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ABSTRACT 

Dubai is one of the hot-humid regions characteristic with lots of high-rises buildings that 

consume lots of energy. In 2010 Dubai was mentioned as one of the cities with the 

biggest ecological footprint in the world and since that Dubai started to introduce green 

building evaluation systems and building codes to reach sustainability and reduce energy 

consumption. The commercial sector in Dubai consumes around 47.52%  of the energy 

and 30% of this energy in the commercial building is used for a conventional cooling 

system. The question is can we generate a building-integrated system that will generate 

energy and achieve human thermal comfort without relying on conventional systems to 

cool the building?  According to research building performance save half of the energy 

from natural ventilation applications. Natural ventilation is considered one important 

strategy that uses the unlimited resource of wind. The unlimited source in Dubai city is 

8.5mph throughout the year.  

This research will introduce a new system called breathing in the wind system that stop 

the dependency on the conventional cooling system and let the building be more 

breathable by developing a double-skin façade that uses the wind power, solar power, 

maintain views, use natural ventilation to reach the human thermal comfort in the space 

and shading. Natural ventilation will be used all year round by applying two modes that 

depend on the availability of wind in Dubai city. In addition, develop methods of using 

software for natural ventilation analysis in buildings such as eQuest Energy Simulation, 

and physical modeling. 

 



9 
 

INTRODUCTION 

Climate change is one of the main concerns these days. Extreme weather in a hot/humid 

climate makes it difficult to live and adapt to these new conditions. Human growth over 

the past decades caused a high demand for building construction. A lot of wrong 

practices were used such as the human starts to rely more on electro-mechanical 

ventilation to reach their comfort zone neglecting passive strategies and shading. Every 

architect must respect the climate in their design to produce an efficient one. Natural 

ventilation strategy can reduce the operation cost, introduce better indoor air quality, and 

reach the thermal comfort if used knowledgeably. However, applying natural ventilation 

in high-rise buildings must integrate with other strategies to be applicable to use, harness 

wind energy is one of those strategies that can produce clean energy from the wind by 

using wind turbines that convert the kinetic energy in the wind to generate electricity. 

Wind speed and direction must be considered too, the unlimited source of wind in Dubai 

city is 8.5mph throughout the year with the prevailing wind from NW. 

Dubai city has one of the largest ecological footprints in the world. “The 2015 UAE State 

of Energy Report, which was published by the government in January and holds the most 

recent data, says the UAE produced almost 20 tons of CO2 emissions per person in 2010, 

a 63 percent increase from 2000”. Commercial buildings are responsible for around 

47.52% of electricity consumption in Dubai. Now UAE started towards “Greening the 

desert” which aims to reduce the energy consumption of buildings by applying building 

codes such as AL SA’FAT Dubai Green Building Evaluation System. AL SA’FAT is a 

building rating system established by Dubai Municipality in 2016 and it help to ensure 
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buildings, communities and projects are developed in a sustainable and integrated 

manner. 

Having the proper design of a building is every architect's dream. There is a specific 

criterion to reach this dream, which is the basis of guidelines for good practice or 

standards which demonstrate the evolution of social and technical trends. Reducing the 

dependency on mechanical systems is the biggest concern these days. Passive cooling 

strategies could help us in many ways as well as reducing the need for electricity by 

introducing natural ventilation in the buildings. Apply passive cooling strategies will help 

us to build efficient buildings. Research by Friess, W. A., & Rakhshan, K.(2017, p. 485) 

supports the idea that the building sectors (governmental, residential and commercial) are 

the primary cause of GHG (Green House Gases) by 40% CO2 emission, the energy 

consumption of the building sector for cooling and heating buildings has increased 

rapidly. The increase of utility bills caused the need to conserve energy, applying passive 

design strategies that can tolerate such climate and mitigate the energy consumption of 

buildings is a need.  

The result of this paper shows that there is a way to achieve a comfortable climatic 

condition and reduce the energy consumption in the hot-humid region high-rise 

commercial buildings by maximizing the use of natural ventilation strategies and that will 

contribute energy consumption reduction of buildings to reach environmental and 

sustainable architecture design. 
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CHAPTER ONE: 1.0 Thesis Statement 

The harsh and extreme conditions in hot-humid regions are the harshest climate can one 

experience with high temperature and humidity evenly, which generates a challenging 

environment for architects to reach the thermal comfort for the occupant, environmental 

sustainability of buildings, and energy conservation especially in Highrise office 

buildings. Dubai city is one of the developed cities with a high population and Highrise 

buildings with a small building footprint. Highrise buildings consume lots of energy and 

an effective way of building design in this region is to rely the most on free energy 

sources for cooling buildings.  Natural ventilation is considered one important strategy 

that uses the unlimited resource of wind.  

The objective of this research is to find methods to achieve comfortable climatic 

conditions and energy performance in high-rise office buildings, as much as possible, in 

the hot-humid region buildings by maximizing the use of wind force. In addition, develop 

a double-skin façade that harnesses wind energy which is converting wind force into 

energy and use it in the Highrise buildings to reduce the energy consumption, provides a 

high level of workplace comfort for the employees where the occupants can have the 

thermal comfort control in their own spaces such as control on their local environment for 

example air temperature, a minimum energy requirement for cooling and the integration 

of natural energy sources and shading to reach the energy performance. 
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CHAPTER TWO: 2.0 Climate Analysis 

2.1 Dubai City Climate 

In this research Dubai city has been selected, it’s one of the United Arab Emirates seven 

cities that makes up the country which is located 

specifically on the southeast coast of the Arabian 

Gulf (Figure 1). Dubai climate is hot and humid 

due to the city's proximity to the sea which case a 

high humidity and sometimes it could be 

unpleasant.  

 Dubai has two seasons winter and summer. 

Winter in Dubai lasts for 5 months starts at the end of October until April where the 

minimum temperature could reach to 59ºF. Winter season is the best weather for outdoor 

activities in Dubai. While the summer starts From April until the beginning of October it 

lasts around 7 months and the temperature reaches to 102ºF (Figure 2).  

In the past few decades, rainfall in Dubai city has 

been increasing it reached around 5.12in per year. 

Besides, The Urban Heat Island Effect contributes 

to the most weather changing in Dubai. For 

example, in winter month we can see clearly how 

the urban heat island effects central Dubai where the temperature rarely falls under 48ºF 

comparing to the suburbs and outskirts of the city where the temperature reaches 41ºF. 

Figure 1: Dubai City- UAE Map 
(https://www.infoplease.com) 

 

Figure 2: Dubai Annual Average 
Temperature Graph 

(https://www.travelonline.com) 
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Since my main focusing in this research about 

harnessing the wind energy its critical to observe 

the wind in Dubai. The wind rose has been used, 

it’s a graphical tool that represents three 

parameters which are wind speed, frequency, and 

direction that distributed in the 16 cardinals 

(Figure 3). Wind speed ranges (mph) are 

showing with different color bands from a 

light breeze 5-7mph to strong breeze 20+ mph. While the wind direction is showing the 

direction with the greatest frequency by the direction of the longest bar falling in the 16 

cardinals. In Dubai the wind direction is mainly coming from the North-West with wind 

speed ranges between 10-15mph. The wind frequency is showing in percentage it 

indicates how frequent the wind coming from a specific direction.  

Another important characteristic of Dubai 

weather is Shamal (North) sandstorm. It 

happens during the summer months and it lasts 

for days. Shamal sandstorm blows from Saudi 

Arabia, by the time it reaches Dubai it 

becomes gusty and unpredictable. It caused 

some effects such as reducing the visibility and discomfort (Figure 4).   

Figure 3: Dubai Annual Wind Rose 
(https://mesonet.agron.iastate.edu) 

 

Figure 4: Dubai City, Shamal Sandstorms 
(https://www.reddit.com) 
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When the cool air nights meet the hot and humid days the fog phenomena appear. Fog is 

a very famous phenomenon happing in Dubai city. 

When the level of humidity too high in the air 

sometime between September and November fog 

occurs, and it accumulates early morning which 

peaks from 4 AM to 6 AM blanketing the city in 

mist so thick you cannot see the ground in front of 

you. This phenomenon happens two to six times per year (Figure 5).  

 

2.1.1 Dubai City Psychrometric Chart 

Architects have an ethical responsibility to design a building that causes no harm to the 

occupants and motivate them to work efficiently in the harshest environments. To be able 

to achieve the thermal comfort in the buildings 

psychometric chart by ASHRAE Standard 55 has 

been introduced. (Figure 6) shows the 

psychometric chart of Dubai and it’s obvious 

that Dubai climate falling into the hot/humid 

region and most of the hours falling outside the 

thermal comfort area. So, to return it into the 

comfort zone, there’s a couple of strategies that the psychometric shows to design a 

building thermally comfort for the occupants besides reducing the energy consumption of 

the buildings.  

Figure 5: Dubai City, Fog 
(https://makeagif.com) 

Figure 6: Dubai City Psychrometric Chart 
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In Dubai, the most important passive strategies that we should consider at the early stages 

of the design are shading which is the number one 

strategy in a hot climate then internal heat gain, 

evaporative cooling, and direct gain high mass 

(Figure 7). Integrating those strategies could 

reduce the energy consumption of the building 

significantly. The main focusing on this research is 

harnessing wind energy, Natural ventilation is one 

of the free sources of energy that we could take some advantage of it by introducing 

natural ventilation inside the building. Hence the research is based on a hot/humid 

climate it will be almost impossible to apply natural ventilation without integrating a 

couple of strategies to cool the air during the daytime. 

