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Iraqi homes currently experience power outages for 12 hours per day during the summer, 

leading residents to pursue alternatives to achieve more consistent power sources. The 

combination of a hot, arid climate and traditional building construction results in high 

energy consumption for thermal comfort (a large cooling load). This study explores an 

integrated strategy combining adaptive thermal comfort (ATC) and improved building 

envelope design to reduce energy consumption in typical Iraqi homes. Using IESVE 

software, energy consumption was modeled for three types of buildings (baseline, 

developed, and ultra) without and with ceiling fans as part of the adaptive thermal comfort 

strategy. The innovation is represented in quantifying the building energy performance 

under ATC by resizing the HVAC (heating, ventilation, and air conditioning) system for a 

typical Iraqi house as integrated with a ceiling fan. The simulation results showed that 

integrating ceiling fans can expand the thermal comfort zone, thereby reducing the cooling 

load and overall energy consumption. Results demonstrated that cooling energy savings 

increased up to 48% with resizing, while electricity demand reduction of 21% was 

observed across all scenarios and CO₂ emissions reduction of 18%. Implementing these 

strategies could enhance energy resilience and contribute to a sustainable future in hot 

climate regions like Iraq. 
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1. INTRODUCTION

Iraqi homes currently experience power outages for 12 

hours per day during the summer, leading residents to pursue 

dangerous alternatives for more consistent power supplies. 

The hot-arid climate and building and construction practices 

in the country lead to significant energy consumption to 

achieve thermal comfort, especially in the summer. 

Furthermore, electricity is generated from fossil fuels, 

significantly contributing to greenhouse gas (GHG) emissions 

[1]. In Iraq, buildings consume around 80% of electricity 

demand in residential (55%), commercial, and governmental 

buildings, and 98% of electricity in Iraq is from fossil fuels, 

according to the Ministry of Electricity (MOE) annual report 

2023 [2]. This contributes to global warming and climate 

change. During the cooling season, the high load demand from 

air-conditioning units (ACs) results in electricity shortages. 

Consequently, Iraqi citizens face limited electricity supply, 

with only 12 hours of availability during the summer [3]. 

Reducing energy consumption for cooling purposes will 

significantly contribute to alleviating the grid load and 

reducing CO2 emissions. 

According to the American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers (ASHRAE) 

Standards of 2013 [4], the climate in Iraq is characterized as 

very hot and dry, with air temperatures reaching up to 48℃ 

during summertime and an average relative humidity of 

approximately 20%. 

A ceiling fan is one of the most common devices used for 

building cooling. A literature review of the most important 

features of ceiling fans by Wandre et al. [5], such as design, 

construction, blade materials, noise reduction, aerodynamics, 

fan geometry, and structural analysis, will provide all the 

possible information related to ceiling fans for future research. 

A 2D and 3D numerical model for a person standing in an air-

conditioned room was developed as a steady-state air flow and 

heat transfer to investigate the effect of a ceiling fan on the 

characteristics of thermal comfort. The result showed that with 

increasing air speed from the ceiling fan, the characteristics of 

thermal comfort significantly shift toward the cooler scale [6]. 
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Creating an indoor breeze in an air-conditioned space is 

necessary to achieve thermal comfort. The fan parameters, 

such as location, diameter, number of blades, and speed, were 

investigated by Bassiouny and Korah [7] to find the induced 

flow pattern features in the space. The results show that the 

flow pattern has various features as it leaves the fan towards 

the floor. Furthermore, Hsiao et al. [8] studied the optimization 

for parameters of a ceiling fan (diameter, camber angle, 

stagger angle, number of blades, vertical and horizontal 

inclination angle, glide angle, etc.) for a person sitting in front 

of a computer by using CFD. The results showed that (after 

analyzing the thermal comfort conditions for the model) 

improving convection heat transfer is required to reach a better 

heat dissipation from the body of the person, and the fan can 

keep the thermal comfort at a reasonable level and greatly save 

the consumption of power. 

To optimize the direct proportion between energy 

consumption and the greenhouse effect under a sustainable 

environment, Lin [9] investigated the relationship between the 

temperature of the human body and ceiling fan airflow (by 

changing fan speed and the blade plane) by using a simulation 

model. The results showed that the thermal comfort conditions 

improved by using a ceiling fan, and it was possible to keep an 

accepted comfort level (a higher heat load) to avoid 

deterioration of the sustainable environment. Luo et al. [10] 

investigated the thermal comfort concept; thermal manikins 

and humans were subjected to an experiment inside the hall 

with different ambient temperatures and various operation 

modes for the fan with respect to the ceiling-fan-integrated air-

conditioning concept. 

