested in this thesis. (Hammad and 

Abu-Hijleh, 2010). 

 

27 

Figure 2.7 The three main solutions studied by James and Bahaj (2004). 

 

28 

Figure 2.8 Model geometry and the louvers installation in different facades (a) 

East and West louvers installation, (b) South louvers installation. 

(Palmero-Marrero et al 2009). 

 

30 

Figure 2.9 Movable shading system in three configurations as a thermal 

solution in hot season, (a) closed natural conviction, (b) open 

natural conviction, (c) forced conviction. (Baldinelli, 2008). 

 

31 

Figure 2.10 Ceiling geometry shape with louvers shading models, (a) Virtual-

model test, (b) physical model test. (Freewan et al, 2008). 

 

33 

Figure 2.11 Different shading system applications were tested by  Aghemo et al 

(2006). 

 

 

34 

Figure 2.12 Different Sun-shading designs were tested: (a) single shading, (b) 

twin shading, (c) double-layered shading, and (d) double-layered 

shading with single vertical element. (Ho et al, 2008). 

 

36 

http://www.aia.org/


 ix 

 

Figure 2.13 Rooftop shading application, (a) existing photo, (b) dimensions of 

roof shading device. (Meng and Zhang, 2006). 

 

38 

Figure 2.14 Model geometry and dimensions. (Moeseke et al, 2005). 

 

39 

Figure 2.15 Schematic diagram of the structure and locations shading device of 

the Trombe wall. (Chen et al, 2005). 

 

40 

Figure 3.1 Artificial sky dome with scaled model used to test the shading 

device performance. (Aghemo et al, 2007). 

 

45 

Figure 3.2 Illumination measurement positions in model classroom. (b) 

Photograph Showing single row of multi-channel photometers 

meters in one row of Measurement array. (Ho et al, 2008). 

 

47 

Figure 3.3 The IES product family, showing new and existing product and how 

they work with an integrated data model that be input directly from 

popular CAD and BIM application. (www.iesve.com). 

 

55 

Figure 4.1 The Saba tower building façade. (www.googleearth.com). 

 

59 

Figure 4.2 Saba tower building layout. 

 

59 

Figure 4.3 Saba tower site plan layout. (www.googleeart.com). 

 

60 

Figure 4.4 Four selected typical offices unit position from Saba tower on the 

south, east and west facade. (www.googleearth.com). 

 

 

 

61 

Figure 4.5 Six building elements considerate in order to simulate a single office 

unit. 

 

62 

Figure 4.6 Sections show Saba tower construction materials and finishes 63 

http://www.iesve.com/
http://www.googleearth.com/
http://www.googleeart.com/
http://www.googleearth.com/


 x 

 

properties, (a) external wall section, (b) internal partition section. 

(Saba Real Estate). 

 

Figure 4.7 Sections show Saba tower construction materials and finishes 

properties, (a) flooring section, (b) ceiling section. (Saba Real 

Estate). 

 

64 

Figure 4.8 Sections show Saba tower construction materials and finishes 

properties, (a) timber boor section, (b) external glass section. (Saba 

Real Estate).   

 

65 

Figure 4.9 IES-VE construction materials database for the selected office. (IES 

building template manager database). 

 

66 

Figure 4.10 (a) typical office units plan, (b) typical office units section.  

 

68 

Figure 4.11 Office unit, virtual model on IES. (a) Vertical external louvers 

installation for the East and West façade, (b) horizontal external 

louvers installation for the south façade. 

 

68 

Figure 4.12 IES-VE internal gains menu were used in simulation. (IES building 

template manager database). 

 

69 

Figure 4.13 IES-VE cooling system menu for the single office simulation. (IES 

building template manager database). 

 

70 

Figure 4.14 IES-VE air exchange menu. (IES building template manager 

database). 

 

70 

Figure 4.15 Fluorescent lighting system used in simulation. (IES building 

template manager database). 

 

71 

Figure 4.16 Weekly light dimming profile used in simulation. (IES profile 72 



 xi 

 

database). 

 

Figure 4.17 Weekly people and computer profile. (IES profile database). 

 

72 

Figure 4.18 Sun path diagram of Dubai. (IES weather database). 

 

74 

Figure 4.19 Dubai relative temperature and wind speed on Sunday 21st of 

March. (IES weather database). 

 

75 

Figure 4.20 Dubai relative humidity and cloud cover on Sunday 21st of March. 

(IES weather database). 

 

76 

Figure 4.21 Dubai falling solar radiation amount, Sunday 21st of March. (IES 

weather database). 

 

76 

Figure 4.22 Dubai relative temperature and wind speed on Sunday 20th of June. 

(IES weather database). 

 

77 

Figure 4.23 Dubai relative humidity and cloud cover on Sunday 20th of June. 

(IES weather database). 

 

77 

Figure 4.24 Dubai falling solar radiation amount, Sunday 20th of June. (IES 

weather database). 

 

78 

Figure 4.25 Dubai relative temperature and wind speed on Mon 20th of Sep. 

(IES weather database). 

 

79 

Figure 4.26 Dubai Humidity and cloud cover on Sunday 20th of Sep. (IES 

weather database). 

79 

Figure 4.27 Dubai falling solar radiation amount, Mon 20th of Sep. (IES weather 

database). 

 

80 

Figure 4.28 Temperature and wind speed on Wed 15st of Dec. (IES weather 81 



 xii 

 

database). 

 

Figure 4.29 Humidity and cloud cover on Wed 15st of Dec. (IES weather 

database). 

 

81 

Figure 4.30 Dubai falling solar radiation amount, Wed 15st of Dec. (IES weather 

database). 

 

82 

Figure 4.31 The ratio between the louvers spacing distance (LS) and louvers 

width (LW). 

 

83 

Figure 4.32 Louvers slate tilt angles. 

 

84 

Figure 4.33 CARRIER HAP and IES cooling loads. 

 

88 

Figure 5.1 Total energy consumptions (KW) for AR=1 with three value of LW= 

10cm, 20cm and 30cm for the south orientation on 20th of 

September. 

 

90 

Figure 5.2 Total energy consumptions (KW) for the base case and the light 

dimming system without louvers shading. 

 

91 

Figure 5.3 Energy saving% compared with the base case for the North 

orientation with the louver scenario AR=3.0 during the four seasons. 

 

92 

Figure 5.4 Energy saving reduction for louvers scenario compared with the 

base case for the South orientation. 

 

 

96 

Figure 5.5 ECOTECT graph represent the sun path during the four selected 

seasons. 

 

96 

Figure 5.6 Average annual energy saving for louvers scenario compared with 98 



 xiii 

 

the base case for the South orientation. 

 

Figure 5.7 Energy saving reduction for louvers scenario compared with the 

base case for the East orientation. 

 

100 

Figure 5.8 Average annual energy saving for louvers scenario compared with 

the base case for the East orientation. 

 

101 

Figure 5.9 Energy saving reduction for louvers scenario compared with the 

base case for the West orientation. 

 

103 

Figure 5.10 Average annual energy saving for louvers scenario compared with 

the base case for the West orientation. 

 

104 

Figure 5.11 Energy saving% for louvers AR=3 compared with the base case for 

the West, East and South orientations during the four seasons. 

 

106 

Figure 5.12 Energy saving% for louvers AR=3 compared with the base case for 

the West, East and South orientations during the four seasons. 

 

106 

Figure 5.13 Hourly average energy consumptions for the louvers AR=3.0 during 

the four seasons for the South, East and west orientations. 

 

107 

Figure 5.14 Hourly energy consumptions (KW) for all scenarios for the East 

orientation on 20th of Sep. 

 

108 

Figure 5.15 Hourly energy consumptions (KW) for all scenarios for the West 

orientation on 20th of Sep. 

 

108 

Figure 5.16 Average annual energy saving% for louvers AR=3.0 during the four 

selected days compared with the base case for the West, East and 

South orientations. 

 

 

109 



 xiv 

 

Figure 5.17 Average annual energy saving% for all louvers scenario compared 

with the base case for the West, East and South orientations. 

 

112 

   

 

List of Tables 

 

 

Table  

 

 Page 

Table 1.1 Dubai office buildings categorization by buildings name, build year, 

number of floors, facade materials, glazing orientations and external 

shading. 

 

 

14 

Table 3.1 Overview of tool support for solving the thermo and physical of 

zones for different twenty simulation programs. (Crawley et al, 

2008) 

 

 

54 

Table 4.1 Matrixes for simulation cases. 

 

 

87 

Table 5.1 Excel sheet represent the hourly consumption energy 

measurements been collected for the South, East and West 

orientations during the four selected days. 

93 



1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1: General Introduction 
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1.1. Introduction: 

 

The Green house gases are the main culprits of the global warming. 

These gases like carbon dioxide, methane, and nitrous oxide are playing 

hazards roles in the present times. These green house gases produced 

by buildings and cars trap heat in earth’s atmosphere and thus result in 

increasing the temperature of earth which leads to natural disasters. 

Hammad and Abu-Hijleh, (2010) reported that 40% of the total world 

energy use is by buildings, whilst they (buildings) are responsible for 

roughly 70% of sulfur oxides and 50% of the carbon dioxide emission. 

41% of the total energy consumed in the world was by buildings in 

Europe, mainly the commercial sector. 

 

The intensity of solar radiation in a hot humid climate like Dubai is 

generally high throughout the year. The intensity of direct and diffuse 

radiation has a significant influence on the electric building performance, 

it influences the indoor thermal climate through direct solar heat gained 

through the glazing and indirectly through heat gain on a building’s 

external surface. The full glazing facade in most contemporary office 

buildings does not help to improve this climate condition, in most cases it 

causes the problem of overheating, glare and the high cost in electricity 

for cooling the building which increases the green house gases 

emissions as a consequence.  Several studies on solar control in a 

building’s facade suggest that different applications of external and 

internal shading devices can create a significant improvement in the 

building’s energy consumption. 

 

The dramatic increase in the carbon dioxide emissions of the gulf region 

are due to the high consumption of energy used to cool buildings. 

Presently, emphasis should be placed on building technology to improve 

a new building’s ability to deal with the climate in the most energy 

efficient way, especially focusing on the façade of the building, 
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Aboulnaga, (2006) reported that the world energy agency in 2004 

postulated the world’s energy needs will increase 60% by 2030 and two 

thirds of this increase will come from developing countries.  

 

The construction boom in The United Arab Emirates in the last decade 

has led investigators to research more about the environmental impact of 

a building. This would include testing in order to find the optimum facade 

solution to reduce energy consumption and provide the best internal 

environment in terms of human comfort. Furthermore there has been a 

huge increase in the amount of sulfur oxides and carbon dioxide 

emissions as a consequence of the building energy demand. The UAE 

was listed as the number two country in terms of carbon dioxide 

emissions, with 40% of the yearly electric loads come from the HVAC 

(Heating, Ventilation and Air Conditioning) equipment and up to 60% 

during the summer season. Figure.1.1 shows the growth in electricity 

consumption in UAE has increased 12 times from (5 to 75 billion KW/h) 

over the past 25 years as mentioned by the International Energy Agency 

(IEA) 2009. 

 

 

Figure.1.1. The growth in electricity generation in UAE from 1971 to 2007. 

(http://www.iea.org/stats/pdf_graphs/AEELEC.pdf). 

http://www.iea.org/stats/pdf_graphs/AEELEC.pdf
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The harsh, hot climate in this region increases the difficulties and the 

challenge of adapting the buildings environmentally especially in terms of 

cooling and lighting under the extreme solar radiation and the high 

temperatures. The exterior temperature in this region can exceed 50 

degrees Celsius in the summer season which wastes a large amount of 

energy due to the increased cooling and lighting demands. In the UAE 

the rapid expansion of businesses illustrates the importance of improving 

the energy consumption of commercial buildings dramatically. The 

facades in office buildings have a very important role in terms of energy 

consumption. The amount of solar radiation penetrating the building 

through the glass exterior has a huge effect on the interior temperature 

which increases the need for air conditioning. From this point of view the 

designers must take into consideration these reasons carefully before 

starting to design the building façade in order to adapt the building to 

these harsh conditions. The possibility of controlling the penetration of 

daylight through the building skin could help to save a large amount of 

energy. Figure 1.2 shows that different sources of natural light can reach 

the building’s interior in two ways, direct solar radiation and diffuse solar 

radiation. The American Institute of Architecture (AIA) 

(http://www.aia.org) defines optimum shading devices that could be used 

to provide a building with protection from direct solar radiation and allow 

diffused radiation to penetrate the building. By reducing the amount of 

light entering a building it would be possible to reduce the energy 

consumption of the building. Researchers studied the effect of different 

design solutions for the building’s façade in order to find the optimum 

design strategy such as an external blind shading device, an interior blind 

shading device, overhang shading and different type of louver shading 

devices. 

http://www.aia.org/
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Figure.1.2. Natural daylight can reach the building interior by two main ways, 

direct solar radiation and diffuse solar radiation. (http://www.aia.org). 

 

Using external louvers as a shading device in the building can help to 

reduce the negative effect of solar radiation by ensuring the maximum 

amount of daylight reaches the interior whilst minimizing heat transfer in 

order to reduce the total energy consumption of the building by 

minimizing the use of artificial light. Palmero-Marrero and Oliveira, (2009) 

studied the feasibility of using external louvers in order to provide a 

sufficient amount of luminance from natural sunlight and minimize the 

use of artificial light to reduce the electricity consumption and reduce the 

need for air conditioning by avoiding the overheating caused by solar 

radiation. The study found that the total power consumption could be 

reduced as a result of reducing the need for artificial lighting. On the 

other hand the use of some form of light reflector could enhance the 

interior visual comfort condition by avoiding glare and controlling the 

quality and the quantity of natural daylight from the different orientations. 

The main purpose of using this innovative shading system solution in a 

bright lighting condition is to avoid heat and glare, thus reducing the 

energy demand.  

 

http://www.aia.org/
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1.2. The building skin: 

 

The basic premise of a building’s skin is to differentiate between interior 

and exterior environments and to provide privacy, security and protection 

from the elements. Hammad and Abu-Hijleh (2010) identified the main 

functions of the building skin as the following: 

 Protect the interior from physical environmental factors such as 

temperature, lighting, noise and inclement weather. 

 Sometimes working as a structural support.  

 Fire safety and security. 