 

2.2 Natural Ventilation Application 

The most sustainable source in hot/humid climate for building cooling is natural 

ventilation since it relies only on-air movement. Natural ventilation is the flow of air 

generated by the temperature differences (Air 

movement from the positive pressure to 

negative pressure). Natural ventilation could 

save energy in buildings in a significant way if 

it’s used knowledgeably. Natural ventilation 

depends on the natural force driven by the 

outdoor air through building envelope openings 

Figure 7: Psychrometric Chart Strategies 

Figure 8: Natural Ventilation 

 (%/Direction) in May 
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and that air moves due to indoor and outdoor air density differences. Natural ventilation 

has been introduced to the building by doors, windows, cool tower, solar chimneys, wind 

tower, etc. Choosing the proper method to introduce natural ventilation inside the 

building is very important because natural ventilation depends on specific criteria such as 

climate, building design (Positioning of openings usually windows), and human behavior. 

Natural ventilation will provide a comfortable and healthy indoor climate through 

minimal energy consumption and cost. 

 Natural ventilation percentage and direction in Dubai city has been studied. Most of the 

natural ventilation that falls into the comfort zone coming from the South-West. Natural 

ventilation could be implemented in eight months in Dubai from October to May. The 

highest percentage in May for the natural ventilation reach to 68% from the South (Figure 

8). (Appendix A) shows the natural ventilation direction and % for every month that is 

applicable to use natural ventilation directly.   

To use the natural ventilation in the design its critical to use it when it's thermally 

comforting for the occupant. Natural ventilation is a comfort to use when the air 

temperature falls between 68ºF to 72ºF. Humidity must be considered too since Dubai is 

one of the hot/humid regions. Humidity counts as comfortable when it falls between 

30%-70% by ASHRAE. Low humidity can cause lots of health problems and discomforts 

such as aggravate allergies and respiratory problems. The average humidity per day has 

been calculated to see where the suitable, dry and humid hours in each month. By 

knowing that it would be easier to harness the wind energy and use the natural ventilation 

in buildings in a specific time. For example, the suitable hours for using natural 
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ventilation in May is around 69% while the dry hours around 27% and the humid hours 

around 4% (Figure 9).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Average Humidity/Day in Dubai 

 



18 
 

CHAPTER THREE: 3.0 PERFORMANCE OF HIGHRISE VS MID-RISE OFFICE 

BUILDING 

3.1 High-Rise Buildings Vs Mid-Rise Buildings Features 

 The main focusing of this research is high-rise buildings, and the reason for that Dubai is 

well known of its high-rise buildings and 

skyscrapers such as Burj Khalifa in Dubai, it’s 

one of the tallest building in the world. Besides, 

most of the energy consumption in Dubai is 

caused by commercial buildings which are around 

47.52% (Figure 10).     

Mid-rise buildings consist of 7-12 stories. It has several benefits such as having more 

green spaces insight and that can promote physical health and encourage the occupant 

activates inside the office buildings. Also, lower energy costs and that will lower the 

greenhouse gases emissions to the atmosphere by minimizing the building mass as well 

as decrease the water use. Besides, it has easier street access and less walking and that 

will help to increase the connectivity between the building with the surrounding area and 

therefore it might reduce the crime and increase the safety for the building occupant. 

However, it's a cost-effective option compared to the high-rise buildings for stakeholders 

and finally mid-rise building making it easier to create the feeling of community where 

the building occupant can contact easily and having a social implication. 

On the other hand, high-rise buildings consist of 13 stories and above. In high-rise 

buildings, it’s more likely to include amenities like plazas, parks, green landscaping 

Figure 10: Electricity Consumption in 
Different Sectors of Dubai 

(https://www.lafargeholcim-foundation.org) 
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areas, and creative, publicly visible stormwater treatments and that will make the 

occupant more likely to engage with the surrounding environments which will increase 

their productivity at work. Also, better ventilation and views can be achieved. One of the 

important features of high-rise buildings that can relieve congestion in the city, Dubai is 

one of the busiest places in the world. People, there are always complaining of the early 

morning traffic all the time which make them look for transportation alternative such as 

using the metro, providing an incentive for the building occupants to encourage them to 

use mass transportation beside carpooling. More daylight could be introduced inside the 

building and that also one of the motivations of increasing the productivity inside 

workspace than depending on the artificial lighting which is on some point could cause 

glare and be annoying for the building occupants. The taller building has a larger 

envelope for designing creative building designs and work within. Creativity in design 

can also provide opportunities for natural ventilation, daylight, More privacy, open 

spaces, and views. 

Another high-rise building feature that needs to be considered which is the downdraught 

effect. So, this effect happens when the air hits a high-rise building it has nowhere to go 

rather than up and down and to the sides. The air that moves down increase the wind 

speed at street level, While the air that moves up is cooler and can create chillier micro-

climates. 
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3.1.1 Monthly Energy Consumption Comparison Mid-Rise VS Highrise Office Building 

The basecase design is a commercial office building with the area around 7,920 sqft and 

located in Dubai, UAE. The basecase design has been built twice by using eQuest 

software to compare between the energy consumption for 7-story and 14 story steel 

frames with cross bracing members building with building heights is 108ft and 213ft 

sequential. The height of each floor is 15ft and the entrance is a double-glazed atrium 

(34ft high). There are two entrance one from the south which is the main entrance its 8ft 

high x 23ft wide double-glazed sliding entrance door and from the north is 8ft high x 8ft 

wide double-glazed sliding door.  

The office building is cooled by six packaged and 5 split-unit single-zone ducted return 

DX coils heat pumps on the accessible roof. HVAC systems on its roof, allowing the 

entire building to remain a constant comfortable temperature, even on the hottest of days 

in Dubai. The following building schedule describes the building details used in the 

eQuest to build the offices buildings. 

 

3.1.2 Office Building Schedule 

HIGHRISE OFFICE BUILDING SCHEDULE (In Compliance with ASHRAE 90.1, 

2010 Baseline)  

 

1 Building Name: Office building  Address: Dubai 

2 

City: Location: Dubai, UAE(Lat. 25° 16' 37.1532'' N, Long. 55° 17' 46.4964'' E)  

Degree Days: HDD65=1,678 & CDD50=6,921 (ASHRAE Standardn90.1, 2010 Page 151) 

Utility Rates: Electric= 23 fils/KWh 

3 Climate Zone: Subtropical desert (Hot/Humid) 
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4 Orientation South South  

5 
Volume  

Conditioned space  

26,2080 ft3/floor (84X48- 

shell2 (24X12)X70 

44,064 ft3/floor 

(24X18X102) 
30,6144 𝑓𝑡3 

6 

Areas  

Roof  

Conditioned Floor Area  

Carpeted Area  

Tiled Area 

Walls:  

South  

West  

North  

East  

Total Walls  

Plenum Area 

Gross (Wall+Plenums)  

Windows:  

South  

 

West  

 

North  

 

East  

 

Total Windows  

 

Skylight  

Doors  

Perimeter  

Internal Doors  

Partition walls  

 

3,744  𝑓𝑡2 

26,208  𝑓𝑡2 

6,384  𝑓𝑡2 

13,104  𝑓𝑡2 

 

1,596 𝑓𝑡2  

3,360 𝑓𝑡2 

5,880 𝑓𝑡2  

3,360 𝑓𝑡2 

14,196 𝑓𝑡2 

2,400  𝑓𝑡2 

16,596 𝑓𝑡2 

 

1,400 𝑓𝑡2 (18.9%) 

 

1,680 𝑓𝑡2(22.7%) 

 

2,640 𝑓𝑡2 (35.6%) 

 

1,680 𝑓𝑡2 (22.7%) 

 

7,400 𝑓𝑡2  

 

None 

64 𝑓𝑡2 

240 L.F. 

304 𝑓𝑡2/𝑓𝑙𝑜𝑜𝑟 

1,736 𝑓𝑡2/𝑓𝑙𝑜𝑜𝑟 

 

1,280 𝑓𝑡2 

1,296 𝑓𝑡2 

None 

1,296 𝑓𝑡2 

 

2,448 𝑓𝑡2 

6,12 𝑓𝑡2 

288 𝑓𝑡2 

612 𝑓𝑡2 

3,960 𝑓𝑡2 

2,400  𝑓𝑡2 

6,360 𝑓𝑡2 

 

1380 𝑓𝑡2  

 

None 

 

None 

 

None  

 

1380 𝑓𝑡2   

 

16 𝑓𝑡2 

112 𝑓𝑡2 

36 L.F. 

None 

240 𝑓𝑡2/𝑓𝑙𝑜𝑜𝑟 

 

5,024 𝑓𝑡2 

27,504 𝑓𝑡2 

6,384  𝑓𝑡2 

14,400  𝑓𝑡2 

 

4,044 𝑓𝑡2 

3,972 𝑓𝑡2 

6,168 𝑓𝑡2 

3,972 𝑓𝑡2 

18,156 𝑓𝑡2 

4,800 𝑓𝑡2 

22,956 𝑓𝑡2 

 

1,400 𝑓𝑡2  

 

1,680 𝑓𝑡2 

 

2,640 𝑓𝑡2 

 