Bamdad et al. [11] studied the cooling-saving energy in 

Australian climate zones using mixed-mode ventilation and 

ceiling fans in mixed mode. The modeling was done in six 

cities (office buildings) with three climate scenarios (present 

and future). The result showed that the mixed-mode strategy 

had a moderate reduction in energy savings, but when 

integrated with a ceiling fan, it will provide additional energy 

savings of up to 23 percent for the present and 15 percent for 

the future. This was an investigation (in India) of both the set-

point temperature for the cooling unit and the air velocity 

necessary for achieving thermal comfort with a reduction in 

energy in mixed-mode buildings. The results showed a 79% 

probability that comfort conditions can be achieved by a 3K 

temperature drop [12]. Although some research exists, there is 

a lack of evidence on the energy savings from using ceiling 

fans, so they studied the energy performance of a room (in 

India) with various set temperatures (28℃ and 30℃ compared 

to 24℃) and ceiling fan speeds [13]. The results showed 

energy savings of 44% and 67% for both 28℃ and 30℃, 

respectively. 

The total consumption can be reduced enough to be met 

through solar PV panels, as mentioned by Arifin et al. [14], 

thus theoretically mitigating the power outages, eliminating 

dangerous alternative power supplies, and reducing 

operational GHG emissions. Given the externalities associated 

with CO₂ emissions, such as climate change and global 

warming, it is the responsibility of designers and researchers 

to commit to reducing CO₂ emissions. Considering that 

buildings contribute to 30% of overall CO₂ emissions (EPA, 

n.d.), energy-efficient buildings are essential to a sustainable 

future [15]. 

To reduce the high energy demand in cities, Kareem and 

Saleem [16] analyze the interaction between social activities, 

residential patterns, and green transportation through survey-

based research. While the study by Al-Rubaye et al. [17] 

proposed to use new sustainable material to achieve good 

insulation with low environmental impact. 

A considerable amount of electricity is consumed to provide 

thermal comfort, particularly cooling the space during the 

summer. This leads to electricity outages during the cooling 

season as the utility grid is overwhelmed by the high load of 

air-conditioning units. As a result, Iraqis typically have 12 

hours of electricity per day when the load on the utility grid 

peaks during the summer months. 

This study aims to combine the ATC approach by using 

ceiling fans with typical and enhanced Iraqi residential 

buildings to reduce overall energy consumption and carbon 

emissions. The key objectives of this study are as follows: 

(1) Simulate and compare the cooling energy and overall 

energy consumption for all building envelopes (ultra, 

developed, and baseline) with the ATC strategy. 

(2) Reducing HVAC cooling load by expanding the 

thermal comfort conditions by using a ceiling fan. 

(3) To quantify the overall energy saving and reduction of 

CO₂ emission as a result of using ATC and resizing the 

HVAC system. 

 

 

2. METHODS 

 

A typical Iraqi house will be modeled using IES VE 

software. Energy consumption will be estimated with and 

without ceiling fans (adaptive approach vs. normal approach). 

The required temperature for both approaches will be 

determined using the Center for the Built Environment’s 

(CBE’s) thermal comfort tool, which complies with ASHRAE 

standards. For the adaptive approach, there will be two 

scenarios. One is when the same HVAC system is used for the 

normal approach, and the second is when the system is resized 

to fit the newly targeted conditions of the adaptive approach. 

These simulations will be conducted for three types of 

envelopes. These types are baseline, developed envelope, and 

ultra-envelope, as proposed by some researchers [18, 19]. 

 

2.1 Building location and weather data 

 

The site location is in Samawah, Iraq. The weather is very 

hot, dry, and dusty, and its climate zone is categorized as being 

in the 1B class according to ASHRAE [4]. The weather data 

was imported to IES VE software from EPW [20], and then 

Climate Consultant 6.0 software was used to present the dry 

bulb temperature X relative humidity as Figure 1(a), monthly 

diurnal averages as Figure 1(b), which show the global 

horizontal, direct, and diffuse radiation (Wh/s.q.m) with 

average dry bulb and wet bulb temperature, and finally the 

wind velocity and directions illustrated in Figure 1(c). 