 Energy conservation. 

 Aesthetics.  

In modern buildings the facade structure is built up of different layers of 

materials such as glass, aluminum, concrete, steel and wood. These 

layers perform different functions such as weatherproofing, isolation and 

transparency which is considered as the main difference between old 

building facades and modern ones, however the Modern facade consists 

in most cases of more than 60% glass, reaching 80-90% in some cases. 

These facade surfaces are becoming thinner, lighter and smarter than 

the old facade technology. Figure.1.3. Shows the use of glazing material 

as a curtain wall in some modern buildings in Dubai. 

Sutter et al, (2006) defined the importance of building skins in office 

building scenarios. The transparency between indoor and outdoor plays a 

very important role for healthy working environments by providing a good 

visual view and stable thermal comfort condition with the balance of 

quality and quantity of penetrated natural light. The penetration of natural 

light depends on the width, depth and height of windows, the type of 

glazing and the control element such as blinds, louvers or overhangs; 
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which has a direct effect on the building performance. Figure.1.4. 

Demonstrates the interaction between indoor and outdoor effected by 

building skin components. 

Figure.1.3. Percentage glazing in the building facade of some famous buildings 

in Dubai city, UAE : (a) world trade center (40%), (b) national bank of Dubai 

(80%), (c) IPM building (80%), (d) Fairmont hotel (70%), (e) shangrila hotel 

(50%), (f) century  tower (90%), (g) Chelsea tower (85%). (Aboulnaga, 2006). 
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Figure.1.4. The interaction between indoor and outdoor affected by building skin 

components. (http://money.cnn.com/popups/2006/fortune/future_tower/8.html). 

 

The facade color and material’s properties also have a significant effect 

in building energy performance and visual comfort. Kuhn et al (2010) 

listed the main factors that affect the performance of transparent areas of 

building envelope as the following: 

 The size of the glazed area. 

 The orientation of the glazed area with respect to the sun. 

 External obstructions from surrounding buildings or trees. 

 The glazing properties. 

 The properties of sun shading devices, and how they are operated. 

 

http://money.cnn.com/popups/2006/fortune/future_tower/8.html
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Bessoudo et al (2010) said that the success of a building’s envelope lies 

in maintaining the interior conditions without increasing the energy used. 

In this investigation the author considered the glass in a building facade 

as the most significant component of the building envelope in terms of 

human comfort and energy saving. However it must be said that comfort 

levels within a building can be altered by many different variables, 

including air temperature, air movement, humidity, a person’s metabolic 

rate and the amount of clothing worn. 

 

1.3. Office buildings energy efficiency: 

 

The effects of environmental factors such as temperature, humidity, solar 

radiation, and air movement have a significant influence on a building’s 

energy requirement. It can be concluded that excessive heat gain by 

solar radiation is one of the main environmental problems for buildings in 

hot humid climates. In most cases the solar radiation heat gain is 

extracted from the building by a mechanical HVAC system. The required 

cooling loads to maintain a comfortable internal environment combine 

with different factors to determine the amount of energy used in a 

particular building. The heat gain control is dependent on the rate and 

direction of the heat transfer across the building exterior. Office buildings 

are considered to have one of the highest energy consumption levels 

amongst buildings of this type. Juan, Gao, and Wang, (2009) estimated 

the annual energy consumption in office buildings varies between 100 to 

1000 KW/h per square meter. This energy consumption value depends 

on location, office equipment, users, operation schedule, building 

envelope properties and the lighting system in use. Juan, Gao, and 

Wang, (2009) mentioned that in the US 70% of the total energy 

consumed is for HVAC and lighting in office buildings with rates in the UK 

at 72%.  
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1.3.1. Energy efficiency and solar radiation: 

Solar radiation and natural daylight are the main factors affecting the 

building’s energy performance by controlling the thermal comfort, visual 

comfort and energy demand. However increasing the daylight, efficiency 

results in lower lighting electric and cooling demand (HVAC) electric load. 

Li and Wong (2007) illustrates the effect of optimum daylight design 

solution for the lighting and cooling electric demand in the office buildings 

reach 70% of the total electricity consumption. In addition to this the 

cooling demand is reduced when reducing the lighting generated heat 

gain. 

Li and Tsang (2008) demonstrated the main design principle that the 

designer should consider before starting to design buildings with high 

daylight efficiency as the following: 

 Facade glass type: the glass shading coefficient value controlling the 

amount and quality of the daylight penetrating inside the building. 

 Windows area: window size and shape have a significant effect on the 

daylight efficiency; their study showed that the window size should not 

be less than 1/10 of the indoor space area to provide enough daylight 

for the whole space. 

 Shading devices: shading devices help to avoid overheating by 

protecting the opening from the direct solar radiation and allow the 

diffused light to penetrate inside the building to enhance the natural 

light. 

 Leas span: the leas span is the floor plan depth to floor height ratio, 

which has a significant effect on the indoor luminance uniformity.  

 External obstruction: External obstructions influence the natural daylight 

by two main factors, the amount of the sky being obstructed or 

unobstructed and the color of the neighboring buildings. 
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1.3.2. Energy performance: 

Piper, (1999) cited in Chung and Hui, (2009) listed six main factors that 

influence the energy use performance in buildings. These factors are the 

people factors like occupants or indoor temperature set point, building 

type, occupancy factors, climate factors, building age factor, and energy 

end use system factor like office equipment or lighting control. 

Kofoworola and Gheawala (2009) investigated the life cycle energy 

assessment of a typical office building, The study has shown that simple 

energy efficiency and low cost energy demand were measured by using 

some design strategy like applying set point temperature close to the 

standard indoor room of 26°, applying shading devices, using 

appropriately sized windows, employing glazing with lower heat transfer 

coefficient and low solar heat gain coefficient. This design technique may 

reduce the energy consumption of office buildings during the operation 

time. 

 

1.4. Dubai office buildings scenario: 

The scale of office buildings in Dubai varies in size and complexity from 

big headquarters to small office buildings of different business types. 

Because of the high temperature and humidity here, full HVAC systems 

become the most common mechanism for residential and commercial 

buildings.  Al Sallal and Ahmed, (2007) noticed that 2200 Kwh/m2 is the 

amount of yearly solar radiation in UAE and the direct falling illumination 

can exceed 90000 lux in summer with 50° temperature which is 

considered as the second highest level in the world. On the other hand 

some common design practices and building component such as 

inadequate building form, shading devices, large area of glass windows 

or glass curtain wall. Expose the building to strong solar radiation and 
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high temperature making the cost of cooling buildings high. In 2003, 

Dubai municipality started to implement the building energy consumption 

regulation by enforcing Decree 66 which includes saving requirement, 

mainly insulation and glazing properties. In 2008 the ruler of Dubai issued 

a new decree implementing green buildings specification and standard in 

Dubai. However, the fast progress of business in Dubai has improved the 

energy consumption of commercial buildings dramatically.  

As has been mentioned by Dubai Statistics Centre that 39 high rise office 

buildings (purely commercial buildings) were built in Dubai from the 

period 1979 to 2010, however several mixed used buildings are not 

included in these statistics. This dissertation presents a general analysis 

for these 39 office buildings in Dubai in order to investigate the design 

characteristic for these existing buildings. The main aim of this analysis is 

to categorize all current modern office buildings in Dubai from 1979 to 

2010 to illustrate the basic building features which would effect on interior 

lighting comfort, heating and cooling loads such as facade orientation, 

facade materials, external shading devices used and building height. 

Some important facade features are not included in this analysis such as 

internal glass height, glass type, and shading coefficient value for the 

glass. Figure 1.5 shows the 39 office buildings pictures numbers of from 

1 to 39. Table 1.1 shows the building features in terms of building name, 

build year, number of floors, façade materials, glazing orientation from 

east west and south, and external shading devices used. 
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Figure.1.5. Office buildings built in Dubai in the period from 1979 to 2010 with 

listed numbers from 1 to 39. (Mix of personal archive 9/2010 and google earth 

photos). 
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Table 1.1. Dubai office buildings categorization by buildings name, build year, 

number of floors, facade materials, glazing orientations and external shading. 

z Tower name Year Floors Façade 

materials 

Façade glazing 

orientation 

External shading 

devices 
Glass Other East West South None Poor Exist 

01 Al Salam tecom tower 2006 46 55% 45% X - X X - - 

02 Dubai chamber tower 1995 18 98% 2% X X X X - - 

03 Etisalat tower 1992 17 *65% *35% X X - X - - 

04 Arbift tower 1982 23 *40% *60% X X X - X - 

05 ARY digital tower 2007 45 80% 20% X X X X - - 

06 Almas tower 2008 65 75% 25% X X X X - - 

07 Emirate telecom tower 2006 33 55% 45% X X X - - X 

08 Crowne plaza offices 1994 22 85% 15% X X X X - - 

09 Buhaleebah Tower 2005 28 80% 20% X X X X - - 

10 Dubai Islamic bank tower 2005 13 95% 5% X X X X - - 

11 Bur juman office tower 2005 28 90% 10% X X X - - X 

12 Al Moosa office tower 2001 30 95% 5% X X X X - - 

13 Index tower 2008 80 78% 23% X - X - - X 

14 Capital tower 2006 40 88% 12% X X X X - - 

15 Al thuraya tower 2006 30 62% 38% X X X X - - 

16 The gate tower 2004 15 65% 35% - X X X - - 

17 Shatha tower 2006 40 85% 15% X X X X - - 

18 City tower 1997 16 90% 10% X X X X - - 

19 Fortune tower 2006 35 97% 6% X X X X - - 

20 Bank Iran tower 2005 11 75% 25% - X X X - - 

21 Al rustamani office tower 2005 15 *77% *23% X X X X - - 

22 Convention tower 2003 14 65% 35% X X X X - - 

23 Green building tower 1999 17 90% 10% X X X X - - 

24 Al Reem tower 1995 25 45% 55% X X X X - - 

25 NBD tower 1998 20 80% 20% X - X X - - 

26 AU gold tower 2007 35 90% 10% X X X X - - 

27 Al Attar tower 1999 18 90% 10% X X X X - - 

28 Al Naboodah Tower 1999 17 85% 15% X X - X - - 

29 Twin tower 1&2 1998 22 80% 20% X X X X - - 

30 Emirates headquarter 2006 9 *85% *15% X X X X - - 

31 Pacific tower 2006 40 80% 20% - X X - X - 

32 Dubai world trade center 1979 39 40% 60% X X X - - X 

33 Emirates tower 2000 54 *80% *20% X X X - X - 

34 Oud Metha offices 2000 17 75% 25% X X X X - - 

35 Saba tower 2006 35 70% 30% X X X - X - 

36 One lake plaza tower 2007 40 85% 15% X X X X - - 

37 Silicon Oasis offices  2006 15 *80% *20% X X X X - - 

38 Indigo Tower 2007 35 65% 35% - X X - X - 

39 Business avenue building 2000 11 95% 5% X X X - X - 

(*) Estimated by the author.  (No external reference available).  
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Analyzing the data in table 1.1 the following conclusions and graph could 

be drawn: 

 Only 10% of these buildings did NOT use effective external shading 

devices and 17.5% with poor shading devices implementation, deep 

recessed window or overhang. 

 93% of these office buildings use 50% of the building facade as a glass 

curtain wall. 

 80% of these office buildings were oriented east, west and south with 

full glazed facades. 

 

 

Figure.1.6. The using of external shading and glazing façade in office buildings 

during the periods from 1979 to 2010.  

 

Figure 1.6 presents a lack of environmental design consideration which 

results in significant energy waste from the buildings. However there is 

no relevant building regulation referring to indoor luminance level, 

shading devices, glass type or building oriented for commercial building 

in Dubai. 

Initially in Dubai, there are no building regulations which address daylight 

energy conservation or energy efficient building in terms of daylight and 



16 

 

thermal performance. The regulations are improving gradually, due to the 

recent increase in the popularity of ‘green’ designed buildings. 
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2.1. Introduction: 

Solar radiation influences the building internal climate by directly heating 

the space through glazed windows and indirectly by heating the external 

envelop of the building. In the case of glazed windows or glazed curtain 

walls, almost all of heat radiation passes directly through the glass into 

the interior space where it becomes trapped by the greenhouse effect. 

These effects become a real problem if the glass is completely 

unprotected and exposed to direct solar radiation. The heat that is 

absorbed by the external envelops of the building also increases the 

surface temperature and induce conduction in to the internal space. In 

general solar shading devices are designed in order to exclude the 

unwanted direct solar penetration by protecting the exposed windows 

area of the building envelop and allow the diffused solar radiation in order 

to enhance the interior environment. Several studies have been under 

taken to test the energy saving effect of shading systems and the interior 

visual comfort in different areas. This review focuses on the studies 

related to the influence of shading devices on building energy 

performance and visual comfort. 

 

2.2. Shading device applications: 

There are many types of shading device applications available and their 

choices are depend on the requirement of each environmental condition. 

However there are three main common categories of shading devices for 

controlling the amount of solar radiation penetration through the building 

skin. 

2.2.1. Natural shading devices: 

The application of natural shading devices is referred to as the sensitive 

manner of shading buildings without altering the physical aspect such as 
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trees or vegetation and building orientation. However trees and 

vegetation have a significant role to play in shading a building facade 

especially in hot climate regions. Lam and Miller, (2007) reported that the 

shading performance of trees and vertical living plant canopy plays a 

major role in reducing summer overheating and are considered to be a 

bioclimatic design strategy. Moreover, the use of living plants in a certain 

way helps enhance the thermal effect and the air quality. Also, putting a 

living plant within the cavity of double glazing windows may reduce the 

excessive solar radiation during the summer season which enhances the 

indoor thermal comfort and helps reduce the cooling load in order to save 

energy. Lam and Miller, (2007) research investigated the effect of the 

vertical deciduous climbing plants canopy shading performance in an 

existing building that was monitored for two years, as illustrated in figure 

2.1. This study investigated the importance of the bio-shading effects 

which helped to avoid the urban heat island effect and was able to 

enhance the surrounding environment of the building. Moreover, the 

performance of the bio-shading improved the dynamic thermal comfort. 

But the main problem of this study was the shortage of existing 

methodologies and measurements techniques to estimate the bio-

shading performance.   