1,680 𝑓𝑡2  

 

8,780 𝑓𝑡2 

 

16 𝑓𝑡2  

176 𝑓𝑡2 

276 L.F. 

304 𝑓𝑡2 

1,976 𝑓𝑡2 

SHELL I SHELL 2 TOTALS 
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7 

Ratios 

Total Glass to Floor area  

South Glass to Floor area 

Area by type to floor area  

 

21.4% 

 

5.3% 

 

- Offices= 49.4%  

- Corridor and stairs = 30.4% 

- Lobby/Waiting= 6.7% 

-Restrooms= 2.8% 

- Conferences= 30.8% 

- Mechanical= 2.4% 

 

116.4% 

 

116.4% 

 

- Lobby/Waiting= 100% 

 

 

26.6% 

 

11.4% 

8 Insulation 

- Roof: U= 0.3 W/m2K 

- External Wall: U= 0.57 W/m2K 

- Roof: Metal frame, 24” o.c., built-up, R-20 continuous insulation 

above deck ext. board insulation, no rad. Barrier 

- Walls (Exterior): R-13, metal frame, 2”X6”, 24” o.c., stucco, no 

ext. board insulation, R-13 batt 

- Walls (Interior): steel studs, 2”X4”, 16” o.c., gypsum boards, no 

insulation 

- Slab: 4” earth contact slab-on-grade, no perimeter insulation 

(carpeted & no carpet) 

- Doors: (interior): R-0.69 (U-value=1.45) 

- Windows: Sngl clear, Alum. w/o Brk, U-value=0.7 all, S.C.=0.21, 

VT=0.85, frame width=1.3”, SHGC=0.25 (all) 

- Skylight: Acrylic plastic with curb VT=0.65, aluminum frame no 

break, U-value=1.9, SHGC=0.39 (SHGC=SCX0.87, so SC=0.45) 

9 Shortwave Reflectance 

Roof: Medium Abs=0.7, Walls: Medium Abs=0.6 [All roof surfaces will be 

modeled with a reflectivity of 0.3 ((ASHRAE 90.1, 2010 Table G3.1, page 

213) 

1

0 
Infiltration 

Perimeter = 0.038 CFM/ft² (external wall area) & Core=0.001 CFM/ft² (floor 

area) 

1

1 
HVAC  

HVAC Size: 

 

- 6 packaged (5 for Shell 1 & 1 for shell 2) and 5 split-unit Single 

zone ducted return DX Coils heat pumps located on the accessible 

roof. 

- All units are <65,000 Btuh (or 5.4 tons i.e. 65,000 ÷ 12,000 = 5.4 

tons) constant volume, all electric type.  

 

Efficiency: 

Minimum efficiency 9.5 EER based on Al SA’FAT (Dubai Green Building 

Evaluation System) 

- Cooling Efficiency is EER 9.5 

- Heating Efficiency is HSPF = 7.7 Table 6.8.1B, page 66 
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MID-RISE OFFICE BUILDING SCHEDULE (In Compliance with ASHRAE 90.1, 2010 

Baseline)  

 

Fan Schedules: 7am to 6 pm no weekends & no holidays, operates 1 hr 

before and after, Fan mode = continuous, no Fan Night Cycling Economizer: 

- Drybulb Temperature, High Limit Shutoff=75°F 

Thermal Zones: Building is divided into 6 thermal zones: NW, NE, SE, SW, 

Core & Atrium  

Thermostat: Occupied: Cool=76°F, Heat=68°F -Unoccupied: Cool= 

Cool=76°F, Heat=68°F i.e. (no night setbacks) 

1

2 

Lighting Power Density 

(LPD)  

- Building Area Type : for “Office” =1.0 W/m²  

- Space-by-Space method: Office=1.1, Conf. or Lobby=1.3, 

Restrooms=0.9,Corridor/transition=0.5 & Mech=1.5 (Table 9.6.1 

Page 83) 

1

3 
Equipment Load 

Total 1.3 w/ft² (0.75 w/ft² offices, 0.25 w/ft² lobby reception, 0.1 w/ft² 

restrooms, 0.1 w/ft² conference), & 0.1 w/ft² mechanical 

1

4 
Domestic Water Heating 

Electric, Input rating 4.3Kw, 50 gal, supply temp=135°F, no recirculation, 

Energy Factor 0.86, tank insulation=R-12 

1

5 
Building Operation  7am to 6pm, Closed: Fridays + Saturdays + default holidays 

1

6 
Building Capacity  (27,504 ft²/200 ft² per person)= 137.5 or 138 persons 

1 Building Name: Office building  Address: Dubai 

2 

City: Location: Dubai, UAE(Lat. 25° 16' 37.1532'' N, Long. 55° 17' 46.4964'' E)  

Degree Days: HDD65=1,678 & CDD50=6,921 (ASHRAE Standardn90.1, 2010 Page 151) 

Utility Rates: Electric= 23 fils/KWh 

3 Climate Zone: Subtropical desert (Hot/Humid) 

4 Orientation South South  

5 
Volume  

Conditioned space  

74,880 ft3/floor (84X48- 

shell2 (24X12)X20 
14,688 ft3/floor (24X18X34) 89,568 𝑓𝑡3 

6 Areas     

SHELL I SHELL 2 TOTALS 
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Roof  

Conditioned Floor Area  

Carpeted Area  

Tiled Area 

Walls:  

South  

West  

North  

East  

Total Walls  

Plenum Area 

Gross (Wall+Plenums)  

Windows:  

South  

 

West  

 

North  

 

East  

 

Total Windows  

 

Skylight  

Doors  

Perimeter  

Internal Doors  

Partition walls  

3,744  𝑓𝑡2 

7,488  𝑓𝑡2 

3,744  𝑓𝑡2 

3,744  𝑓𝑡2 

 

1,200 𝑓𝑡2  

960 𝑓𝑡2 

1,680 𝑓𝑡2  

960 𝑓𝑡2 

4,800 𝑓𝑡2 

2,400  𝑓𝑡2 

7,200 𝑓𝑡2 

 

400 𝑓𝑡2 (33.33%) 

 

240 𝑓𝑡2(25.0%) 

 

720 𝑓𝑡2 (42.80%) 

 

240 𝑓𝑡2 (22.2%) 

 

1,600 𝑓𝑡2  

 

None 

64 𝑓𝑡2 

240 L.F. 

304 𝑓𝑡2/𝑓𝑙𝑜𝑜𝑟 

1,736 𝑓𝑡2/𝑓𝑙𝑜𝑜𝑟 

416 𝑓𝑡2 

432 𝑓𝑡2 

None 

432 𝑓𝑡2 

 

816 𝑓𝑡2 

204 𝑓𝑡2 

96 𝑓𝑡2 

204 𝑓𝑡2 

1,320 𝑓𝑡2 

0.0 

1,320 𝑓𝑡2 

 

502.75 𝑓𝑡2  

 

None 

 

None 

 

None  

 

502.75 𝑓𝑡2   

 

16 𝑓𝑡2 

112 𝑓𝑡2 

36 L.F. 

None 

240 𝑓𝑡2/𝑓𝑙𝑜𝑜𝑟 

4,160 𝑓𝑡2 

7,920 𝑓𝑡2 

3,744  𝑓𝑡2 

4,176  𝑓𝑡2 

 

2,016 𝑓𝑡2 

1,164 𝑓𝑡2 

1,776 𝑓𝑡2 

1,164 𝑓𝑡2 

6,120 𝑓𝑡2 

2,400 𝑓𝑡2 

8,520 𝑓𝑡2 

 

902.75 𝑓𝑡2  

 

240 𝑓𝑡2 

 

720 𝑓𝑡2 

 

240 𝑓𝑡2  

 

2,102.7 𝑓𝑡2 

 

16 𝑓𝑡2  

176 𝑓𝑡2 

276 L.F. 

304 𝑓𝑡2 

1,976 𝑓𝑡2 

7 

Ratios 

Total Glass to Floor area  

South Glass to Floor area 

Area by type to floor area  

 

21.4% 

 

5.3% 

 

 

116.4% 

 

116.4% 

 

 

26.6% 

 

11.4% 
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- Offices= 49.4%  

- Corridor and stairs = 30.4% 

- Lobby/Waiting= 6.7% 

-Restrooms= 2.8% 

- Conferences= 30.8% 

- Mechanical= 2.4% 

- Lobby/Waiting= 100% 

 

8 Insulation 

- Roof: U= 0.3 W/m2K 

- External Wall: U= 0.57 W/m2K 

- Roof: Metal frame, 24” o.c., built-up, R-20 continuous insulation 

above deck ext. board insulation, no rad. Barrier 

- Walls (Exterior): R-13, metal frame, 2”X6”, 24” o.c., stucco, no 

ext. board insulation, R-13 batt 

- Walls (Interior): steel studs, 2”X4”, 16” o.c., gypsum boards, no 

insulation 

- Slab: 4” earth contact slab-on-grade, no perimeter insulation 

(carpeted & no carpet) 

- Doors: (interior): R-0.69 (U-value=1.45) 

- Windows: Sngl clear, Alum. w/o Brk, U-value=0.7 all, S.C.=0.21, 

VT=0.85, frame width=1.3”, SHGC=0.25 (all) 

- Skylight: Acrylic plastic with curb VT=0.65, aluminum frame no 

break, U-value=1.9, SHGC=0.39 (SHGC=SCX0.87, so SC=0.45) 

9 Shortwave Reflectance 

Roof: Medium Abs=0.7, Walls: Medium Abs=0.6 [All roof surfaces will be 

modeled with a reflectivity of 0.3 ((ASHRAE 90.1, 2010 Table G3.1, page 

213) 

10 Infiltration 
Perimeter = 0.038 CFM/ft² (external wall area) & Core=0.001 CFM/ft² (floor 

area) 

11 HVAC  

HVAC Size: 

 

- 6 packaged (5 for Shell 1 & 1 for shell 2) and 5 split-unit Single 

zone ducted return DX Coils heat pumps located on the accessible 

roof. 