 

Figure.2.1. Vertical climbing plants canopy shading windows. (Lam and 

Miller, 2007). 
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The American Institute of Architecture (AIA) (http://www.aia.org) found 

that the natural environment can be used to shade the opining in low rise 

building. Deciduous trees can effectively shade the façade when 

avoidance is desired, and permit solar penetration where passive solar 

gain is sought. Vegetative shade also works well in all seasons. However 

in summer the trees can transmit as low as 20% from the solar radiation. 

Figure 2.2. Shows the vegetation shading effect in buildings. 

 

Figure.2.2. Vegetation shading effect on a building. (http://www.aia.org). 

 

2.2.2. Internal shading devices: 

The application of internal shading devices refers to the use of shading 

elements internally. Different types of internal shading devices are 

commonly used; such as Vientiane blinds, entrant louvers, curtain etc. 

Different studies have tested the performance of these internal shades. 

Bessoudo et al, (2010) investigated the indoor thermal environment of a 

fully glazed facade office building with different types of internal shading 

http://www.aia.org/
http://www.aia.org/
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devices under varying climate conditions in the winter season. This 

investigation illustrated the performance of using roller blind shade on 

clear winter days. The study showed the indoor thermal environment 

improved with the use of this type of shading. The use of Venetian blinds 

in similar climate condition, helped to enhance the indoor comfort thermal 

condition, assuming a certain tilt angle of the slats. Specifically, 

maintaining a horizontal position with tilt angle zero degree can still cause 

discomfort on the indoor space. On the other hand horizontal slat tilt 

angle with 45 degree has a significant effect on indoor thermal comfort. In 

addition to the facade orientation, building latitude and facade materials 

have a big role in this term. 

The interior shading devices used on a south facing façade with large 

window area has a significant effect on improving the interior thermal 

comfort for all window type except the double glazed reflected window 

type. This highlights the relationship between the windows type, glass 

properties and the shading devices performance, (Carmody et al, 2004 

cited in Bessoudo et al, 2010). 

Kang et al (2010) investigated the effect of thermal comfort control when 

using internal shading with regard to the energy saving potential in office 

buildings. This study indicated that thermal comfort control provides 

consistent thermal comfort and significant energy saving effect. In 

addition to this the study showed the change of the facade glass 

properties in order to control the indoor space thermal comfort could 

enhance the energy performance.  

Koo, Yeo and Kim (2010) proposed a new control method to control the 

automated Venetian blinds shading to maximize the benefit of daylight, 

avoid glare and to reduce the electricity consumption for lighting and 

heating energy. The new control method concept aim to protect occupant 

from direct sunlight and adjust their positions such as the lower end of 

the blind and the slat angles according to the hourly outdoor solar 
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position and predetermined control reference depth from a window in 

order to keep the outside view possible all the times with the 

consideration of office room size and occupants number and position 

from the windows. This investigation studied the solar azimuth angle on a 

horizontal plan view as figure 2.3 and the solar altitude angle on a vertical 

section view as figure 2.4 in order to find the best control strategy for 

Venetian blinds.  

 

 

 

Figure.2.3. Azimuth sun angle analysis with Venetian blind and occupant 

position, (a) control method for one blind with one controlled zone, (b) minimum 

and maximum surface solar azimuth angle in horizontal plan. (Koo, Yeo and 

Kim, 2010). 
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Figure.2.4. Latitude sun angle present the lower end of blind to block direct 

sunlight beyond the depth. (Koo, Yeo and Kim, 2010). 

This study resulted in a new method for blind control with maximum 

diffused daylight, full protection from direct sunlight and glare, for the 

studied cases. 

 

It’s very important to understand the different criteria which have direct 

and indirect effects to improve the office work environment. From this 

point of view Sutter et al (2006) focused on investigating visual and 

thermal comfort conditions by controlling the quantity and quality of the 

natural daylight from one orientation only. With the internal shading 

system, the blind shading system, the worker can enhance the interior 

environment. This experimental study investigated the user’s behavior 

and the physical parameters of daylight in eight offices with the same 

orientation. This field study resulted in developing a controlled algorithm 
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for using blinds and observed that some users were relatively consistent 

with their behavior when related to the visual environment in their offices. 

 

2.2.3. Exterior shading devices: 

For the purpose of this thesis, the application of fixed external louvers 

shading device will be the main concern. The application of external 

shading devices refers to the use of shading element on the outer part of 

the windows area in general these devices can be either movable or 

fixed. The design of the movable external shading devices does not 

affect shading devices efficiency as they always can be turned so as to 

cut off the sun’s rays; their efficiency is variable and depends on their 

position. On the other hand the design of fixed external shading devices 

has to exclude the sun rays from penetrating radiation through the 

shading. They can’t be adjusted according to the orientation of sun 

position. The effectiveness of a fixed shading device depends on its 

orientation, sun position in the sky and the device properties. In addition 

the success of  fixed shading devices has to be designed and located in 

such a way that while eliminating solar penetration and it should not 

adversely reduce the internal luminance in all the year seasons. Figure 

2.5. Illustrate the ideal basic shading strategy in different seasons. 



25 

 

 

Figure.2.5. Ideal basic shading strategy for external fixed shading device in 

deferent seasons. (http://www.aia.org). 

 

Hammad and Abu-Hijleh (2010) explored the energy saving potential of 

using dynamic external louvers shading system with the light dimming 

strategy in an office building in Abu Dhabi. The main goal of this study 

was to investigate the optimum angel of the dynamic louver shading 

system in office buildings for the south, east and west façades in terms of 

energy saving by reduce the cooling energy consumption and the lighting 

electric demand. This saving in energy happened as a consequence of 

taking the maximum benefit from the natural sun light and at the same 

time avoid the negative effect of the direct solar radiation like the 

overheat gain and glare. This investigation resulted that the energy 

saving value of using the light dimming strategy only from the south 

façade reached 24.4%, 24.5% from the east façade and 25.19% from the 

http://www.aia.org/
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west façade. In contrast by applying the dynamic louvers shading system 

with the light dimming strategy, the building energy saving reached 

34.02% from the south, 28.57% from the east and 30.31% from the west 

orientation. Moreover this study shows the optimum louvers angle for the 

different orientation in terms of energy saving, for the south horizontal 

louver the optimum angel -20 degree and for the east and west vertical 

louvers -20 degree to have the maximum energy saving. Figure 2.6. 

Shows the different louvers angles were tested by Hammad and Abu-

Hijleh (2010). In this study the researcher used a horizontal louvers in the 

south façade while vertical louvers are used in both east and west façade 

refer to the louvers configuration based on the daylight guidelines 

provided the building technologies department at the Lawrence Berkeley 

National Laboratory. Offices that accommodate medium density 

occupancy were modeled to this test. Two work station with tow 

computers of 370 (w) and two workers with maximum sensible gain 90.0 

W/ person. The HVAC system was worked continuously to maintain the 

interior temperature of 24° with room infiltration rate 0.25 air changes per 

hour. Lighting system was designed to work all the weekly working days 

from 07:00 am to 07:00 pm to provide, in addition to the natural daylight, 

internal luminance level of 500 Lux based on IESNA standard.  The main 

variables studied in order to test louvers performance were the following: 

 Position of lighting sensor, the researcher test the lighting sensor 

performance in tow distance from the window 2 meter and for 

meter passed in ceiling level. 

 Two glass shading coefficient were used in this test, 0.41 and 

0.746. 

 Slat tilt angle of louvers. 

 Building orientation. 
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Figure 2.6.  Different louvers angles were tested in this thesis. (Hammad and 

Abu-Hijleh, 2010) 

Colline et al (2007) found that the use of the external rotatable louvers 

shading system in the building façade had a significant efficient in energy 

saving with the consideration of the louvers materials, louvers angel, 

louvers position and the glass properties. James and Bahaj (2004) 

studied different façade solutions for office buildings in order to provide a 

comfortable working environment by avoiding the negative impact of the 

solar radiation; solar glare and excess overheating by reduce the heat 

gain. There study investigates the efficiency of different solar gain control 

options to reduce the overheating and to avoid glare at the same time in 

office buildings. The possibility to control solar gain problem by different 

design solutions such as window film, fixed external louvers and smart 

glazing solution. However the researcher identified the possibility façade 

solutions to three different distinct types first the mechanical solution 

such as the air conditioning system and the forced air convection but the 

disadvantages of this type of solutions the higher cost, consume a large 

amount of electric, and the significant environmental impact. Second the 

glazing solutions like window film, E-chromic glazing or Holographic 

Optical Elements (HOE) system these types of façade strategy provide a 

sustainable solution but it has a limited performance in some cases and 

some conditions. Third the shading device system such as fixed louvers 
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shading system and the external motorized blinds, these innovative 

façade solutions in some optimum way help to reduce the building energy 

demand and provide a healthy environment solution. Figure 2.7 shows 

the three façade solutions. 

 

Figure 2.7. The three main solutions studied by James and Bahaj (2004). 

James and Bahaj (2004) found that the horizontal fixed louvers above the 

window reflect the direct solar radiation away from the window glass 

which avoid glare effect and at the same time allowing the diffuse light to 

penetrate inside the interior space with 500 lx luminance in minimum to 

reduce the need of the artificial light, however the relationship between 

the louvers blade and the sun azimuth. Moreover the horizontal fixed 

louvers system allows maintaining the full window view which considered 

as an important point for the healthy working environment.  

Palmero- Marrero and Oliveira (2009) mentioned that the louvers shading 

system allowed the air to penetrate through the glass and the shading 

component to absorb the solar heat gain. This effect on the fully shaded 

façade could reduce the solar heat gain by around 80%. The louvers 

shading system simulation test shows that using of louvers shading in 

building façade help to provide an indoor thermal comfort and it has a 
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significant energy saving in terms of cooling energy load. This studies 

used horizontal louvers (overhang type) for the south façade and 

horizontal louvers with vertical layout for the east and west façade. 

Initially the simulation used one building form with a floor area of 120 

square meters with four facades. Large windows in the south façade and 

smaller ones in east and west facades. All the windows had double 

glazing glass with a U-value of 3.21 m/m2K and a g-value of 0.72 

m/m2K. The simulation for all the regions used the same building 

geometry. The louvers in the south façade were placed as horizontal 

overhangs while those in the east and west facades were fixed in front of 

the windows and parallel to the façade. Figure 2.8 shows model 

geometry and the louvers installation in different facade. The relationship 

between the height of the windows and the width of the louvers was 

considered. The louvers were made of aluminum sheets each 0.25m 

wide. Other input data were also considered like the infiltration rate, 

which were 0.6 air changes per hour, internal gain of four persons and an 

artificial lighting of 5w/square meters. The occupants were present from 

8am to 6pm with the exception of weekends. The building cooling loads 

for the indoor temperature ranged between 25-20 degrees for all 

seasons. Finally the simulation was extended throughout the whole year, 

from November to April for cool season and May to October for hot 

season. The result shows also the performance energy saving of the 

louvers shading effect depend on the location conditions, louvers 

inclination angle, the window, number of louvers, spacing between 

louvers, position above the window, and louvers area. All these 

parameters had a significant effect to increase the performance of energy 

saving.  
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Fig.2.8. Model geometry and the louvers installation in different facades (a) East 

and West louvers installation, (b) South louvers installation. (Palmero-Marrero et 

al 2009). 

 

Baldinelli (2008) investigated the performance of office building energy 

for the double skin façade with a movable integrated shading system. 

This study shows a good energy performance of this system for the both 

seasons in summer and winter with the comparative the building façade 

without movable shading system as a consequence of overheating. The 

simulation energy analysis illustrated the importance of the shading 

component material properties; however the high reflective shading 

device has a significant effect in summer season by avoiding extremely 

heat gain and to enhance the interior space in winter. The simulation 

result showed also the exterior thermal performance of this movable 

shading system in three different louvers configuration closed natural 

convection, open natural convection and forced convection had a 

significant thermal effect especially in summer by allowing the cool air to 

penetrate through the air gab between the shading component and the 

glass skin which led to absorb the heat gain from the building body as 

shown in figure 2.9. On the other hand the positive thermal performance 

of this shading system in winter by closed the shading component. 

Moreover the result showed the amount of saving energy for the double 

skin façade with integrated movable shading system up to 60 kWh per 
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year per façade square meter when comparing this test with classic 

façade system with fully glazing or with opaque wall façade.        

 

 

Fig.2.9. Movable shading system in three configurations as a thermal solution in 

hot season, (a) closed natural conviction, (b) open natural conviction, (c) forced 

conviction. (Baldinelli, 2008). 

 

Freewan et al (2008) studied the interaction between external louvers 

and the interior components like the ceiling geometry to increase the role 

of this shading system in terms of natural lighting. However the building 

energy cold reduced as a consequence of modifying the louvers 

parameters and ceiling geometry by taking the maximum benefit from the 

natural daylight in order to reduce the artificial light electric demand and 

at the same time to avoid the artificial light heat produced. The 

experimental study showed the significant performance effect of louvers 

by modifying the ceiling geometry in terms of visual comfort and 

luminance level which reduced the need for the artificial light. However by 

modifying the ceiling geometry the louvers shading system increased the 

luminance level in the deep space and reduce the luminance level in front 

of the window through all the year time which helps to reduce large 
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amount of lighting electric energy consumption and avoid the heat 

produced by the artificial light component. The result also showed the 

relationship by the louvers width and lovers tilting with the daylighting 

performance. Two scaled physical room models were constructed with 8 

meter width, 6 meter length and 3.25 meter height. Both models were 

equipped by the louvers shading system. One of the rooms was 

constructed with flat ceiling and the other one with a curved ceiling. The 

two models were constructed using 1.2 mm thick plywood. The walls and 

the ground were covered with sheets that had a reflectance value of 71% 

and 35% respectively. The ceilings were constructed using a material 

that had a reflectance value of 81%. The windows were facing the south 

orientation with 5 meters length and 1.4 meters height, 90 cm sill height 

and 88% glass transmittance value. The horizontal louvers were 

constructed from 1 mm aluminum sheets with 81% reflectance value as 

figure 2.10. The louvers were generally fixed along the windows height 

with 30 cm distance between each louver. Eight luminance sensors (four 

for each model) with direct connection to the computer to store and 

analyze data were used to measure the interior luminance condition. 

Furthermore the models were tested under an artificial lighting in the 

laboratory in order to explore the model performance. But the real test 

was in Jordan under the real sky condition (clear sky condition) with daily 

measurements from 10am to 4pm during periods from March to October. 
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Fig.2.10. Ceiling geometry shape with louvers shading models, (a) Virtual model 

test, (b) physical model test. (Freewan et al, 2008). 

 

Tzempelikos et al (2010) studied the interior thermal comfort in office 

buildings on a varying exterior climate conditions, glazing properties and 

shading devices. This study shows that the buildings envelop with high 

performance facade glazing and shading materials can enhance the 

indoor comfort conditions. In addition to this the shading manage strategy 

had important role in this terms.  

Aghemo et al (2006) explored the optimum solution of using the shading 

devices in order to improve the indoor and outdoor environmental quality 

and at the same time to take the maximum benefit from the daylight in 

order to reduce the total energy consumption of the building by 
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minimizing the use of the artificial light. However, the evaluation and the 

comparison between different internal and external shading systems 

were used on the building façade of simple high-school classrooms in all 

daylight time as figure 2.11. This simulation was done by testing a scaled 

model of the building under an artificial sun and artificial sky, which would 

allow the artificial sun light to get inside and outside the model in order to 

find the optimum design solution. The result of this research, using some 

shading devices like the internal and the external light shelves in certain 

configuration can produce a high illuminance and contribute to increase 

the daylight penetration into the deep plan which can help reduce the 

artificial light electricity consumption for the whole building and at the 

same time helps avoid the causes of visual discomfort like glare effect. 

 

 

Fig.2.11. Different shading system applications were tested by Aghemo et al 

(2006). 

 

Ho et al (2008) studied the effect of the sun-shading design in subtropical 

regions (Taiwan). This investigation studied the feasibility of fixing a 

shading device (four different shading devices with different luminance 

properties) in the classroom windows in order to provide the sufficient 
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amount of luminance from the natural sun daylight or at least to minimize 

the use of the artificial light inside of the classroom. As a result, the 

artificial light power cost will be reduced which can help save the total 

energy consumption from the lighting power cost. Moreover, the total 

power of cooling loads could be reduced as a result of reducing the heat 

produced from the artificial light. An experimental measurement method 

was used by installing a number of photometer measurements in the 

classroom and the classroom was exposed to a natural daylight from one 

side only (southeastern). The investigation aimed at testing the different 

shading devices which were fixed in the southeastern façade windows as 

illustrated in figure 2.12. 
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Fig.2.12. Different Sun-shading designs were tested: (a) single shading, (b) twin 

shading, (c) double-layered shading, and (d) double-layered shading with single 

vertical element. (Ho et al, 2008). 

 

 The illuminance condition was measured at the tabletop level which is 

72cm high using a nine channel photometers with an accuracy of 2%. 
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The photometers were arranged in a rectangular array (15x9) with 9 

columns and 15 rows with 80cm distance between each row and column. 

Finally the calculation process took around 15 min to record several 

measurements to ensure the reliability of the results. The study resulted 

that (the classroom lit from one side only by natural light) showed that it is 

possible to enhance the luminance condition by the natural light with 70% 

energy saving from the total lighting energy consumptions. This would 

occur by fixing a double layered sun shading with a single vertical 

element with a height of 240 cm, a width of 40 cm and a vertical element 

length of 40 cm in the windows. 

 

Meng and Zhang (2006) were investigated the effect of the roof shading 

devices as shown in figure 2.13 in hot climate region to reduce the 

building temperature through the effect of the dark shadow which 

reduces the energy consumption as a consequence. Different varying 

factors were considered in the tested analysis like the current sky 

condition, sun position, calculation point, location and size of shading 

device. All the measurements were taken on the 21st of every month in 

order to evaluate the whole year shading effect. Some constant factors 

were also considered like the shading structure shape and distance 

between two shading blinds and so on. The visual shade (VS) calculation 

computer software was used to calculate the direct solar radiation 

transmittance in order to evaluate the shading effect. Finally, the field 

temperature measurements for shaded and unshaded areas were used 

in test. This study illustrates the relationship between the architecture and 

the climate. However in winter about 80% of the solar radiation can reach 

the building roof surface which is good to reduce the cold temperature 

but in contrast, in summer about 85% of the direct solar radiations were 

shaded by the roof shading device to enhance the indoor and the outdoor 

thermal comfort which help to saving large amount of energy 

consumption. 
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Fig.2.13. Rooftop shading application, (a) existing photo, (b) dimensions of roof 

shading device. (Meng and Zhang, 2006). 

 

Moeseke et al (2005) investigated the impact of management strategies 

for external mobile shading and natural cooling ventilation systems in 

order to find the optimum solution to save building energy. The authors 

focused in this study to find methodology of the management strategies 

for external mobile shading. An office room with a total area of 19 square 

meters. The external walls had 40% glass; the glass thermal conductivity 

was 2.95 W/m K and a shading solar factor of 0.77, while the thermal 

conductivity for the window frame was 6.49 W/m K with a glass ratio of 

0.3. Two sets of shading simulations were used in this study. In the first 

set the shading device was an exterior screen with two positions: closed 

(glass fully shaded) or opened (glass fully exposed) with a glass solar 

coefficient of 0.11 in both cases. In the second set the shading device 

proposed the overhangs shading system as can be seen in figure 2.14. 

The room thermal mass and temperature were also considered, a 

supposed internal gain of 35 W/m, two people (70 W for each), computer 

equipments (100 W), printers (14 W), internal lighting gain of (10 W/m2) 

and a 0.7 simulation factor was applied to all internal gains. Finally, the 

time of the simulations was from 8am to 6pm during all week days. The 

aim of these simulations was to investigate the efficient shading control 

that would reduce summer heat gain to enhance the interior temperature, 
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and at the same time maximize the outer visual views without glare effect 

in order to have a comfortable working area and save the maximum 

energy. From the study result it can be noted that control modes for the 

shading devices can reduce the negative effect of the solar radiation 

especially in summer. The use of both shading systems (exterior blinds 

and overhangs) with the optimum management could be more effective if 

the year time (summer or winter) was considered before installing a 

shading device system. 

 

Fig.2.14. Model geometry and dimensions. (Moeseke et al, 2005). 

 

Chen et al (2005) investigated the shading device performance that 

increased the preserved heat effect in a passive solar house in China 

during winter by installing a shading device in an air gap within a trombe 

wall to reduce the heat loss at night as been shown in figure 2.15. This 

would happen by opening the shading device at day time to allow the 

black massive wall to absorb the solar heat and closing it at night time to 

minimize the heat loss from the wall. two existing rooms were used in this 

study. One was used as a reference room and the other was used as a 

test room. The two rooms were divided with a 100mm thick Styrofoam 

panel, which made the volume of each room 3.9m (long) X 3.9m (width) 

X 2.7m (height). South facing concrete walls was constructed behind the 

double glazing windows to create the air gap. Light color shading devices 

were installed in the air gap to avoid overheat in summer and enhance 
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the thermal performance in winter. Four rectangular vents were located in 

each of the massive walls; two at the top and two at the bottom. An 

external black wall with 300mm thick cinder and 100mm thick Styrofoam 

panels was constructed. A ceiling was made from 80mm thick concrete 

and 100mm thick Styrofoam panels. The measurements’ recordings 

carried out from Feb 12-16 2004. In this investigation the main 

parameters measured were exterior and interior surface temperature of 

the massive wall, outer and inner temperature of the glazing, air 

temperature in the gap, outdoor temperature and solar radiation. Data 

were received every 10 min and then sent to the main computer so that 

they could be stored and analyzed as data-logger. Climate data like: wind 

speed, wind direction, relative humidity and temperature were considered 

and collected every 10 min. Hourly solar radiation accumulative value 

was measured by a computer software. Finally, all of this data were 

analyzed through computer mathematical operation according to the 

weather. Hence this study investigates the thermal performance of a 

trombe wall provided with a shading device placed inside an air gap 

during the night time. In General the results showed that the use of a 

shading device in the air gap in the trombe walls enhanced the thermal 

performance of the massive wall. Using a shading device can reduce the 

heat loss during the night time in winter with the optimum shading control 

from 20%-40% which enhances the indoor thermal performance.   

 

Fig.2.15. Schematic diagram of the structure and locations shading device of 

the Trombe wall. (Chen et al, 2005). 
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All of these studies and more reflect the range of importance and the 

efficiency of this façade technology in the modern building. In a country 

like the United Arab Emirates the needs of such sustainable innovative 

solutions to save the energy consumption and reduce the CO2 emission 

become as a main demand by the time, this is because of the limited 

renewable source in this area, however the short virtual life of the classic 

source of energy the fossil fuels and the negative environmental impact 

of burning this energy.  

 

2.3. Aims and objectives of this research: 

 

The main aim of this thesis is to investigate the effectiveness of louvers 

solar shading devices for office buildings in UAE climate and to propose 

shading design guidelines and recommendations to improve the energy 

performance. Offices building facade with external louvers shading 

system and some natural daylight strategy integrated with light dimmable 

system present significant opportunities of saving energy and provide a 

comfortable working environment. The main aims and objectives of this 

study are: 

1. Analysis of the office building energy saving in different proposed 

strategies and demand control potential by using a simplified model that 

considers the orientation, weather condition, the interior component, the 

louvers properties, the natural lighting performance, the HVAC demand 

and the electric performance. 

2. Investigate the different of energy performance in office buildings 

façade with the base case scenario and shading installation scenario. 

3. Investigate the optimum louvers shading design in terms of energy 

saving in this area: 
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 The optimum performance for the louvers ratio between louvers 

width and lovers spacing. 

 The efficiency of using semitransparent materials in louvers plat. 

 The effect of the louvers color material properties in energy 

performance. 

 The optimum positions and configuration of the louvers shading 

system. 

 The energy performances of using different louvers slate tilt 

angles. 

 

4. Investigate the effect of the louvers properties in energy performance 

during the different four seasons. 

5. Investigate the external louvers energy saving performance for the 

South, East and West scenario. 

Moreover the study aim to identify the office buildings efficiency to 

enhance the building façade in order to save energy and to validate the 

best methodology in order to test the feasibility to implement the optimum 

design strategy in this term. 
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Chapter 3: Methodology. 
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3.1. Selection and justification of the method chosen: 

Many research methodologies were used to test the performance of the 

shading device. Each of these methods has negative and positive 

features. In the past the researchers relayed on manual tools with 

mathematical calculations to assess the shading performance. But 

nowadays modern research methods has been applied with different 

technologies and with a high accurate results such as the laboratory 

scaled model simulation, filed experimental measurement, computer 

simulation method and the computer mathematical calculations method. 

In order to select the suitable research method for this study brief outline 

for the advantages and disadvantages for each methodology will be 

explored: 

3.1.1. Laboratory scaled model simulations: 

Laboratory simulation is one of the widely used methods for shading 

testing. The small light wavelength made the behavior of light inside 

model at certain scale noticeably different to its behavior in the real 

space. Scaled model is give clear idea for researcher about what is 

happening in the design. This is very important to insure researcher's 

satisfaction about design outcome. Testing under artificial sky dome has 

very major advantage over real sky for ability to control sky conditions. 

The artificial sky can model different conditions by adjustable laminar 

around the domes frame in any location at any time during the year. 

Figure 3.1 shows artificial sky dome with scaled model used to test the 

shading device performance. Aghemo et al (2007) used the laboratory 

simulation as a research method to investigate and analyze the effect of 

daylight on a building by testing different shading systems. This 

simulation had been done by testing a scaled model of the building under 

an artificial sun and artificial sky, which would allow the artificial sun light 

to get inside and outside the model in order to find the optimum design 

solution. This method allowed the researcher to analyze and investigate 
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in a three dimensional model with the same natural conditions and 

material properties. Also, the simulation of the scaled model under the 

artificial sun and sky gave the opportunity for the real materials to be 

used and allowed having the real environmental conditions. However, 

there were some problems with this method, especially with the physical 

model and the materials cost. There are different types of artificial sky 

that can be used in this method, with different properties for each one 

such as the mirror sky, dome sky and the spot light sky or the scanning 

sky simulators. In this research they used the scanning sky simulator 

which gave more flexibility to the study. As been noted by  Aghemo et al, 

(2007) there is some disadvantage points in this method related to the 

cost of the artificial sky, the physical model cost with the materials, the 

time need to model detailed complex buildings and the obstacle of 

scaling some innovative materials. 

 

 

Figure 3.1. Artificial sky dome with scaled model used to test the shading device 

performance. (Aghemo et al, 2007). 
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Freewan et al (2008) used the laboratory experimental study on a 

physical model for testing due of the accurate results. The researchers 

used two different research methodologies in order to compare them and 

reduce errors to achieve the reliable results. The researcher used the 

laboratory simulation with a physical scaled model and the computer 

simulation with a virtual one. The objective of the physical experimental 

study is to provide data of the material and the real sky condition 

properties for the computer study to assess the ceiling geometry with the 

louver performance. Another objective of the physical experiment was to 

verify and validate the computer simulation. 

 

3.1.2. Field experimental measurement: 

The field measurement investigation aim to collect data of shading effect 

from the experimental site or the selected built area, shading 

performance through use the effect of shading device on sun solar 

radiation. But also there are some shortages with this method as the 

following, the availability of some technologies equipment, the 

measurement time (taking a yearly measurement sometime), the difficulty 

to use this method in some experimental area and the highly cost of 

measurement equipment. Ho et al (2008) used two different 

methodologies in order to compare between them (the computer 

simulation and experimental measurement) and validate the simulation 

methods. The experimental measurement method was used by installing 

a number of photometers measurements in the classroom as been 

illustrated in figure 3.2. 
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Figure 3.2. (a) Illumination measurement positions in model classroom. (b) 
Photograph 

Showing single row of multi-channel photometers meters in one row of 
Measurement array. (Ho et al, 2008) 

 

Sutter et al (2006) used the experimental field measurement study as a 

research method. He selected eight individual offices in one building, all 

of them with the same orientation, facing South East façade. The offices 

equipped with manually remote controlled black blinds because the black 

color offers a wider range of transmittance than lighter colors. In these 

offices the workers were two men and six women and 70% of the work 

was in front of the computer.  The measurements were taken every 15 

min during the work time within a period of 30 weeks. The measurements 

were collected for the following data:  

 The vertical global outside illuminance (measured from the window 

surface). 
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   Measured the illuminance on the top of the computer screen (by 

measurement sensor). 