- All units are <65,000 Btuh (or 5.4 tons i.e. 65,000 ÷ 12,000 = 5.4 

tons) constant volume, all electric type.  

 

Efficiency: 

Minimum efficiency 9.5 EER based on Al SA’FAT (Dubai Green Building 

Evaluation System) 

- Cooling Efficiency is EER 9.5 

- Heating Efficiency is HSPF = 7.7 Table 6.8.1B, page 66 

 

Fan Schedules: 7am to 6 pm no weekends & no holidays, operates 1 hr 

before and after, Fan mode = continuous, no Fan Night Cycling Economizer: 

- Drybulb Temperature, High Limit Shutoff=75°F 

Thermal Zones: Building is divided into 6 thermal zones: NW, NE, SE, SW, 

Core & Atrium  

Thermostat: Occupied: Cool=76°F, Heat=68°F -Unoccupied: Cool= 

Cool=76°F, Heat=68°F i.e. (no night setbacks) 
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3.1.3 eQuest Baseline Compliance Run (Mid-Rise Building) 

Mid-rise office building consists of 7 stories, located in 

Dubai has been modeled by using eQuest (Figure 11). The 

electric consumption graph present that most of the energy 

consumption goes for space cooling, area fans and area 

lighting sequential. The electric consumption for the mid-

rise building is 462,950 kWh and the monthly utility bills 

around $60,184 (Appendix B). 

 

 

 

12 
Lighting Power Density 

(LPD)  

- Building Area Type : for “Office” =1.0 W/m²  

- Space-by-Space method: Office=1.1, Conf. or Lobby=1.3, 

Restrooms=0.9,Corridor/transition=0.5 & Mech=1.5 (Table 9.6.1 

Page 83) 

13 Equipment Load 
Total 1.3 w/ft² (0.75 w/ft² offices, 0.25 w/ft² lobby reception, 0.1 w/ft² 

restrooms, 0.1 w/ft² conference), & 0.1 w/ft² mechanical 

14 Domestic Water Heating 
Electric, Input rating 4.3Kw, 50 gal, supply temp=135°F, no recirculation, 

Energy Factor 0.86, tank insulation=R-12 

15 Building Operation  7am to 6pm, Closed: Fridays + Saturdays + default holidays 

16 Building Capacity  (27,504 ft²/200 ft² per person)= 137.5 or 138 persons 

Figure 11:  eQuest (Mid-Rise 
South-West Facade) 



27 
 

3.1.4 eQuest Baseline Compliance Run (Highrise Building) 

Highrise office building consists of 14 stories, located in Dubai 

has been modeled by using eQuest (Figure 12). The electric 

consumption present that most of the energy consumption goes 

for space cooling, area fans and area lighting sequential. The 

electric consumption for the Highrise building is 759,350 kWh 

and the monthly utility bills around $98,715 (Appendix C). 

 

 

 

 

3.1.5 Peak Load in the Office Buildings 

Peak Load is “the highest amount of energy that a consumer draws from the grid in a set 

period of time”. An architecture must understand where the peak load in buildings in 

order to reduce the energy consumption and energy bill. For example, most of the energy 

consumption in the commercial office building located in Dubai city is coming from 

space cooling, area lighting, and ventilation fans. By knowing that it will be easy to target 

these points such as space cooling and reduce its consumption by introducing natural 

ventilation inside the building envelope where it's comfortable for a human to be used. 

(Figure 13) shows the percentage of office building appliances and how much they 

consume electricity. (Appendix D) shows eQuest monthly electric peak load profile for 

both mid-rise and high-rise buildings in each month, located in Dubai. 

Figure 12: eQuest (Highrise 

South-West Facade) 
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3.2 High-Rise Buildings Within an Urban Area 

There are several factors affects natural ventilation in a typical high-rise building within 

an urban area in hot/humid climate and could cause discomfort for the occupant beside 

unhealthy environments such as blocked air movement from the adjacent high-rise 

building, stagnant air movement between buildings, and hot air and CO2 emissions from 

adjacent buildings (Figure 14). All these factors contribute to the heat island effect where 

the ambient temperature of the urban area is significantly warmer than its surrounding 

rural areas and that due to human activities. Dubai as mentioned earlier, in winter month 

we can see clearly how the urban heat island effects central Dubai where the temperature 

Figure 13: Office Building Peak Load 
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rarely falls under 48ºF comparing to the suburbs and outskirts of the city where the 

temperature reaches 41ºF and that because the heat trapped in an urban area and can’t 

escape to the night sky.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: High-Rise Building Within an Urban Area 
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CHAPTER FOUR: 4.0 Double-Skin Facades 

4.1 Double-Skin Facades Characteristics and Challenges 

Double-skin façade is a system used in buildings, it consists of two separated skins or 

façade that allow the air movement between the cavity of the two skins. The ventilation 

through the cavity it could be natural or mechanical or by using fan-supported for air 

movement. There are three different separation concepts between the two skins such as 

buffer system, extract-air-system, and exchange air-system (Figure 15).  

 

 

 

 

 

 

 

 

 

In the buffer system, there is no interaction between the air system, the outer conditioned 

air system has nothing to do with the interior of the building and it could be conditioned 

with either natural or mechanical. However, the extract-air-system allow the hot air to 

escape into the cavity allowing the hot air to increase the temperature of the air inside the 

cavity and only the mechanical ventilation can be used for the room. The exchange air-

system depends on the natural convection of the air to introduce the cold air inside the 

Figure 15: Different Separation Concepts  

(https://www.glassonweb.com)  
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building envelope and extract the hot air from the room and return it back to the cavity all 

by using natural ventilation. Temperature and humidity can be managed by fans or 

mechanical driven opining to reach the thermal comfort for the occupant. 

Double skin façade has different concepts and ways of design and implementation. One 

of them is a solar chimney. Solar chimney pulls the cooler air inside the building's core 

creating a cooling effect to reach the thermal comfort level for the occupant. As the warm 

air is moving up through the building skin the cooler air still pulled. By the convection, 

once the warm air reaches the solar chimney, the sun heats up the air and exhausted 

through the roof opining (Figure 16).  

 

 

 

 

 

 

 

 

 

Another concept of double skin façade by introducing natural ventilation inside the 

building envelope through automatic dampers that exist in the window sill. Fresh air will 

enter the building within optimal humidity and temperature that comfort for the occupant 

to use. The fresh air that enter to the workspace it will collect heat from the workspace 

equipment, occupants and that will increase the air temperature as it moves toward the 

Figure 16: Solar Chimney Effect  
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solar chimney creating a cooling effect besides improving the comfort level. The warm 

air will be exhausted outside the building by solar chimney while continue pulling cool 

fresh air into the building (Figure 17).  

 

 

 

 

 

 

 

 

 

4.2 Ways of Cooling the Air in Hot/Humid regions 

In vernacular architecture cross ventilation method (Figure 18) where the natural 

ventilation introduced from both side of the room with shading was used to cool the 

building in hot and humid climate. People 

starts to get more aware of the climate 

change and the increase of greenhouse 

gases emission, so most of the architects 

try to design a high-performance building 

Figure 17: Double-Skin Façade Passive Mode   

Figure 18: Cross Ventilation    
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by integrating almost all the systems that could be integrated within the design and at the 

same time can reduce the energy consumption.  

 

Coupling thermal mass and natural ventilation inside the building is another strategy to 

cool the air and it’s important to passive building design. One of the examples is the 

Eastgate Centre in Zimbabwe (Figure 19). 

Zimbabwe is a hot climate, dry from May to 

September and humid from November to 

March.  Eastgate center is an office building 

which literally depends on natural ventilation 

and high mass to cool the building however, the 

mid-rise building had no conventional 

mechanical cooling or heating devices. The 

mechanism of it, the hot air is cooled by fan 

introduced to the building and the hot air in 

each office will be collected in the heat accumulation box. The warm air will rise until it 

reaches the chimneys then it will be exhausted from there. They also used vegetation for 

shading to reduce the direct heat gain from the sunlight during the day and keep the 

building cool. 

 

 

 

Figure 19: Coupling of thermal mass and 

natural ventilation in buildings 

(https://www.wikiwand.com)  
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CHAPTER FIVE: 5.0 Harness Wind Energy 

5.1 Innovative Building-Integrated Wind Turbine System (BIWT) 

Energy consumption in a high-rise building is increasing rabidly specially in Dubai city. 

Dubai has plenty of free sources of energy such as wind. The average wind speed in 

Dubai around 8.5mph. The psychometric chart of Dubai city shows that the best strategy 

to implement in Dubai is shading. So, since shading is critical to be considered in the 

design a double skin façade has been introduced earlier in this research. Double skin 

façade can be also integrated with wind turbines in order to harness the wind energy. 