 The accurate position of the blinds (the angle of the slats and 

height above sill). 

 The state of the artificial lighting (on/off). 

 The indoor temperature. 

 

The blinds were fitted with the encoding motors with direct connection to 

the central computer to analyze the data of the blinds position. 

Illuminances were measured by different measurement sensors and 

other sensors placed in the ceiling to record the artificial light state and 

the environment temperature. Finally in this experiment they used a 

digital camera with calibrated illuminance.  

 

3.1.3. Computer simulation: 

Computer simulations give very wide options for changing parameters 

and study shading effect and daylight in different locations. Simulations 

calculate quantity values like illuminance and thermal heat gains. Results 

can be presented by different outputs as real image, false color mapping 

or presenting values in numeric numbers. From the different articles 

analysis the researchers were used different software programs to 

simulate the shading effect like: TRNSYS, REDIANCE, and LIGHTSCAP 

moreover there are new software has been used with strong 

recommended and validity from several researchers like: IES-VE, 

ECOTECT 2010 and 3D MAX DESIGN. The computer simulation allow 

the researcher to investigate the lighting factors, shading factors, thermal 

factors and any environmental factors in any latitude, under any condition 

and at any years periods. Moreover the simulation time is shorter than 

any different methods. From all above the advantage of using the 

computer simulations has been illustrated in these points: Saving time, 

saving money, possibility of simulating in any latitude, possibility of 
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simulate in any sky conditions, providing all the climate data with any 

periods, possibility of using any materials properties, validity, widely 

options for changing parameters, Possibility to simulate the large scale 

model like (urban scale) and availability.  

Hammad and Abu-Hijleh (2010) used the computer simulation as a 

research method in order to explore the influence of the external dynamic 

louvers shading system on the energy consumption for office building. 

The researchers were investigated the energy saving effect of using the 

dynamic louvers by using the integrated environmental solutions-virtual 

environment (IES-VE) software simulation due the wildly advantages of 

this method like the availability, the development of robust advanced, the 

flexibility of environmental control and the time saving. But on the other 

hand the computer simulation needs high validated software and a 

proficiency of the user of this software.  

Ho et al, (2008) used computer simulation methodology by used 

LIGHTSCAP illuminance simulation software. But there are two different 

luminance estimating techniques which are usually used in the software 

simulation, the (radiosity) technique and the (ray-tracing) technique. In 

the radiosity technique the interior area is divided in to a mish with certain 

number of ordinate, each ordinate is considered to be a lamb reflector 

with constant luminance and each ordinate receives and reflects light in 

the space. The whole process kept continuing until all of the reflected flux 

was absorbed. This technique could model uniform standard overcast 

sky, clear sky or without sun condition. Finally, it should be noted that 

radiosity algorithms cannot have an accurate simulation for the reflective 

surfaces. In contrast, the ray-tracing technique gives a simple estimating 

luminance condition in the space. In the ray-tracing technique the ray 

emitted from the light source is traced from the surrounding surfaces. 

This way excels in the rendition of light source point, reflection and 

refraction effect. But in this technique the calculations are dependent only 

on the geometry of the environment. The LIGHTSCAP software uses 
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both estimating techniques that are used to estimate luminance condition 

in this research. However, this software allows the researcher to estimate 

the effect of the natural daylight and the artificial light by applying these 

light factors to a virtual scaled model of the building with certain 

properties for all objects. The calculations in this software assume a 

virtual environment condition under a virtual modeled dome sky with the 

same real condition properties. 

Freewan et al, (2008) used the REDIANCE computer software as a 

computer simulation methodology, this software used both calculation 

techniques (radiosity and ray tracing) REDIANCE is an artificial light and 

daylight calculation, visualization and analysis program, and it can easily 

deal with the complex building form under the clear sky or the overcast 

sky conditions. First, the virtual models of the two rooms were created 

using AutoCAD software with adding all the materials. The computer 

simulation was carried out through the same time. Finally the output 

results of the computer simulation were similar to the experimental 

results; therefore the REDIANCE software can be used in any light 

simulation with high validity and accuracy. 

Palmero-Marrero and Oliveira (2009) used the computer simulation only 

as a research method. The main goal of this research is to test the effect 

of louvers shading system performance on the building by estimating the 

building energy consumption for the same building geometry under 

various climate conditions. Initially the simulation used one building form. 

The (TRNSYS 16) simulation programs were used to create the building 

model and the final simulations. The climate data were obtained through 

METEONORM program, which was provided by TRNSYS. TRNSYS type 

65 was used to define the geometry and material properties.  

James and Bahaj, (2004) used the computer simulation method to study 

the smart glazing solutions to glare and heat gain, this study used the 

TRNSYS software programs in order test the efficiency of different 
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façade solutions (mechanical, glazing solution or shading solution) in 

terms of avoid glare and reduce heat gain. 

Moeseke et al (2005) used the computer simulation to analyze the 

shading effect in this article. The numerical dynamic simulations then 

used the TRNSYS 16 computer software to test the external blinds and 

overhangs shading performance. The impact of the shading devices 

management was examined in the TRNSYS 16 with long term weather 

data. 

Al-Sallal (2006) tested the glare effect in universal space design studios 

in Al-Ain UAE. The researcher used the experimental methodology with 

the computer simulations method in order to test the glare effect by used 

the ECOTECT software programs with RADIANCE software program. 

The study aim to investigate the optimum position of shading reflector to 

avoid glare and enhance the interior space. 

 

3.1.4. Computer mathematical calculations: 

These methods were using the computers mathematical formulas to test 

shading in the space. Usually the researchers were used this way instead 

of the manual calculations. Meng and Zhang (2006) used the visual 

shade (VS) computer software in order to calculate the direct solar 

radiation transmittance in order to evaluate the shading effect. The 

importance point of this method is the researchers always need some 

measurements parameter from the experimental site to complete the 

formulas data.   

Collins et al (2007) studied the effect of heat transfer for fenestration with 

between the glass louvered shading by used the numerical mathematical 

calculation method. 
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3.2. Conclusion: 

In summary, methods of testing shading effect varied from the past 

integrate many types of classical mathematic, model types and 

simulation software. All the new technologies has been considered an 

important tools with high accurate results, moreover the different 

methodologies supports each other’s by comparing the final output for 

each of this methods. From all this data it can be said that the best 

investigation research methods nowadays is the computer simulation 

method. Because of the wildly use of this methods from most of the 

researcher, the advantages of usability and the software update which 

enhance the simulation process. Some researchers used two or three 

methods in one investigation in order to validate the output results, which 

is very important in some area studies. The advantages and 

disadvantages for any methods are depending on different characters for 

the analysis process like: The accuracy of the output data, the total cost 

of this process, the remaining process time, tools availability, options and 

validity. 

 

 

3.3. Selected methodology: 

Based on the above comparisons, the computer simulation method will 

be used to test the optimum external louvers shading design in terms of 

energy saving and the glare effect. This method chosen due a number of 

the advantages of the computer simulation method as the following: 

 Saving time. 

 Saving money. 

 Possibility of simulating in any latitude. 
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 Possibility of simulating in any sky conditions. 

 Providing all the climate data with any periods. 

 Possibility of using any materials properties. 

 Validity. 

 Widely options for changing parameters. 

 Possibility to simulate the large scale model like (urban scale). 

 Availability 

In addition, the wildly recommended from the researcher of using the 

computer simulation in all the similar topics and the accurate result of this 

method, but with the consideration of selecting the best software program 

and the proficiently of the user. 

 

 

 

3.4. Selected computer software (IES-VE): 

Crawley et al, (2008) conducted a comparison of the features and 

capability of twenty major building energy simulation programs. Table 3.1 

illustrates an overview of tool support for solving the thermo and physical 

of zones for different twenty simulation programs. 
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Table 3.1. Overview of tool support for solving the thermo and physical of zones 

for different twenty simulation programs. (Crawley et al, 2008) 

 
 

 

Refer to Table 3.1. The IES-VE software achieved a high score as 

comprehensive environmental simulation software. 

The IES <VE>  is an integrated suite of applications linked by the 

software interface and single integrated data model include (Crawley et 

al, 2008): 

 

 Model IT- geometry creation and editing. 

 Apache Calc- loads- analysis. 

 Apache Sim- thermal. 

 Macro flo- natural ventilations.  

 Apache HVAC- component- based HVAC. 

 Sun cast- Shading visualization and analysis. 

  Micro flo- 3D computational fluid dynamics. 

 Flucs pro/ radiance- lighting design. 

 DEFT- model optimization. 

 Life cycle- life- cycle energy and cost analysis. 



55 

 

 Simulex- building evacuation. 
 
The program work with the building geometry as input and uses 

international data on climate conditions and the typical characteristics of 

different buildings components, zones and operational system in order to 

provide feedback on the building energy consumption and carbon dioxide 

emissions. IES released the VE-toolkits which intended specifically to be 

used by architect for early design decisions in order to asses the building 

energy performance. The <VE> toolkits include tools for analyzing 

building energy consumption, carbon emissions, LEED daylighting, Solar 

shading, and artificial lighting. However it integrated around a central 3D 

virtual model that can be connect directly with different common software 

like sketchup,  Revit, and other 3D design tools via the *.gbxml  format. 

See figure.3.3. 

 

 

 
Figure.3.3. The IES product family, showing new and existing product and how 

they work with an integrated data model that be input directly from popular CAD 

and BIM application. (www.iesve.com). 

 

 

Moreover the IES offers the same ease of use and quick feedback 

capabilities as the VE-Toolkits, but also provides users the ability to input 

exact building data and manipulate models. Smart navigation that 

includes analysis workflows for varied sustainable design tasks such as 

http://www.iesve.com/
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climate review, availability of natural resources, building metrics, 

materials use, water usage, energy/carbon, daylighting/solar, 

renewable/low carbon technologies, occupant comfort, passive design 

strategies, and others. (www.iesve.com). 

 

3.5. (IES-VE) validation: 

 

The validity of IES-VE software concerns the computer simulation to real 

results. This software has been validated and approved from different 

environmental authorities such as the American Institute of Architecture 

(AIA), Communities and Local Government (CLG) and Energy Balance 

Evaluation (EBE). For more information about this environmental 

software and its validity visit the IES-VE website www.iesve.com . 

Moreover the model was reviewed by IES technical group and other 

professional software users during different sessions. 

 

 

 

 

 

 

 

 

 

 

http://www.iesve.com/
http://www.iesve.com/
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Chapter 4: Simulation Model 
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4.1. Introduction: 

 

High rise office buildings in Dubai gradually become a tendency for 

modern architecture and all of them are encouraged to be built with 

reinforced concrete as a building structure. Meanwhile, glass curtain 

walls also become one of the most popular façade construction materials 

in many high rise commercial buildings in order to have a modern, 

elegant and stylish building.  In Dubai office Building scenario most of the 

buildings were built by using the modern construction materials which are 

commonly used in UAE. This simulation study will take one of the typical 

high rise office building in Dubai with the consideration of the existing 

building parameters and the current construction materials properties. 

The following part consist of a description of the chosen existing office 

building as well as the construction materials properties.   

 

4.2. Building description: 

 

Saba office tower is an ideal existing case study due the building 

parameters, building orientation, construction materials and building 

layout features. Main curtain glazed façades were constructed from the 

all building sides as described below in figure 4.1. The building contains 

36 floors, located in the Jumairah Lake Towers (JLT) in Dubai. This 

building plot size is similar to the typical plot area, however most high rise 

buildings footprints in this area are approximately 35mX40m. The 

building plan contain a central core consist the stair cases, building 

services and elevators with diminution of 9mX11m as figure 4.2. The 

tower has a total structure height of 150m. The ground floor have a 

maximum of 4 office units per floor, floors 1 to 15 have a maximum of 6 

office units per floor, floor 16 to 30 have a maximum of 4 units per floor, 
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while floors 31 to 34 have a maximum of one office unit per floor. Thus 

Saba tower has over 33,445 square meter of office space in total.  

 

Figure.4.1 The Saba tower building façade. (www.googleearth.com). 

 

 

Figure.4.2 Saba tower building layout.  

http://www.googleearth.com/
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Minimum setbacks of 40metres from the neighboring towers as described 

below in figure 4.3. 

 

 

Figure.4.3 Saba tower site plan layout. (www.googleeart.com). 

 

 

 

http://www.googleeart.com/
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4.3. Building construction materials and finishes: 

 

The following building materials data of Saba tower have been used in 

IES-VE construction materials database in order to simulate a typical 

single office unit for the South, East and West façade as been illustrated 

in figure 4.4.  

 

Figure.4.4. Four selected typical offices unit position from Saba tower on the 

south, east and west facade. (www.googleearth.com).  

 

This construction materials layers define the thermal properties for 

building elements which has an important role in the building thermal 
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performance. The construction materials have been used in IES-VE 

database for the following building elements as been mentioned in figure 

4.5: 

 External walls construction materials and finishes layers. 

 Internal partition materials and finishes layers. 

  Ceiling materials. 

 Flooring construction materials and finishes layers. 

 Doors properties. 

 Glass or window properties. 

 

Figure.4.5 Six building elements considerate in order to simulate a single office 

unit.  

 

These construction materials and finishes layers for all previous building 

elements of a single office unit in Saba tower have been illustrated in 

figures 4.6, 4.7 and 4.8. 
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Figure.4.6 Sections show Saba tower construction materials and finishes 

properties, (a) external wall section, (b) internal partition section. (Saba Real 

Estate).  
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Figure.4.7 Sections show Saba tower construction materials and finishes 

properties, (a) flooring section, (b) ceiling section. (Saba Real Estate). 
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Figure.4.8 sections show Saba tower construction materials and finishes 

properties, (a) timber boor section, (b) external glass section. (Saba Real 

Estate).   
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Refer to figures 4.6, 4.7 and 4.8 some key parameters of construction 

materials properties have been used in the IES_VE construction 

database as been presented in figure 4.9. This construction data will 

affect the simulation results. Therefore the listed below and detailed 

explained of this key parameters as been mentioned in ASHRAE 

Fundamentals handbook, (2009) and (IES materials menu) in order to 

achieve accurate analyses simulations. The lists will include glass 

shading coefficient, U-value, thermal coefficient, transparency, 

conductivity and emissivity. 

 

Figure.4.9. IES-VE construction materials database for the selected office. (IES 

building template manager database). 
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 The glass shading coefficient indicates the ability of glazing to 

block solar radiation. Low shading coefficient value means lower 

solar heat gain penetrated through the glass. Furthermore solar 

transmittance and reflectance value have a very important role in 

this term. 

 The U-value is basically the air to air thermal transmittance of 

building materials due to the thermal conductance of its 

constituent material and the convective and radiation effects of its 

surface. 

 Thermal coefficient in IES is expressed as a number between (0) 

to (1). However the high thermal coefficient value is preferred in 

solar heating application to capture maximum sun radiation. 

 Transparency in IES shows the condition of being transparent. 

 Conductivity in IES shows the transmission of heat across 

materials and the ability to transmit from higher to lower 

temperature. 

 Emissivity in IES refers to the capability of this element to radiate 

long-wave radiation. 

 

 4.4. Office model: 

 

As been mentioned before the simulation study will be for a typical single 

office unites in Saba office tower for the North, East, West and South 

façade as been illustrated in figure 4.10. A typical office room with 

rectangular shape of 4m (length) X 7m (width) X 3.6m (height) was 

constructed by using the modelIT tools on IES in order to test the effect 
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of external louvers shading device on building energy performance, full 

glazed curtain wall façade from flooring to ceiling level with dimension of 

2.7m (height) X 4m (length) as been illustrated in figure 4.10. External 

horizontal lovers with different diminutions properties were constructed 

for the south façade test, vertical louvers will be used for the east and 

west façade simulation test as been recommended in the daylight 

guidelines provided by Building Technology Department at the Lawrence 

Berkeley National Laboratory cited in Hammad and Abu-Hijleh (2010) as 

figure 4.11. 

 

 

Figure.4.10. (a) typical office units plan, (b) typical office units section. 

 

Figure.4.11. Office unit, virtual model on IES. (a) Vertical external louvers 

installation for the East and West façade, (b) horizontal external louvers 

installation for the south façade. 
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The office was assumed to accommodate two work stations with two 

computer units with assumed power of 370W with two workers with 

maximum sensible gain 90.0 W/person and Internal lighting luminance of 

500 Lux was fixed based on the Illuminating Engineering Society of North 

America (IESNA) standards (block, 2000) cited in Hammad and Abu-

Hijleh (2010) as figure 4.12.  

 

Figure.4.12. IES-VE internal gains menu were used in simulation. (IES building 

template manager database). 

The cooling system was assumed to be on all the time with constant 

internal temperature set of 24° and 0.25 air changes/hour infiltration rates 

as shown in figure 4.13 and figure 4.14. Dimming lighting sensor was 

fixed on the ceiling level with 2m distance from the external window in 

order to maintain automatically the artificial lighting level during all the 

operation time to provide 500 Lux on the working disk level. Fluorescent 

luminaries lighting unit was fixed on ceiling level at 2.8m high with 

installed power density of 2.2W/m²/100lux. Figure 4.15. 
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Figure.4.13. IES-VE cooling system menu for the single office simulation. (IES 

building template manager database). 

 

Figure.4.14. IES-VE air exchange menu. (IES building template manager 

database). 
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Figure.4.15. Fluorescent lighting system used in simulation. (IES building 

template manager database). 

 

 

4.5. Office operation time: 

 

The working operation time schedule assumed for the use of office during 

the week working days (Sunday to Thursday) from 07:00am to 07:00pm, 

however it’s very important for the simulation process to schedule the 

working hours for the HVAC system, Lighting System and the computers 

equipment. APpro tools of IES-VE programs allow the user to create 

different operation profiles for each operating system individually with 

different operation periods like daily profile, weekly profile and annual 

profile. In this study three different profiles were created for different 

operation system. The office lights are modulated to achieve minimum of 

500lux from the combined natural daylight and artificial light with daily 

operation time from 07:00am to 07:00pm during the weekly working days 
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in the first profile as been presented in figure 4.16. The second profile for 

the computers equipment and people with operation time from 07:00am 

to 07:00pm during the weekly working days as been presented in figure 

4.17. Finally the HVAC system with continuously working operation 

24hours during all the week days as Saba tower scenario and usual 

office towers scenario in Dubai. 

 

 

Figure.4.16. Weekly light dimming profile used in simulation. (IES profile 

database). 

 

Figure.4.17. Weekly people and computer profile. (IES profile database). 
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4.6. Dubai weather data: 

 

The Dubai city lies between latitudes 25°–25.5°N and longitudes 55°–

33°E which is described as the earth's Sun Belt. The subtropical location 

makes the region hot and humid during the summer months. The 

humidity is particularly high in the coastal areas. Winter is sunny and 

warm with some occasional short showers occurring mainly in winter. 

During summer (April to September) humidity is extremely high 

particularly in the coastal areas where it can reach to highs of 90%. In 

winter humidity is less with a range of 30-60. A south western dry, hot 

and dusty wind comes during summer at an average speed of 25 KM/h. 

Local north-westerly winds frequently develop during the winter, bringing 

cooler windy conditions. During summer (June to September) the 

weather is extremely hot (reaching 50 degrees C). In winter the 

temperature generally ranges from 20-35 degrees C, with an average 

night time temperature of 15 degrees C. Wind speed is in the range of 25 

to 30Km/h at this time of the year. Rainfall is sparse and intermittent. In 

most years it rains during the winter months, usually in February or 

March, but occasionally earlier. Yearly rainfall average is 70 mm.  

On the IES-VE program the APlocate is the weather and site location 

editor for the heat loss and heat gain (ApacheCalc), ASHRAE heat 

balance method (ApacheLoads), ApachSim, SunCast and Radiance. It is 

possible to choose a location from an extensive database and guidance 

is given on defining weather data for various locations. For the purpose of 

this investigation the Dubai weather database was chosen as a APlocate 

location in order to select 4 different days representing the 4 different 

seasons to test the building office energy consumption performance with 

different external louvers configuration. 
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4.7. Sun path and simulation days: 

 

The subtropical location of Dubai gave high altitude for the sun path for 

the most of the year as shown in figure 4.18. In summer sun is getting to 

its highest points in horizon to be nearly perpendicular on June with the 

longest daytimes when sun rise slightly above the east axis. However in 

winter the sun located closer to south with shorter path and lower sun 

angle, the shortest daytimes are on December when the sun rise from 

the south east direction. 

 

 

Figure.4.18. Sun path diagram of Dubai. (IES weather database). 

 

As been mentioned 4 different days in 4 different seasons were selected 

to represent the whole year. These 4 days were selected with the 
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consideration of the latitude seasons, the daily working days (not in 

weekend) and the atmosphere cloud cover rang such that all the selected 

days had a clear sky condition. These 4 days are, 21st of March, 20th of 

June, 20th of September and 15th of December. 

 21st of March: 

In this day as figure 4.19 the maximum dry bulb temperature can 

reach 32°c and 18°c in minimum, the wet bulb temperature reach 

18°c and 13°c in minimum. 6.7m/s the maximum wind speed. As 

been illustrated in figure 4.20 22%-80% external relative humidity 

rang with purely clear sky condition. Finally the solar radiation 

falling can reach 950 Lux (W/m2) as figure 4.21. 
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Figure 4.19. Dubai relative temperature and wind speed on Sunday 21st of 

March. (IES weather database). 



76 

 

00:00 06:00 12:00 18:00 00:00

0.0100

0.0090

0.0080

0.0070

0.0060

0.0050

0.0040

0.0030

0.0020

0.0010

0.0000

C
lo

u
d

 c
o

v
e

r 
(o

k
ta

s
)

85

80

75

70

65

60

55

50

45

40

35

30

25

20

P
e

rc
e

n
ta

g
e

 (%
)

Date: Sun 21/Mar

Cloud cover: (AbuDhabiIWEC.fwt) External relative humidity: (AbuDhabiIWEC.fwt)

 

Figure 4.20. Dubai relative humidity and cloud cover on Sunday 21st of March. 

(IES weather database). 
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Figure 4.21. Dubai falling solar radiation amount, Sunday 21st of March. (IES 

weather database). 

 

 20th of June: 

In 20th of June as figure 4.22 the maximum dry bulb temperature 

can reach 43°c and 25°c in minimum, the wet bulb temperature 
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reach 27°c and 21°c in minimum. 6.2m/s the maximum wind 

speed. 15%-85% external relative humidity range with purely clear 

sky condition as figure 4.23. The solar radiation falling can reach 

1050 Lux (W/m2) as figure 4.24. 
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Figure 4.22.  Dubai relative temperature and wind speed on Sunday 20th of 

June. (IES weather database). 
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Figure 4.23 Dubai relative humidity and cloud cover on Sunday 20th of June. 

(IES weather database). 
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Figure 4.24. Dubai falling solar radiation amount, Sunday 20th of June. (IES 

weather database). 

 

 20th of September: 

As figure 4.25 the maximum dry bulb temperature can reach 39°c 

and 26°c in minimum, the wet bulb temperature reach 26°c and 

22°c in minimum. 7.5m/s the maximum wind speed. 26%-80% 

external relative humidity range with purely clear sky condition as 

figure 4.26. The solar radiation falling can reach 990 Lux (W/m2) 

as figure 4.27. 
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Figure 4.25. Dubai relative temperature and wind speed on Mon 20th of Sep. 

(IES weather database). 
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Figure 4.26. Dubai Humidity and cloud cover on Sunday 20th of Sep. (IES 

weather database). 
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Figure 4.27. Dubai falling solar radiation amount, Mon 20th of Sep. (IES weather 

database). 

 

  15th of December: 

As figure 4.28 the maximum dry bulb temperature can reach 25°c 

and 13°c in minimum, the wet bulb temperature reach 18°c and 

11°c in minimum. 4.3m/s the maximum wind speed. As figure 4.29 

46%-87% external relative humidity range with clear sky condition 

from 04:00am to 02:00pm, 06:00pm to the end of day and some 

cloud cover during the others times, however this is the clearest 

sky condition day in December. The over cast sky during 

December could reduce the direct solar radiation. The solar 

radiation falling can reach 700 Lux (W/m2) as figure 4.30. 
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Figure 4.28. Temperature and wind speed on Wed 15st of Dec. (IES weather 

database). 
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Figure 4.29. Humidity and cloud cover on Wed 15st of Dec. (IES weather 

database). 
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Figure 4.30. Dubai falling solar radiation amount, Wed 15st of Dec. (IES weather 

database). 

 

4.8. Defining the research parameters: 

 

In order to evaluate the efficiency of the optimum design for external fixed 

lovers shading, some variable will be manipulated in different 

configurations. Energy consumption cost will be the main outcome of this 

study. The main variable in this test as the following:  

 

 The Aspect Ratio (AR) between the Louvers Spacing distance 

(LS) and Louvers Width (LW) with 0° slat angle for all cases, figure 

4.31 Illustrate these diminutions in louvers design.  Lighting and 

cooling loads of the interior space are affected by adjusting this 

ratio due the sun angle and position changes from time to time 

and form season to season. The four different Aspect Ratio will be 

tested: 

 

 AR=1.0  (LW=LS). 
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 AR=0.5     (2LW=LS). 

 AR=2.0     (LW=2LS). 

 AR=3.0     (LW=3LS). 

 

Figure 4.31 The ratio between the louvers spacing distance (LS) and 

louvers width (LW). 

 

 Orientation: This variable will be tested independently for all 

configurations. All cases will be examined during the daytime from 

7am to 7pm on four different seasons. 

 

 Louvers material: This variable will be tested in two materials 

colors, (opaque material) with surface reflectance value 0 and 

(mirror material color) with surface reflectance value 1 compared 

with the standard materials color with surface reflectance value 

0.256. The light color for the louvers material could increase the 

amount of the reflected diffuse light inside the building which helps 

to enhance the interior luminance and reduce the produced heat 

from artificial light. The louvers material test will be for the 

optimum case of ratio test. 

 

 Louvers slate tilt angle: This variable will be tested in three lovers 

tilt slat angle 0° (the standard angle case), 20° and 40° with the 
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case louvers ratio AR=1 (LW=LS) for the South orientation only. 

The selection of these two angles value was considered to keep 

the visual relation between the inside and outside. Figure 4.32 

shows the tested louvers slat tilt angles.  

 

Figure 4.32. Louvers slate tilt angles. 

 

 Louvers with semitransparent materials: This variable will be 

tested for the South orientation for the louvers ratio AR=1 

(LW=LS) and 0° slat tilt angle. The use of semitransparent 

material could increase the penetrated diffuse lights which help to 

enhance the interior illuminance. The test will be by using 

semitransparent material with visible transmittance (VT) 30%, 50% 

and 75%. 

 

4.9. Matrix for simulation cases: 

 

In order to have a comprehensive understanding for the proposed 

simulation cases of this investigation, Table 4.1 shows the simulation 

matrix in details as follows: 
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 Base case simulation: this simulation case will be without shading 

devices installation and with no lighting dimming control in order to 

present the current situation in Saba office tower and the most 

Dubai offices scenario. The running simulation will be for the 

North, East, West and South façade during the four selected days.  

 Light dimming system only: this simulation case will be without 

shading devices installation but with lighting dimming control 

system in order to present the energy saving effect of the dimming 

control system. The running simulation will be for the South façade 

during September.  

 Louvers Aspect Ratio test group: In this simulation group the test 

will be for the ratio between the louvers spacing distance (LS) and 

louvers width (LW) with 0° slat angle for all cases as been 

mentioned before. Four different (AR) will be tested in order to find 

the optimum design ratio. Lighting and cooling loads of the interior 

space is affected by adjusting this ratio due the sun angle and 

position variety from time to time and season to season. The 

running simulation for all (AR) scenarios will be for the East, West 

and South façade during the four selected days. The (AR) 

simulation for the North orientation will be for the standers louvers 

ratio only, (AR=1). For the standard louvers ratio (AR=1) will be 

conducted with three different values for (LS): 20cm, 30cm and 

40cm. This will be done on south orientation only during one 

selected day in order to validate the performance results for the 

same louvers ratio. 

 

 Louvers materials color group: This simulation group will be tested 

in tow materials color: opaque material and mirror material color. 