Research by Park, J., Jung, H.-J., Lee, S.-W., & Park, J. (2015, p. 11846–11870) supports 

the idea of integrating the building double-skin façade with wind turbines to generate 

energy to use it in buildings.  

The system combining a guided van which is work as a double skin façade and collects 

the upcoming wind beside it increases its speed to sufficient level that it could change 

based on the wind condition so the rotor could operate efficiently and generate more 

energy. Another important part used in this system is the rotor, the rotor is the main part 

of the wind turbines that generate the electricity (Figure 20).  

 

 

 

 

Figure 20: Innovative building-integrated wind turbine system 

(Park, J., Jung, H.-J., Lee, S.-W., & Park, J., 2015) 
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The empty space or the cavity of the double-skin façade could reach to 3.2ft and it will be 

a passage for the wind that will pass through the rotor. The generated power increase 

whenever the space between the guide vane and the building skin is increased. The larger 

space the higher the efficiency. 

Another strategy applied to the system that half of the rotor is blocked from the upcoming 

wind as we can see in (Figure 21), which gets rid of the 

negative torque from the opposite direction of the 

operation rotation of the rotor and that will increase the 

efficiency of the system. When the wind will pass 

through the guide vane it will keep on the same velocity 

with lower pressure and that will help natural ventilation 

to be used inside the building where the wind speed will 

be comfortable to humans besides air temperature. 

(Appendix E) shows the wind speed in the module from 

different points in the system. 

 

 

5.1.1 Comparison between the proposed system (BIWT) and the conventional ones 

Conventional wind turbines require structural reinforcement or modification especially 

large wind turbines beside it needs a space to be applied. In high-rise building the only 

space that can wind turbines be applied is the rooftop of the building or to the sides. On 

the other hand, the proposed wind turbines do not need any structural enforcement if the 

Figure 21: Rotor Mechanism 
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wind pressure considered in the early stage of the design and it doesn’t require any 

additional spaces to be applied because the proposed system will work as a double skin 

façade. 

The two main issue of integrating wind turbines with the building that people complain 

about the conventional wind turbines they are aesthetically unpleasant besides the noise 

and vibration that caused. However, in the proposed system the blade will be hidden from 

the pedestrian view where the people won’t be able to see it. Also, the Savonius rotor will 

be used which reduce the vibration and noise in a level that is comfortable for human.  

Conventional wind turbines are fixed which eliminate the wind turbines efficacy 

compared to the proposed system. As mentioned earlier that the guide van in the BIWT is 

movable to collect wind, speed up the air and increase the efficiency of the rotor to 

produce more energy (Figure 22). 

 

 

 

 

 

 

 

 

Figure 22: Comparison between the proposed system and the conventional ones 
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5.2 Wind Turbines Mechanism 

One form of solar energy is “Wind”, the wind is caused when uneven heating of the 

atmosphere occur which cause by the sun beside the rotation of the earth. It’s a free 

source of energy that could be harvested by wind turbines and used in building design to 

reduce the energy consumption of the building by generating electricity. 

The wind power generated when the rotor captures the kinetic energy in the wind and 

converted to mechanical power, in the proposed system (BIWT) the rotor used is 

Savonius rotor and when it spins it creates electricity. The controller controls the wind 

turbines starting up and when it shuts off. A typical wind turbine operates when the wind 

speed between 8 to 16 mph and it automatically shuts off when the wind speed reach to 

55 mph and that because the wind turbines won't be able to operate because a very high 

wind speed can cause damages to the system.  

 

 

 

 

 

 

 

Any off-grid system is supposed to have a bank of batteries attached to it so it can 

stockpile the electricity and use it when it needs it. Another important part of the wind 

Figure 23: Wind Power Generated Mechanism 
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power generating is the inverter, the inverter converts the electrical energy made from 

DC to AC before it can be used on the household appliances. The electricity generated 

can be used to power schools, homes or businesses. (Figure 23) shows how the wind can 

generate electricity in the building. 

 

 

5.3 Storing Wind Power 

The main focusing of this research is commercial office buildings. Most of the energy in 

office buildings consumed during the daytime where the electricity demand is high. Now, 

during the nighttime wind turbines generates most of their energy. If that green energy 

produced by wind turbines at night doesn’t be stored it will get wasted. Installing 

batteries in the system is necessary for two main reasons, the first one is to save the 

energy produced during the nighttime so it can’t get waste also it can be used for air 

conditioners and other appliances that are busiest during the daytime and consume lots of 

energy.  

On the other hand, batteries also help when the wind speed is not that sufficient to be 

used by wind turbines and that happen when the wind speed is lower than 7mph or higher 

than 55mph at that speed wind turbines won’t be able to work, and the building can rely 

on the stored wind power. Wind condition is unreliable and unpredictable in Dubai city 

so storing wind power is necessary. 
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5.4 Estimated Power Output 

Based on the research by Park, J., Jung, H.-J., Lee, S.-W., & Park, J. (2015, p. 11846–

11870), the power output of the wind turbines can be estimated by using the graph below. 

For example, the wind speed in March is 9mph (4 m/s) so the estimated power output 

will be around 10W (Figure 24). 

 

 

 

 

 

 

 

(Table 1) shows the generated power output (kWh) per module from the proposed system 

in Dubai in each month. 

Figure 24: Generated Power Output   

(Park, J., Jung, H.-J., Lee, S.-W., & Park, J., 2015) 

 

Table 1: Generated Power Output (kWh) in each month 
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5.5 Generated Energy from the Façade 

The prevailing wind of Dubai as discussed earlier is mainly coming from the North-West 

direction. So, based on the that the proposed system of the wind turbines will be applied 

to North and west façade of the offices building in mid-rise and high-rise building to see 

how much energy it can generate from the façade and how much it can cover of the 

building needs. 

 

 

 

5.5.1 Mid-Rise Building West Façade Energy Generated 

Mid-rise office building consist of 7 stories has been 

modeled using eQuest. (Figure 25) shows the West façade 

of the building cover 70% of the façade with the BIWT 

wind turbines. The calculation below shows how much total 

energy production per year generated from the West 

façade.  

o 150ft (Height) x 70% = 105ft (Covered with wind turbines)  

o Each System (Guide vane) is 3.2ft (L) x 1ft (w) = 3.2 ft² 

o Place the modules on the façade as 48 modules per array (33 arrays) 

o Total Energy production (kWh):  

Figure 25: eQuest (Mid-Rise West 

Facade) 
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- January:  33 (Rows) X 48 (module) X 4.2 (kWh per month) = 6,652.8 kWh 

- February:  33 (Rows) X 48 (module) X 6.6 (kWh per month) = 10,454.4 kWh 

- March:  33 (Rows) X 48 (module) X 7.2 (kWh per month) = 11,404.8 kWh 

- April:  33 (Rows) X 48 (module) X 6.0 (kWh per month) = 9,504 kWh 

- May:  33 (Rows) X 48 (module) X 7.2 (kWh per month) = 11,404.8 kWh 

- Jun:  33 (Rows) X 48 (module) X 7.2 (kWh per month) = 11,404.8 kWh 

- July:  33 (Rows) X 48 (module) X 7.2 (kWh per month) = 11,404.8 kWh 

- August:  33 (Rows) X 48 (module) X 7.8 (kWh per month) = 12,355.2 kWh 

- September:  33 (Rows) X 48 (module) X 5.1 (kWh per month) = 8,078.4 kWh 

- October:  33 (Rows) X 48 (module) X 4.2 (kWh per month) = 6,652.8 kWh 

- November:  33 (Rows) X 48 (module) X 3.6 (kWh per month) = 5,702.4 kWh 

- December:  33 (Rows) X 48 (module) X 3.6 (kWh per month) = 5,702.4 kWh 

o Total Energy production (kWh) per year from the West façade: 11,072,0 kWh 
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5.5.2 Mid-Rise Building North Façade Energy Generated 

Mid-rise office building consist of 7 stories has been 

modeled using eQuest. (Figure 26) shows the North façade 

of the building cover 70% of the façade with the BIWT 

wind turbines. The calculation below shows how much total 

energy production per year generated from the North 

façade.  

o 150ft (Height) x 70% = 105ft 

o Each System is 3.2ft (L) x 1ft (w) = 3.2 ft² 

o Place the modules on the façade as 84 modules per array (33 arrays) 

o Total Energy production (kWh):  

- January:  33 (Rows) X 84 (module) X 4.2 (kWh per month) = 11,642.4 kWh 

- February:  33 (Rows) X 84 (module) X 6.6 (kWh per month) = 18,295.2 kWh 

- March:  33 (Rows) X 84 (module) X 7.2 (kWh per month) = 19,958.4 kWh 

- April:  33 (Rows) X 84 (module) X 6.0 (kWh per month) = 16,632 kWh 

- May:  33 (Rows) X 84 (module) X 7.2 (kWh per month) = 19,958.4 kWh 

- Jun:  33 (Rows) X 84 (module) X 7.2 (kWh per month) = 19,958.4 kWh 

- July:  33 (Rows) X 84 (module) X 7.2 (kWh per month) = 19,958.4 kWh 

- August:  33 (Rows) X 84 (module) X 7.8 (kWh per month) = 21,621.6 kWh 

Figure 26: eQuest (Mid-Rise North 

Facade) 
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- September:  33 (Rows) X 84 (module) X 5.1 (kWh per month) = 14,137.2 kWh 