The test in this group will be for the optimum louvers ratio design. 

The simulation will be for the South orientation only during the four 

selected days. 
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 Louvers with slat angle 0° (the standard angle case), 20° and 40° 

with the case louvers ratio (LW) = (LS) for the South orientation 

only.  

 Semitransparent materials test this for the South orientation with 

the louvers ratio (LW) = (LS) and 0° slat tilt angle. 
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Table 4. Matrixes for simulation cases. 

Matrix for Simulation Cases 

  Louvers installation with light sensor control, Lighting sensor with 2 meters distance from the window, based 
on ceiling. 
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Optimum 
Louvers 
ratio with 
opaque 
material 

color 

 
Optimum 
Louvers 
ratio with 

mirror 
material 

color 

L
S

=
1
0

 

L
S

=
2
0

 

L
S

=
3
0

            

South 
Façade 

Simulations 

                

 Dec. X     X X X X X X X X X X X 
Mar. X     X X X X X X X X X X X 
Jun. X     X X X X X X X X X X X 
Sep. X X X X X X X X X X X X X X X X 

East Façade 

Simulation 
                

 Dec. X     X X X X      X X 
Marc. X     X X X X      X X 
Jun. X     X X X X      X X 
Sep. X     X X X X      X X 

West 
Façade 

Simulation 

                

 Dec. X     X X X X      X X 
Mar. X     X X X X      X X 
Jun. X     X X X X      X X 
Sep. X     X X X X      X X 

North 
Façade 

Simulation 

                

 Dec. X        X        
Mar. X        X        
Jun. X        X        
Sep. X        X        

 

Finally about this simulation study it’s important to note that the analysis 

for the typical selected office from Saba tower runs without any 
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consideration of the surrounding building and the building site urban 

shading properties. 

 

4.10. Model validation:  

 

The cooling load was simulated for the same model parameters with 

CARRIER HAP4.2 thermal simulation software by a mechanical engineer 

in order to verify the results obtained from the base case. IES was used 

the ASHREA load calculations to obtain the cooling load of the base case 

during the operations time from 07:00am to 07:00pm in September.  

 

The cooling load by the both tools shows approximately same results 

with small difference due the different in the used weather data in IES 

database and CARRIER HAP4.2. Figure 4.33 shows the cooling load by 

both simulation tools in September during the operation time. 

 

 

Figure 4.33. CARRIER HAP and IES cooling loads. 
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Chapter 5: Simulation Results and 

Discussion 
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5.1. Introduction: 

 

This chapter describes the simulation results of the parameters identified 

before. The Simulation test carrying out the simulation runs to check the 

energy performance of the external louvers shading devices with various 

louvers properties and configurations as been mentioned in chapter 4. 

The respective results are summarized for the purpose of comparison 

and analysis. 

5.2. Louvers Aspect Ratio results AR = (LW/LS): 

 

It must be noted that the louvers ratio test values runs in order to 

investigate the energy performance for the louver AR=1 (LS=LW) with 

different value (LS) = (LW) =10cm, 20cm and 30cm as been illustrated in 

chapter 4 Table 4.1.  The result from figure 5.1 shows that a 98% 

similarity of energy performance for the three different value. This shows 

that what is important is the AR not the individual physical length of each 

of LS and LW. This is important as we can focus on the effect of AR only 

without having to test the different combination of LS and LW that give 

similar AR.  

 

Figure 5.1. Total energy consumptions (KW) for AR=1 with three value 

of LW= 10cm, 20cm and 30cm for the south orientation on 20th of 

September. 
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5.3. Energy saving of light dimming system: 

 

The graph in figure 5.2 shows that the light dimming system caused an 

energy saving reduction of 4.873% compared with the base case for the 

South orientation. This result presents the weak energy saving efficiency 

of using the light dimming system only.  

 

 

Figure 5.2. Total energy consumptions (KW) for the base case and the 

light dimming system without louvers shading.  

 

5.4. South, North, East and West orientations results: 

 

The results in table 5.1 show for the three orientations that the louvers 

shading installation with diming lighting control system caused an energy 

saving with different value according to the louvers configurations and 

properties during the four selected days. Changing the louvers color from 

reference to opaque and mirror type resulted in minimal extra energy 

reduction 0.353% and 0.415% compared to the slandered reference 

color. This indicates that louvers color is not an important factor to 

consider in this type of configuration.  
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For the North orientation scenario the graph in figure 5.3 shows in 

minimal extra energy reduction 2.09%, 4.59%, 2.27% and 1.93% 

compared with the base case during March, June, September and 

December, respectively.  This shows that the weak influence of the 

louvers shading in energy saving for the north orientation. It is observed 

that the energy saving during March, September and December follow 

the same trend. On the other hand the maximum energy saving was 

during June. This different caused due the different in sun path from 

season to season. However sun facing the north orientation only on June 

as been presented in figure 4.18 chapter 4. 

 

 

Figure 5.3. Energy saving% compared with the base case for the North 

orientation with the louver scenario AR=3.0 during the four seasons. 

 

Full simulations data measurements require 12 tables like that shown in 

Table 5.1 1056 rows of measurements represent the hourly simulations 

over the course of four seasons. The South, East and West orientations 

simulations group results are listed as the four selected days 21st of 

March, 20th of June, 20th of September and 15th of December.  
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Table 5.1. Excel sheet represent the hourly consumption energy measurements 

been collected for the South, East and West orientations during the four 

selected days. 

 

 

 



94 

 

5.4.1 South orientation simulations results 

 

Compared with the base case scenario the chart in figure 5.4 shows that 

the case with louvers AR=3.0 (LW=3LS) with semitransparent material 

and VT 50% has the optimum energy reduction for south orientation 

among all the other scenarios during the 4 seasons with (35.13%), 

(19.06%), (42.80%) and (35.65%) energy saving on 21st of March, 20th of 

June, 20th of September and 15th of December, respectively. 

 

 Seasons and energy performance 

 

 The chart in figure 5.4 shows a significant variation in energy 

saving potential during the four seasons. The reasons for this 

variation in energy saving performance refer to the different in the 

sun azimuth angle and the amount of the direct solar radiation 

from season to season. The result shows that the energy saving 

reduction on June was lower compared to the other orientations. 

This could explained by the high sun azimuth angle during this 

month as illustrated in figure 5.5. This reduced the direct sun 

radiation on the South side which reduced the effect of the louvers 

shading. On contrast the optimum energy reduction with the whole 

louvers installations scenario was during September. Although the 

sun azimuth angle during December lower than September but the 

amount of direct solar radiation can reach 950 Lux (w/m2) in 

September and only 700 Lux (w/m2) during December as been 

shown in figure 4.27 and 4.30 in chapter 4. This explains the 

reason of the variation in energy saving reduction during the 

different seasons. Finally it must be noted that the cloudy sky 

condition during December could reduced the direct solar 

radiation. 
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Louvers AR=0.5 with (0°) louvers slate tilt angle has an (12.93%), 

(8.11%), (25.05%) and (14.29.48%) energy saving on 21st of 

March, 20th of June, 20th of September and 15th of December, 

respectively. Louvers AR=1 with (0°) louvers slate tilt angle has an 

(22.50%), (10.82%), (32.72%) and (22.48%) energy saving on 21st 

of March, 20th of June, 20th of September and 15th of December, 

respectively. Louvers ratio AR=2 with 0° louvers slate tilt angle has 

an (27.29%), (13.85%), (37.90%) and (26.20%) energy saving on 

21st of March, 20th of June, 20th of September and 15th of 

December, respectively. Louvers ratio AR=3 with (0°) louvers slate 

tilt angle has an (31.33%), (15.82%), (39.26%) and (30.90%) 

energy saving on 21st of March, 20th of June, 20th of September 

and 15th of December, respectively. 

 

louvers AR=3 and semitransparent material with 30% VT has an 

(33.95%), (18.61%), (40.75.27%) and (34.41%) energy saving on 

21st of March, 20th of June, 20th of September and 15th of 

December, respectively. The case with VT 50% has an (35.13%), 

(19.06%), (42.80%) and (35.65%) energy saving on 21st of March, 

20th of June, 20th of September and 15th of December, 

respectively. The case with VT 75% has an (32.70%), (18.80%), 

(40.13%) and (33.48%) energy saving on 21st of March, 20th of 

June, 20th of September and 15th of December, respectively. 

 

The case with louvers AR=1 with 20° louvers slate tilt angle has an 

(24.76%), (12.31%), (35.27%) and (20.55%) energy saving on 21st 

of March, 20th of June, 20th of September and 15th of December, 

respectively. The case with louvers ratio AR=1 with 40° louvers 

slate tilt angle has an (21.30%), (10.45%), (28.20%) and (21.20%) 

energy saving on 21st of March, 20th of June, 20th of September 

and 15th of December, respectively.  
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In conclusions the south orientation results illustrate the main 

factors which have a significant effect in the louvers shading 

performance from season to season.  The optimum energy saving 

reduction compared with the base case is the lovers AR=3 with 

semitransparent material VT=50.  

  

 

Figure 5.4. Energy saving reduction for louvers scenario compared with 

the base case for the South orientation. 

 

 

 

 

Figure 5.5. ECOTECT graph represent the sun path during the four 

selected seasons. 
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 Annual Energy saving. 

 

The graph in Figure 5.6 shows a comparison between the average 

energy reductions for the South orientation during the four 

selected days compared with the base case scenario. The result 

shows that the optimum annual energy saving reduction was 

33.16% for the louver AR=3 with semitransparent material and 

VT=50% compared with the base case. As the results the energy 

saving percentage is directly proportional with the AR value. The 

result shows that semitransparent louvers with VT value 50% are 

more efficient in energy saving than the VT value 75%. However 

the VT value with more than 50% increased the penetrated direct 

sun radiations which increase the energy consumptions. Finally 

the graph shows that the louvers with 20° slat tilt angle more 

efficient in energy saving than the lovers with 0° and 40° slat tilt 

angle for the south façade.  

 

In summery it can be said that the optimum louvers design for the 

South orientation during the whole year seasons was with louvers 

AR=3 with semitransparent material with VT=50%. Moreover the 

changing in louvers ratio (LW) and (LS) is more efficient in energy 

saving than the changing in louvers angles.   
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Figure 5.6. Average annual energy saving for louvers scenario 

compared with the base case for the South orientation. 

 

 

5.4.2. East orientation simulations results 

 

For the East orientation scenario the test was for the AR test group with 

0° slat tilt angle. Compared with the base case scenario the case with 

louvers AR=3.0 has the optimum energy reduction among all the other 

scenarios during the 4 selected days with (27.23%), (26.12%), (23.36%) 

and (23.53%) energy saving on 21st of March, 20th of June, 20th of 

September and 15th of December, respectively. Louvers AR=0.5 has an 

(9.51%), (11.72%), (9.38%) and (13.48%) energy saving on 21st of 

March, 20th of June, 20th of September and 15th of December, 

respectively. Louvers ratio AR=1.0 has an (16.04%), (21.12%), (15.40%) 

and (15.65%) energy saving on 21st of March, 20th of June, 20th of 

September and 15th of December, respectively. Louvers AR=2.0 has an 

(17.48%), (23.00%), (17.81%) and (18.74%) energy saving on 21st of 

March, 20th of June, 20th of September and 15th of December, 

respectively. The charts in figure 5.7 illustrate Energy saving reduction for 

all louvers scenario compared with the base case. 
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 Seasons and energy performance. 

 

The graph in figure 5.7 shows the percentage of energy saving 

reduction compared with the base case for different louvers ratio 

during the four seasons. In contrast of the south orientation results 

the chart shows slight different in energy saving performance 

during the four seasons. In general the chart shows that the lovers 

with AR=3.0 has the optimum results in energy saving during all 

the seasons. But also the graph shows a variation in the same 

louvers ratio performance from season to season. However for the 

louvers AR=3 was recorded the optimum energy reduction during 

March. On the other hand the louvers ratios AR=1.0 and AR=2.0 

were recorded the optimum energy saving during June and the 

ratio AR=0.5 was recorded the optimum energy saving on 

December. This variation in same louvers ratio performance from 

season to season caused due the different in the sun path and the 

sun azimuth angle in different seasons.  

 

In summery for the East orientation there are a slight variation in 

energy saving reduction during the four seasons due the slight 

different in sun path for the East orientation as seen in figure 5.5. 
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Figure 5.7. Energy saving reduction for louvers scenario compared with the 

base case for the East orientation. 

 

 Annual Energy saving. 

 

The graph in Figure 5.8 shows a comparison between the 

averages of the energy saving reduction for the East orientation 

during the four selected days compared with the base case 

scenario. The result shows that the optimum annual energy saving 

reduction was 25.06% for the louvers AR=3.0 compared with the 

base case. The second best scenario was for the louvers AR=2.0 

with energy saving 19.51%.  

 

In summery it can be said that the optimum louvers design for the 

East orientation during the whole year seasons was with louvers 

AR=3.0.  Moreover the changing in louvers ratio (LW) and (LS) 

has a significant effect in terms of energy saving for the East 

orientation. 
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Figure 5.8. Average annual energy saving for louvers scenario compared with 

the base case for the East orientation. 

 

 

5.4.3. West orientation simulations results 

 

For the West orientation scenario the test was for the AR test group with 

0° slat tilt angle. Compared with the base case scenario the case with 

louvers AR=3.0 has the optimum energy reduction among all the other 

scenarios during the four seasons with (24.64%), (23.57%), (24.80%) 

and (20.88%) energy saving on 21st of March, 20th of June, 20th of 

September and 15th of December, respectively. Louvers AR=0.5 has an 

(10.11%), (9.05 %), (10.32%) and (9.10%) energy saving on 21st of 

March, 20th of June, 20th of September and 15th of December, 

respectively. Louvers AR=1.0 has an (17.13%), (14.33%), (17.41%) and 

(13.40%) energy saving on 21st of March, 20th of June, 20th of September 

and 15th of December, respectively. Louvers AR=2.0 has an (19.92%), 

(18.03%), (21.17%) and (17.32%) energy saving on 21st of March, 20th of 
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June, 20th of September and 15th of December, respectively. The chart in 

figures 5.9 shows the Energy saving reduction for all louvers scenario 

compared with the base case.  

 

 Seasons and energy performance. 