- October:  33 (Rows) X 84 (module) X 4.2 (kWh per month) = 11,642.4 kWh 

- November:  33 (Rows) X 84 (module) X 3.6 (kWh per month) = 9,979.2 kWh 

- December:  33 (Rows) X 84 (module) X 3.6 (kWh per month) = 9,979.2 kWh 

o Total Energy production (kWh) per year from the North façade: 19,3762.8 kWh 

o 11,072,0 kWh (West Façade) + 19,3762.8 kWh (North Façade) = 30,4482.8 kWh 

o 30,4482.8 kWh - 46,2950 kWh = Need 15,8467.2 kWh 

 

 

 

5.5.3 Highrise Building West Façade Energy Generated 

Highrise office building consist of 14 stories has been modeled using 

eQuest. (Figure 27) shows the West façade of the building cover 70% 

of the façade with the BIWT wind turbines. The calculation below 

shows how much total energy production per year generated from the 

West façade.  

o 240ft (Height) x 70% = 168ft (Covered with wind turbines) 

o Each System (Guide vane) is 3.2ft (L) x 1ft (w) = 3.2 ft² Figure 27: eQuest (High-

Rise West Facade) 
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o Place the modules on the façade as 48 modules per array (53 arrays) 

o Total Energy production (kWh):  

- January:  53 (Rows) X 48 (module) X 4.2 (kWh per month) = 10,684.8 kWh 

- February: 53 (Rows) X 48 (module) X 6.6 (kWh per month) = 16,790.4 kWh 

- March: 53 (Rows) X 48 (module) X 7.2 (kWh per month) = 18,316.8 kWh 

- April: 53 (Rows) X 48 (module) X 6.0 (kWh per month) = 15,264 kWh 

- May: 53 (Rows) X 48 (module) X 7.2 (kWh per month) = 18,316.8 kWh 

- Jun: 53 (Rows) X 48 (module) X 7.2 (kWh per month) = 18,316.8 kWh 

- July: 53 (Rows) X 48 (module) X 7.2 (kWh per month) = 18,316.8 kWh 

- August: 53 (Rows) X 48 (module) X 7.8 (kWh per month) = 19,843.2 kWh 

- September: 53 (Rows) X 48 (module) X 5.1 (kWh per month) = 12,974.4 kWh 

- October: 53 (Rows) X 48 (module) X 4.2 (kWh per month) = 10,684.8 kWh 

- November: 53 (Rows) X 48 (module) X 3.6 (kWh per month) = 9,158.4 kWh 

- December: 53 (Rows) X 48 (module) X 3.6 (kWh per month) = 9,158.4 kWh 

o Total Energy production (kWh) per year from the West façade: 17,7825.6 kWh 
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5.5.4 Highrise Building North Façade Energy Generated 

Highrise office building consist of 14 stories has been modeled 

using eQuest. (Figure 28) shows the North façade of the 

building cover 70% of the façade with the BIWT wind turbines. 

The calculation below shows how much total energy 

production per year generated from the North façade.  

o 240ft (Height) x 70% = 168ft 

o Each System is 3.2ft (L) x 1ft (w) = 3.2 ft² 

o Place the modules on the façade as 84 modules per array (53 arrays) 

o Total Energy production (kWh):  

- January:  53 (Rows) X 84 (module) X 4.2 (kWh per month) = 18,698.4 kWh 

- February: 53 (Rows) X 84 (module) X 6.6 (kWh per month) = 29,383.2 kWh 

- March: 53 (Rows) X 84 (module) X 7.2 (kWh per month) = 32,054.4 kWh 

- April: 53 (Rows) X 84 (module) X 6.0 (kWh per month) = 26,712 kWh 

- May: 53 (Rows) X 84 (module) X 7.2 (kWh per month) = 32,054.4 kWh 

- Jun: 53 (Rows) X 84 (module) X 7.2 (kWh per month) = 32,054.4 kWh 

- July: 53 (Rows) X 84 (module) X 7.2 (kWh per month) = 32,054.4 kWh 

- August: 53 (Rows) X 84 (module) X 7.8 (kWh per month) = 34,725.6 kWh 

- September: 53 (Rows) X 84 (module) X 5.1 (kWh per month) = 22,705.2 kWh 

Figure 28: eQuest (High-Rise 

North Facade) 
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- October: 53 (Rows) X 84 (module) X 4.2 (kWh per month) = 18,698.4 kWh 

- November: 53 (Rows) X 84 (module) X 3.6 (kWh per month) = 16,027.2 kWh 

- December: 53 (Rows) X 84 (module) X 3.6 (kWh per month) = 16,027.2 kWh 

o Total Energy production (kWh) per year from the North façade: 31,1194.8 kWh 

o 17,7825.6 kWh (W Façade) + 31,1194.8 kWh (N Façade) = 48,9020.4 kWh 

o 48,9020.4 kWh - 75,9350 kWh = Need 27,0329.6 kWh 

 

 

5.6 Hybrid System 

Dubai is one of the hot/humid regions that could get benefits from free source of energy. 

Wind is already discussed in the previous chapters, another renewable energy that could 

do a significant saving in energy specifically in Dubai is “Solar energy” by integrating 

photovoltaics panels with the proposed system.  

 

 

 

 

 
Figure 29: Hybrid System 

(Lee, J., Park, J., Jung, H.-J., & Park, J., 2017) 
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In this case the guide vane will be covered with a silicon-based PV (Figure 29). “Silicon 

cell PV system installed on the guide vane can generate Pmax 300Wp/module with a 

15% conversion efficiency from a photovoltaic (PV) system and a 0.149 power 

coefficient/module from wind turbines in categorized urban contexts and office 

buildings” (Lee, J., Park, J., Jung, H.-J., & Park, J., 2017, p.5). 

 Based on the (Appendix F) The ASHRAE classification for UAE is 1B zone. UAE has a 

hug potential for both solar potentials around 1.43 and wind potential around 0.96, the 

total potential is 1.19. 
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CHAPTER SIX: 6.0 BREATHING IN THE WIND SYSTEM 

6.1 Breathing in the Wind Concept 

This concept has been developed to serve Dubai city needs for a building-integrated 

system that doesn’t rely on a mechanical system to cool the high-rise office buildings. 

Besides this system aims to achieve a high level of workplace comfortable for employees, 

a user-friendly building with a double skin façade, a minimum energy requirement for 

cooling and the integration for natural energy sources. 

Previously in this research, Dubai climate has been discussed, natural ventilation could be 

introduced in high-rise buildings by knowing the direction and the comfort temperature 

for humans during the year. It’s really critical when we design a building, we focus on the 

people who work inside the building and how we can help them to feel more comfortable 

working on their workplace. One of the main targets is to reach human thermal comfort 

and then reduce the energy consumption in buildings. (Appendix G) shows the 

psychometric chart for the air movement that suitable to be used inside the building each 

month. For example, in January there are around 284 hours that we can rely on natural 

ventilation to ventilate the building directly. However, there are still a couple of months 

in Dubai where natural ventilation is not suitable to be used directly such as Jun, July, 

August, and September where the temperature could reach 102 °F so it has to be 

conditioned and filtered before supplying it to the workplace. 

The double-skin façade provides an effective shield in high-rise buildings against direct 

solar radiation, high wind speed, noise, and rain and protects the exterior sunshades from 

strong winds, allowing them to be used effectively in all weather conditions. Wind vane 
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able to effectively collect the incoming wind and increase its speed to a sufficient level 

for the rotor to generate electricity.  

Savonius rotor is used which has a lower noise and vibration level besides its small 

diameter. It generates electricity besides slow the air movement in the cavity, by slowing 

the wind speed by the rotor it will be efficient to use it inside the building in specific 

months where the natural ventilation thermally comfortable. The empty space or the 

cavity of the double-skin façade plays the role as a passage for the wind passing through 

the mini wind turbines to flow out of the building easily.  

“Controlled Barometric Damper” located at each floor level will introduce the regulated 

ventilation Indirectly in specific months inside the office buildings by sucking the air in, 

conditioned and filtered through the underfloor shaft then supply it to the office building. 

However, during winter the cooler air will be filtered and supply it directly to the office 

building. (Figure 30) clarifies breathing in the wind concept. 

 

 

 

 

 

 

 

 

Figure 30: 3D Drawing of Breathing in the Wind Concept  
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6.2 System Component 

Breathing in the wind system has 10 components (Figure 31). Firstly, Wind vane with 

controlled hinges that able to effectively collect the incoming wind and increase its speed 

to a sufficient level. The second component is mini wind turbines which have a lower 

noise and vibration level besides underfloor shaft which contain dust filter and chilled 

water heat exchanger to cool the hot and dusty air during the summer.  

On the other hand, other components such as operable panels covered with dust filtered 

will be used during the winter season where the air is comfortable to be directly supplied 

inside the office building. PV panels one of the components that will be on the West 

façade of the building producing energy all year round. Floor-type supply discharge will 

supply the cool filtered air to the office building while the hot air will be exhausted by 

using wall type discharge register and it’s the last component in the system.  

 

 

 

 

 

 

 

 

Figure 31: System Components 
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6.3  Proposed Material Palette 

The material for both the wind vane and the mini wind turbines will be made from 

stainless steel light aluminum panel which is against rusting and its strong and flexible 

material for wind vane movement. Tatum underfloor cooling system will be used for the 

under-floor shaft to cool it during the summer season then supply it indirectly to the 

office building. The glass in the wind vane will be made from fixed plexiglass units, it's 

flexible and will prevent the dust from accumulating in the cavity. (Table 2) shows the 

material used in the double skin façade system.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Proposed Material Palette 
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6.4 System Design and Operation  

In this system, natural ventilation will be supplied to the high-rise building all year round 

whether there is wind or not depends on two modes. In addition, the system will supply 

natural ventilation either direct or indirect depends on the season in Dubai city.  

 

6.4.1 Mode 1 (Wind is Available) 

Wind in Dubai is available all year round, the average wind speed in Dubai is 8.5mph 

throughout the year. The first mode of breathing in the wind system is happing when 

there is the availability of wind and depends on which season. For example, during the 

summer the air will be super-hot, the temperature could reach 102 ºF during the daytime. 

So, in order to supply natural ventilation, it should be conditioned and filtered since 

Dubai weather is dust too. (Figure 32) shows the concept of the air movement during the 

summer season with the availability of wind. 

 

 

 

 

 

 

 

Figure 32: Mode 1 Concept (Summer Indirectly supplied to space) 
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Breathing in the wind concept has been developed. The building façade has two different 

modes where the wind is available (Mode1) and when it’s not (Mode 2). (Figure 33) 

shows step by step mode 1 North building façade in summer where the windows on the 

second skin are closed due to the hot climate which makes it uncomfortable for the 

occupant to use natural ventilation directly. North building façade consists of wind vane 

as the first façade which has the ability to collect the incoming wind and increase its 

speed to sufficient level for the mini wind turbines to generate electricity and move air to 

be sucked into the building by a controlled barometric damper.  

The second layer of the building façade is the mini wind turbines which have a lower 

noise and vibration level and spins to create electricity, it captures the kinetic energy in 

wind and converts it into mechanical power that used in the office building appliances all 

year round. The second skin of the façade introduced the regulated ventilation indirectly 

to the office building by underfloor shaft where the natural ventilation filtered, 

conditioned and fed back into the offices. 

 

 

 

 

 

 

 

Figure 33: Mode1 North Building Façade (Summer)   
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North façade during the summer season in Dubai where the temperature could reach 

102ºF the double-skin façade delivers fresh air at low velocity through the cavity and as 

warm air from the building façade moves up, fresh air is pulled through the breathable 

building skin by natural convection. Wind Vane with controlled hinges will be self-

rotating by the wind to produce energy and able to effectively collect the incoming wind 

and increase its speed to a sufficient level for the mini wind turbines. After that, the warm 

outside regulated ventilation is sucked in by a controlled barometric damper into 

underfloor shaft Then it is conditioned by using a chilled water heat exchanger, filtered 

and fed back into the offices.  

 

 

 

 

 

 

 

 

 

Once the fresh air supplied to the office by floor type supply register it will flow through 

the workspace collecting heat from equipment and occupant as it moves up by convection 

creating a cooling effect and improving comfort levels. Then by using natural convection 

Figure 34: Mode1 North Building Façade (Summer) Air Movement   
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the warm air moves and sucked by a controlled barometric damper which exhausts the 

hot air through a wall type discharge register back to the cavity. Using natural ventilation 

directly during the summer season won’t be efficient because of the hot temperature 

besides the humidity in Dubai city so using dust filter and chilled water heat exchanger 

the natural ventilation could reach the human thermal comfort level. (Figure 34) shows 

how the system works during the summer season with the availability of wind. 

 

During the Winter season in Dubai city, the air will be thermally comforting during the 

daytime to supply it directly to the office space, the temperature would be between 

68.5°F to 75ºF. (Figure 35) shows the concept of the air movement during the winter 

season with the availability of wind. 

 

 

 

  

 

 

 

 

Figure 35: Mode 1 Concept (Winter directly supplied to space) 
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On the other hand, during the winter season in Dubai when there is the availability of 

wind, the office building will rely on regulated ventilation to cool the building directly. 

When the air in winter at certain temperature falling in the comfort zone it can be 

supplied directly through operable panel and dust filter to the office space and that will 

reduce the energy consumption of the building and improve the thermal comfort within 

the space by letting the occupant control the window due to the comfort condition in 

Dubai city during the winter season which makes relay on regulated ventilation is an 

effective solution for building cooling.  

 

 

 

 

 

 

 

 

 

North building façade consists of wind vane as the first façade which has the ability to 

collect the incoming wind and increase its speed to a sufficient level. The second layer of 

the building façade is the mini wind turbines (Savonius rotor type) which has a lower 

noise and vibration level and spins to create electricity, it captures the kinetic energy in 

Figure 36: Mode1 North Building Façade (Winter)   
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wind and converts it into mechanical power that used in the office building appliances all 

year round. The second skin of the façade introduced the regulated ventilation directly to 

the office space during the winter by the operable panel where the natural ventilation 

moves through dust filter attached to the panel in order to filter the dusty air in Dubai. 

(Figure 36) shows step by step North building façade during the winter season for the 

first mode.  

However, on the North façade office building in Dubai specifically in winter where 

natural ventilation is efficient to be used and its comfortable for the building occupant. 

Previously in this research, the eQuest file showed that the electric consumption in the 

office buildings is mainly from cooling, ventilation fans, and lighting. By using natural 

ventilation, the electric consumption of the ventilation fans will be reduced and that one 

of the main goals in this research is to reach the energy performance in the office high-

rise buildings in Dubai. (Figure 37) shows how the regulated ventilation will be 

introduced to the building by the double-skin façade during winter in mode1 when the 

wind is available. A double-skin façade with about 4ft cavity between the external skin 

which consists of wind vane and mini wind turbines and the primary façade. The double 

skin façade enables huge energy savings by providing an effective shield against high 

wind speed, noise, and rain and protects the exterior sunshades from strong winds, 

allowing them to be used effectively in all weather conditions. Besides, it harnesses the 

wind energy all year round and that green energy will reduce the energy consumption in 

the office building specifically for cooling purposes.  

Wind vane able to effectively collect the incoming wind and increase its speed to a 

sufficient level, while the empty space of the cavity plays the role as a passage for the 
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wind passing through the mini wind turbines to flow out of the building easily, the mini 

wind turbines will also slow the air movement in the cavity which makes it suitable to be 

used directly to the offices buildings. The excess heat in the cavity between the double 

skin façade is drained through a process known as the chimney effect, where differences 

in air density create a circular motion that causes warmer air to escape. As the air 

temperature in the cavity rises, it is pushed out, bringing a slight breeze to the 

surroundings while isolating against heat gain.  

 

 

 

 

 

 

 

 

Based on the LEED (Leadership in Energy and Environmental Design) recommendation, 

in order to get points for the thermal comfort, the occupant must have thermal comfort 

control for at least 50% of individual occupant spaces. In this concept operable panels 

used as a source of fresh air besides to reduce the ventilation fan's electricity 

consumption and it's manually controlled by the building user. The fresh cooler air flows 

through the workspace collecting heat from equipment & occupant as it moves up by 

Figure 37: Mode1 North Building Façade (Winter) Air Movement   
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convection creating a cooling effect & improving the comfort level at the office space. 

By using convection, warm air moves and is exhausted by controlled barometric damper 

through a wall type discharge register back to the cavity. 

 

 

6.4.2 Mode 2 (Wind is Not Available) 

Even though the wind is available in Dubai city all year round based on the previously 

climate analysis of Dubai, the wind is unreliable free source of energy besides the wind 

speed could be lower than 7.0 mph in specific condition in Dubai around 15 days per year 

which lead to stop the mini wind turbines from spinning and create energy and that will 

also stop the air movement that helps the building to suck the air in and supplied with 

regulated ventilation. 

 

 

 

 

 

 

 

 

Figure 38: Mode 2 Concept (Summer Indirectly supplied to space) 
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Based on this condition mode 2 has been developed in order to let the mini wind turbines 

work even when the wind factor is not available and that will be achieved by using the 

solar energy on the West façade of the building. The second mode of breathing in the 

wind system is happing when there is no wind in Dubai and depends on which season. 

For example, during the summer when there is no wind and the temperature reach to 102 

ºF during the daytime, regulated ventilation will be created by the mini wind turbines that 

use the solar energy from the PV in the West façade of the building and it will be 

conditioned and filtered since Dubai weather is dust too then supplied to the office space. 

(Figure 38) shows the concept of the air movement during the summer season with no 

wind. 

 

 

 

 

 

 

 

 

 

The West façade for mode 2 has a similar technique for mode 1 the only difference that 

the wind vane is covered with a silicon-based PV and the mini wind turbines are working 

Figure 39: Mode 2 West Building Façade (Summer)   
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by using the solar energy because of the missing wind factor so the solar energy is 

generated on the West façade from the PV panels will mainly be used to spin the mini 

wind turbines to create kinetic movement that helps the regulated ventilation to be used in 

the office building during the summer when there is no wind available. (Figure 39) shows 

step by step West building façade during the summer season for the second mode. 