 

The graph in figure 5.9 shows the percentage of energy saving 

reduction compared with the base case for different louvers ratio 

during the four seasons. In similar of the East orientation results 

the chart shows slight different in energy saving performance 

during the four seasons. The lovers with AR=3.0 has the optimum 

results in energy saving during all the seasons. The graph shows 

a small variation in the same louvers ratio performance from 

season to season. However all the louvers ratio scenario was 

recorded the highest energy reduction during March and 

September. In contrast of the East orientation the variations for the 

all louvers ratio were approximately recorded the same 

performance during all the seasons. These differences between 

the East and West orientation could be due the difference in the 

hourly heat gain for the whole building from morning to evening 

time.  

 

In summery for the West orientation there are a slight variation in 

energy saving reduction during the four seasons due the slight 

difference in sun path for the west orientation as seen in figure 5.5. 

Also the difference in the louvers performance between the East 

and West orientation could be due the difference in the hourly heat 

gain for the whole building from morning to evening time. However 

for the east orientation the building released all the heat gain 

during the night time and starting to absorb heat from the morning 
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sun. But for the West orientation scenario the building already 

spent around six hour of absorbing heat before facing the sun thus 

increase the energy used to cool the building. 

 

Figure 5.9. Energy saving reduction for louvers scenario compared with 

the base case for the West orientation. 

 

 Annual Energy saving. 

 

The graph in Figure 5.10 shows a comparison between the 

averages of the energy saving reduction for the West ordination 

during the four selected days compared with the base case 

scenario. The result shows that the optimum annual energy saving 

reduction was 23.43% for the louvers AR=3.0 compared with the 

base case. The second best scenario was for the louvers AR=2.5 

with energy saving 19.11%.  

 

In summery it can be said that the optimum louvers design for the 

East orientation during the whole year seasons was with louvers 

AR=3.0. Moreover the changing in louvers ratio (LW) and (LS) has 
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a significant effect in terms of energy saving for the West 

orientation. 

 

 

Figure 5.10. Average annual energy saving for louvers scenario 

compared with the base case for the West orientation. 

 

5.5. Comparison between East, West and South orientations: 

 

The effect of the different louvers configurations on the energy saving 

performance varies from South to East and West. Irrespective of the 

different louvers configuration and properties, the direct solar heat gain 

from the South orientation was generally greater than the input from the 

East and West orientations.  

 

 Seasons energy saving variations 

 

The results in figure 5.11 show the percentage of reduction in 

energy saving comparison with the base case (without louvers 
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shading and light dimming system). The chart shows a very small 

energy saving for the North orientation compared with the other 

orientations. This huge difference cased due the sun path as been 

disused before. Also The chart shows that the percentage of the 

energy saving reduction for the South orientation was greater than 

the East and West orientations during March, September and 

December. During June the energy saving percentage for the 

South orientation was lower than the East and West due the high 

azimuth sun angle of this month which protects the south 

orientation from the direct solar radiation as been mentioned 

before.  

 

The graph in Figure 5.12 illustrates the louvers energy saving 

percentage for the North, South, East and West during the four 

seasons. The graph shows a slight different in energy saving 

performance for the East and West during the four seasons. In 

contrast the graph shows a strong variation in energy saving 

percentage for the South orientation from season to season. This 

difference in energy saving for the South orientation could be due 

the difference in sun path, the amount of direct solar radiation and 

the weather in general from season to season. For the North 

orientation scenario the energy saving performance reaches the 

maximum during June, when the sun facing the North orientation 

only in this month during the whole year.  
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Figure 5.11. Energy saving% for louvers AR=3 compared with the base 

case for the West, East and South orientations during the four seasons. 

 

 

 

Figure 5.12. Energy saving% for louvers AR=3 compared with the base case for 

the West, East and South orientations during the four seasons. 
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 Daytime energy saving variations 

 

The graph in figure 5.13 shows the hourly energy consumptions 

average over the four selected days for the South, East and west 

orientations. As the graph a sharp dropped in the hourly energy 

consumption was recorded for the East and West orientations. For 

the East orientation the energy consumptions generally was high 

from 7am to 12:30pm when the sun facing this orientation during 

this time as shown in figure 5.14. On contrast the west orientation 

facing the sun from 1pm to 6pm as shown in 5.15. On the other 

hand a slight deviation in energy consumption performance was 

recorded for the south orientation during the daytime. This 

approximate constant in energy consumption during the daytime 

caused due the sun facing the south orientation all the daytime.  

 

 

 

Figure 5.13. Hourly average energy consumptions for the louvers 

AR=3.0 during the four seasons for the South, East and west 

orientations. 
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Figure 5.14. Hourly energy consumptions (KW) for all scenarios for the 

East orientation on 20th of Sep. 

 

 

Figure 5.15. Hourly energy consumptions (KW) for all scenarios for the 

West orientation on 20th of Sep.  
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 Annual Energy saving. 

 

The graph in figure 5.16 summarized the optimum annual energy 

saving reduction for the four orientations. The graph shows an 

annual energy reduction of 29.33% compared with the base case 

for the South orientation as a highest annual energy saving during 

the four seasons. The graph shows also a slight different in the 

annual energy saving for the East and West orientation with 

25.06% annual energy saving for the East orientation and 23.47% 

for the West orientation. On contrast of all orientations scenario a 

minimal annual energy saving of 2.72% was recorded for the 

North orientation. 

 

 

Figure 5.16. Average annual energy saving% for louvers AR=3.0 during the four 

selected days compared with the base case for the West, East and South 

orientations. 
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5.6. Comparison between the louvers configurations 

scenarios: 

 

The effect of different louver shading configurations and properties was 

determined by comparing the total daily direct solar radiation input of 

each orientation. As results in figure 5.17 the percentage energy saving 

by each louvers configuration in comparison to without shading (the base 

case) various as the following: 

 The effect of louvers AR. 

The results show a significant reduction in energy saving by 

changing the louvers width (LW) to the louver spacing distance 

(LS) ratio. The chart in Figure 5.17 shows that the AR=3.0 is the 

optimum louvers AR in comparison to base case in the all 

orientations during the whole year seasons with annual average 

energy saving 29.33%, 25.06% and 23.47% for the South, East 

and West orientations, respectively. 

 The effect of Louvers color. 

The simulations test the effect of colors in lovers shading aimed to 

provide additional information on the contribution of reflected sun 

light in the interior illuminance. The effect of reflectivity created by 

this color could be compared and determined by the amount of 

transmitted reflected sun light. The results for the South, East and 

West orientations shows a very small reduction value of energy 

saving 0.353% to 0.415% compared with the standard martial 

color for louvers  by changing the louvers color from opaque 

material to mirror material during the whole year seasons as 

shown in figure 5.17. 
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 Louvers with semitransparent materials.  

The simulations results shows an optimum reduction of 33.16% 

annual average energy saving by using louvers with 

semitransparent material with VT 50% for the optimum louvers 

AR=3 compared with the base case as been illustrated in figure 

5.17. The simulation test illustrate that the VT value for the 

semitransparent material has the optimum energy saving in VT 

50%. However this VT value allows penetrating the maximum 

defused sun light and at the same time protects the window from 

the direct sun radiation. The result shows also the VT 75% allow 

the direct sun radiation to penetrate inside the building which 

increase the cooling demand. 

 Louvers slat tilt angles. 

The results show a reduction in energy saving by changing the 

louvers slat tilt angles. The chart in Figure 5.17 shows that the 

optimum louvers slat tilt angle is 20°. The annual average energy 

saving reduction Compared with the base case scenario was 

22.13%, 23.22%, and 20.29% for 0°, 20° and 40°, respectively. It 

must be noted that the angle test was for the standard louvers 

AR=1. 
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Figure 5.17. Average annual energy saving% for all louvers scenario compared 

with the base case for the West, East and South orientations. 
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Chapter 6: Conclusions and 

Recommendations. 
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6.1. Conclusions 

 

This thesis provide a design guidelines and recommendations for the 

external fixed shading devices configuration and properties  in order to 

achieved the maximum energy saving potential during the four different 

seasons in UAE climate condition. The use of fixed external louvers in 

building façade with dimming light system achieved a significant 

reduction in energy saving with different scenario.  

This study found that the louvers shade with the same ratio in (LW) and 

(LS) results approximately the same effect in energy saving. The 

optimum energy saving reduction was recorded by using lovers Aspect 

Ratio (AR=3.0) with semitransparent material with Visible Transmittance 

(VT) 50% was achieved 33.16% annual average energy saving 

comparison with the base case (without louvers shading and light 

dimming system) for the South orientation. The optimum louvers AR 

configuration was AR=3.0 with annual average percentage of reduction in 

energy saving 29.33%, 25.06% and 23.47% for the South, East and 

West orientations, respectively. The study found also that the changing in 

louvers AR, (LW) and (LS) is more efficient in energy saving than the 

changing in louvers angles. 

The study illustrate that the VT value for the semitransparent material has 

the optimum energy saving in VT 50%. However this VT value allows 

penetrating the maximum defused sun light and protects the building 

facade from the direct sun radiation. The study shows also the 

semitransparent material with VT 75% allow the direct radiation to 

penetrate inside the building which increased the cooling load demand. 

The energy saving reduction percentage for the South orientation is 

greater than the North, East and West due the larger amount of direct 

solar input from the south orientation than the other orientations. The 

study found that the annual energy reduction of 33.16% compared with 
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the base case for the South orientation as a maximum annual energy 

saving during the four seasons. The study found also a slight difference 

in the annual energy saving for the East and West orientation with 

25.06% annual energy saving for the East orientation and 23.47% for the 

West orientation.  

 

The study for the South, East and West orientations shows a very small 

reduction value of energy saving 0.353% to 0.415% compared with the 

standard martial color for louvers by changing the louvers color from 

opaque material to mirror material during the whole year seasons. 

This study illustrates the performance of louvers shading installation in 

energy saving from season to season and from time to time.  For the 

South orientation the simulations found a significant energy saving on 

September, March and December with the whole louvers installations 

scenario, on the other hand a small energy saving reduction was 

recorded on June for the all louvers configurations due the high sun 

azimuth angle during this season.  

For the East orientation a significant energy saving potential was 

recorded for all louvers configurations scenario during the four seasons 

from 07:00am to 12:30 pm, in contrast to 12:30pm to 06:00pm a lower 

energy saving performance was recorded. On the other hand the West 

orientation was recorded a significant energy saving potential for all 

louvers configurations scenario during the four seasons from 12:30pm to 

06:30 pm, in contrast from 07:00am to 12:30pm a lower energy saving 

performance was recorded, These deferent in louvers performance 

cased due the deferent in hourly sun positions from East to West 

orientations. 
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6.2. Recommendations for future investigations 

 

Throughout this investigation, different areas of study for the effect 

of louvers shading in buildings are illustrated for future work of 

investigation. 

 

 The investigation on the performance of the louver color in the 

interior visual comfort and the illuminance uniformity. This factor is 

important especially for the commercial buildings in order to 

provide a healthy working environment.   

 

 The effect of different louvers material with difference in thermal 

coefficient value and conductivity. However the material with high 

thermal coefficient value preferred in solar heating application to 

capture maximum sun radiation. This could increase the building 

skin temperatures which increase the cooling load demand as a 

consequence.   

 

 The investigation on the effect of the louvers AR in the interior 

illuminance uniformity in order to avoid the glare effect. 

 

 The effect of placing the louvers shading at a various locations 

from the window instead of cover the whole window area. Also the 

distance between the lovers plat and the building skin could 

reduce the façade temperature by the ventilation effect. 

 

  Glass shading coefficient has an important role with the louvers 

configuration and properties. However the interaction between 

these parameters could result more energy saving.   
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Appendix A 

South Orientation Simulations 
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Table A.1. Excel sheet represent the hourly consumption energy measurements 

been collected for the South orientation during the four selected 

days. 
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Figure A.1. Hourly energy consumptions (KW) for all scenarios for South 

orientation on 15th of Dec. 

 

Figure A.2. Hourly energy consumptions (KW) for all scenarios the South 

orientation on 21st of March. 
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Figure A.3. Hourly energy consumptions (KW) for all scenarios for South 

orientation on 20th of Jun. 

 

Figure A.4. Hourly energy consumptions (KW) for all scenarios for South 

orientation on 20th of Sep. 
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Appendix B 

East Orientation Simulations 
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Table B.1. Excel sheet represent the hourly consumption energy measurements 

been collected for the East orientation during the four selected days. 
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Figure B.1. Hourly energy consumptions (KW) for all scenarios for East 

orientation on 15th of Dec. 

 

Figure B.2. Hourly energy consumptions (KW) for all scenarios for East 

orientation on 21st of March. 
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Figure B.3. Hourly energy consumptions (KW) for all scenarios for East 

orientation on 20th of Jun. 

 

Figure B.4. Hourly energy consumptions (KW) for all scenarios for East 

orientation on 20th of Sep. 
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Appendix C 

West Orientation Simulations 

 

 

 

 

 

 

 

 



138 

 

 

Table C.1. Excel sheet represent the hourly consumption energy measurements 

been collected for the West orientation during the four selected days. 
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Figure C.1. Hourly energy consumptions (KW) for all scenarios for West 

orientation on 15th of Dec. 

 

 

Figure C.2. Hourly energy consumptions (KW) for all scenarios for West 

orientation on 21st of March. 
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Figure C.3. Hourly energy consumptions (KW) for all scenarios for West 

orientation on 20th of Jun. 

 

 

Figure C.4. Hourly energy consumptions (KW) for all scenarios for West 

orientation on 20th of Sep.  
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Appendix D 

North Orientation Simulations 
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Table D.1. Excel sheet represent the hourly consumption energy measurements 

been collected for the North orientation during March and June. 
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Table D.2. Excel sheet represent the hourly consumption energy measurements 

been collected for the North orientation during September and 

December. 
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Figure D.1. Hourly energy consumptions (KW) for the louver AR=3 for 

North orientation on 15th of Dec. 

 

 

Figure D.2. Hourly energy consumptions (KW) for the louver AR=3 for 

North orientation on 21st of March. 
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Figure D.3. Hourly energy consumptions (KW) for the louver AR=3 for 

North orientation on 20th of Jun. 

 

 

Figure D.4. Hourly energy consumptions (KW) for the louver AR=3 for 

North orientation on 20th of Sep.  
 

 