In the West façade part of the wind vane covered with a silicon-based PV.  It can 

generate a Pmax 300Wp/module with a 15% conversion efficiency. The wind vane with 

controlled hinges will be rotating by the solar energy to produce energy and use the wind 

force to supply natural ventilation inside the building. As the warm air from the building 

façade moves up, fresh air is pulled through the breathable building skin. The warm 

outside air is sucked in by a controlled barometric damper from the space between the 

façades into underfloor shaft then it is conditioned by using a chilled water heat 

exchanger, filtered and fed back into the offices.  

 

 

 

 

 

 

 

 
Figure 40: Mode 2 West Building Façade (Summer) Air Movement   
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After that the fresh air will be supplied to the office through floor type supply register, 

the cooler air will flow through the workspace at the office collecting heat from 

equipment and occupant as it moves up by convection creating a cooling effect and 

improving human thermal comfort levels and it will be exhausted by controlled 

barometric damper through wall type discharge register. (Figure 40) shows how the 

regulated ventilation will be introduced to the building by the double-skin façade during 

summer in the second mode when the wind is not available. 

During the Winter season in Dubai city, the air will be thermally comforting during the 

daytime to supply it directly to the office space, the temperature would be between 

68.5°F to 75ºF. However, in mode 2 there will be no wind to rotate the mini wind 

turbines and, in that case, the turbines will be rotated by solar energy which is generated 

in the west building façade. (Figure 41) shows the concept of the air movement during 

the winter season with the no availability of wind. 

 

 

 

 

 

 

 

Figure 41: Mode 2 Concept (Winter directly supplied to space) 
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The West façade for mode 2 during the winter has a similar technique for mode 1. The 

only difference that on mode 2 there is no available wind and that means that the mini 

wind turbines will be rotating by using solar energy instead of wind to allow the 

regulated ventilation directly supplied to the office buildings to cool the building and to 

reach the energy performance instead of relying on the conventional cooling system. 

(Figure 42) shows step by step West building façade during the winter season for the 

second mode. 

 

 

 

 

 

 

 

 

 

However, West façade during the winter where the natural ventilation is a comfort to be 

used the wind vane with controlled hinges will be rotating by the solar energy to produce 

energy and use the wind force to supply cooler air inside the building. The difference 

between the North and West façade that the West double-skin façade will not only 

harness the wind energy it will also generate electricity from solar energy.  Part of the 

Figure 42: Mode 2 West Building Façade (Winter)   
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wind vane covered with a silicon-based PV.  According to Lee, J., Park, J., Jung, H.-J., & 

Park, J. (2017, p.5), It can generate Pmax 300Wp/module with a 15% conversion 

efficiency. The hybrid system was mentioned earlier in this research and this system will 

provide more green energy that could reduce the energy consumption since Dubai is 

hot/humid climate and have plenty of free source of energy such as solar radiation. 

As the warm air from the building façade cavity moves up, fresh air is pulled through the 

breathable building skin. Operable window used as a source of fresh cooler air besides to 

reduce the ventilation fans electricity consumption. The fresh air filtered by dust filter 

attached to the operable panel and flows through the workspace collecting heat and when 

the air warm up it will be exhausted by wall type discharge register. (Figure 43) shows 

how the regulated ventilation will be introduced to the building by the double-skin façade 

during winter in the second mode when the wind is not available. 

 

 

 

 

 

 

 

 

 

Figure 43: Mode 2 West building Façade (Winter) Air Movement   
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6.5 Design Views  

One of the important factors to reach the human thermal comfort on any space is to 

provide views. Quality views can provide the feeling of the connection between the 

building occupants and natural outdoor environment and that will help to reduce the sick 

building syndrome phenomena where the building occupants experience acute discomfort 

effect and health issue that appear to be attributed to time spent in a building and there is 

no specific cause for that illness.  

Based on the previous facts, breathing in the wind concept has integrated quality views 

with the double skin façade by having a special treating for a specific panel on each floor 

with fixed plexiglass units for viewing to the outside (Figure 44). Plexiglass is a crystal-

clear glass (transparency) that could see through it, it's also lightweight and flexible. 

Plexiglass is a perfect fit attached to the wind vane especially with wind movement, it 

also prevents the dust to accumulate in the building cavity. (Appendix H) shows the 

special panels treatment.  

 

 

 

 

 

 

 

Figure 44: Quality Views   
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CHAPTER SEVEN: 7.0 BREATHING IN THE WIND SYSTEM PHYSICAL MODEL   

7.1 Physical Model Process  

Breathing in the wind model help to visualize design aspects in the buildings such as 

scale, materiality, help to illustrate ideas and other design consideration. Two-

dimensional drawing sometimes cannot help us to understand and imagined a finished 

space. (Figure 45) shows the physical model of the proposed system and how it has been 

designed by firstly applying the first skin of the building envelope which shows open 

windows that used during the winter season in Highrise buildings and underfloor shaft 

that used to cool the regulated ventilation during the summer season in Dubai. Then 

applying the connection to the building façade and finally the second skin which consists 

of wind vanes and mini wind turbines that generate electricity from the double-skin 

façade.  

 

 

 

 

 

 

 

 

Figure 45: Model Process    
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7.2 Air Movement Building Façade  

Natural ventilation will be supplied to the office high-rise building all year round in 

Dubai city in both seasons winter and summer. During winter natural ventilation will be 

supplied directly to space in contrast to summer where the hot air must be filtered and 

conditioned before it can be supplied to the office. 

(Figure 46) shows the differences in temperature for the air movement when it moves 

from the outside passing through the mini wind turbines then it slows down when it 

reaches to the cavity so it can be supplied to the building directly whenever the exterior 

condition is falling into the comfort zone. After that, the air will be floor supply register 

or directly supply by operable panel depend on which season and after that will be 

discharged from the office building by using controlled barometric dampers that force the 

air to move outside the building which is called a wall type discharge register.   

 

 

 

 

 

 

 

 

Figure 46: Air Movement (Physical Model)    
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CHAPTER EIGHT: 8.0 CONCLUSION 

Breathing in the wind system has been developed in this research paper to achieve an 

important target which is energy performance and human thermal comfort in Highrise 

office buildings. Integrated double-skin façade has served Dubai climate needs and 

reduced the dependency on the conventional systems to cool the buildings and that would 

save a lot of energy consumed by Highrise buildings. Dubai Highrise buildings need a 

building-integrated system such as breathing in the wind system that let the building 

breath and at the same time serve the occupants needs and that achieved by a double skin 

façade that harnessing the wind power, solar power, maintain views, use of natural 

ventilation and provide shading.  

Wind power is generated in this system by using mini wind turbines which has lots of 

advantages such as structural enforcement is not necessary if it considered in the early 

stage of the design. Besides, it's aesthetical pleasant, has a lower noise level, lower 

vibration and not killing the birds. The double skin façade of this system is also used 

solar power by using PV panels covered the West façade that generates the electricity up 

to 300Wp/module and rotates the wind turbines on the second mode. Maintains the views 

that are also part of the envelope design to reduce the sick building syndrome for the 

building occupants and reach the quality views and human thermal comfort. In addition, 

this system uses natural ventilation all year round to stop the dependency on the 

conventional cooling system and reduce the ventilation fan's energy consumption. Wind 

vane in the system is also used for shading which is the number one passive cooling 

strategy in Dubai since its hot climate and also based on climate analysis. 
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By creating this system, it shows us it’s time to stop relying on the conventional cooling 

system and start to use building-integrated system that reduce the energy consumption 

and achieve the human thermal comfort. This system could develop in lots of ways such 

as do a deeper study in the cost, daylight integrated with building dimmers system. 

Besides, the material of the wind vane could be developed more, for example, consider 

the use of translucent PV panels that could help to maintain more views for the building 

envelope. In addition, the adaptability of this system to be used in different regions with 

different climates such as the Tucson (Hot/Arid) region where water sprinkles could be 

added to the system to increase the moisture in the air and help to cool it. By applying 

breathing in the wind system, it would contribute to saving lots of energy in Highrise’s 

commercial buildings in Dubai city and it will help to reduce the carbon footprint as its 

one of the major concerns in Dubai since 2010 and that corresponding also for Dubai 

vision for 2021. 

 

 

 

 

 

 

 

 



70 
 

APPENDIX A 

Natural Ventilation % and direction in Dubai City  
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APPENDIX B 

Mid-rise Building Electric Consumption (kWh) and Monthly Utility Bills Graph  
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APPENDIX C 

High-rise Building Electric Consumption (kWh) and Monthly Utility Bills Graph  
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APPENDIX D 

eQuest Monthly Electric Peak Load Profile for Mid-Rise Buildings in Each Month in 

Dubai 
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eQuest Monthly Electric Peak Load Profile for HighRise Buildings in Each Month in 

Dubai  
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APPENDIX E 

The wind speed at the entrance drastically decreases, it increases up to almost two times 

the approaching velocity value  
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At Points 6 and 7, the wind speed becomes almost zero because the guide vane blocks the 

incoming wind at these points. It shows that the guide vane effectively prevents negative 

torque generation on half of the rotor position 
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The wind speed at the exit of the guide vane, point 9, kept its velocity until it reached 

Point 11. Wind flows after the rotor rapidly passed through so low pressure behind the 

proposed system was maintained 
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APPENDIX F 

City Information and Energy Potential (UAE, Dubai) 
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APPENDIX G 

Dubai Psychrometric Chart (Air Movement) for Each Months  
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APPENDIX H 

Double-Skin Façade Special Panel Treatment with fixed Plexiglass unit  
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