 

2.2 Description of the house 

 

A typical Iraqi house design has been chosen to be modeled 

(the same model as the studies of Al-Naseri et al. [18] and 

Fryer et al. [19]). Figure 2 presents the house floor plan. The 

far end of the house is bedrooms (private zone), the middle 

part of the house is the living room and bathroom (semiprivate 

zone), and the front part is the kitchen and the guest room 

(public zone). 
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(a) Dry bulb temperature X relative humidity 

 

 
(b) Monthly diurnal averages 

 

 
(c) Wind wheel 

 

Figure 1. The climates condition in Samawah, Iraq 
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Figure 2. Floor Plan of typicsl Iraqi house 

 

 
 

Figure 3. Occupancy schedules for different zones of the house 

 

 
 

Figure 4. Internal gains and plug load schedules 

 

2.3 Ventilation and infiltration rate of the house 

 

For the baseline model, no mechanical ventilation is 

introduced as the assumed infiltration rate is 5 ACH. While for 

the developed envelope model and the ultra-model, the 

infiltration rate is (0.6 ACH50 under the standards of the 
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Passivhaus Institute (PHI)). Mechanical ventilation was 

introduced for the airtight developed envelopes. The quantity 

of introduced ventilation complies with the International 

Residential Code (IRC) [21]. 

 

2.4 Envelope, occupancy, and description of the HVAC 

 

In Iraqi houses, only occupied spaces are being conditioned. 

The AC units are turned on when spaces are occupied and off 

when they are not. Figure 3 presents the normal occupancy 

schedules of the spaces in an Iraqi house. These schedules 

have been developed based on typical Iraqi family behavior. 

While Figure 4 presents internal gains and plug load, 

indicating schedules. 

Table 1 presents envelope details for baseline, developed, 

and ultra-envelopes. The baseline model has zero insulation, 

while the Ultra model has the highest possible insulation, 

equal to 25 inches of polystyrene. Windows in the developed 

model are the same as in the baseline model, but they are 60% 

shaded. 

 

Table 1. Envelope details for baseline, developed, and ultra 

models 

 

Model 
Envelop (R-Value) 

Roof Wall Floor Windows 

Baseline 0.93 2.6 0.2 0.986 

Developed 25 26 23 0.986 

Ultra 59 60 58 0.282 

All R- value in (hr)(ft²)(°F)/Btu 

 

For ultra-envelopes, the higher cost of insulation can be 

overcome with a long term of energy saving. While for the 

environmental impacts, sustainable insulation materials with 

lower embodied energy can be considered, and local sourcing 

could reduce transportation-related emissions. 

Figure 5 presents HVAC and other house systems that will 

be considered for energy simulation. In Iraq, the HVAC 

system is not centralized, and only occupied spaces are cooled. 

Kitchens and bathrooms are not provided with AC units. 

There is no one rule for Iraqis to choose the size of the AC 

unit; the larger the capacity, the better. In many cases, it is 

either oversized or downsized. For energy modeling, the 

systems of the baseline, developed, and ultra models have been 

sized so that they have the minimum possible cooling capacity 

to provide thermal comfort on the hottest day of the year. 

Higher temperatures are required for the adaptive approach to 

be considered for energy consumption, using the same system 

size as the normal approach, and when the system is 

downsized to fit the needs of the adaptive approach, higher 

temperatures are required. 

 

2.5 Thermal comfort conditions and simulated cases 

 

Nine simulations will be conducted: three for each envelope, 

one for the normal approach, and two for the adaptive 

approach. Indoor thermal comfort conditioned for both 

approaches is determined using the CBE tool, compliant with 

ASHRAE requirements, as follows: 

(1) For the normal approach, the indoor temperature will be 

set to 77℉ with zero air movement. 

(2) In the first adaptive approach simulation, the 

temperature is set to 84℉ with an air speed of 0.8 m/s using 

the same AC unit size as the normal approach. 

(3) In the second adaptive approach simulation, the system 

is resized to fit the new indoor conditions required for the 

adaptive approach. 

 

2.6 Assumption 

 

A typical Iraqi house will be modeled using IES VE 

software. Every time an energy simulation is run, indoor 

thermal comfort in the occupied space is checked. Air 

movement in between rooms is neglected. 

 

2.7 Simulations steps 

 

The factors that will be considering in Simulations already 

mention in item (2.1 to 2.5) which included building location, 

geometry and design, Climate, the envelopes, internal and 

external heat gain, thermal comfort condition, infiltration and 

ventilation, and finally HVAC system. 

The modelling steps by using IES VE software shown in 

Figure 6. 

 

 
 

Figure 5. HVAC systems and associated building services configuration 
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Figure 6. Modelling flowchart by using IES VE software 

 

 

3. RESULTS AND ANALYSIS 
 

3.1 Cooling load and overall energy consumption 
 

Table 2 presents the system sizing for all three envelopes 

along with the percentage of the system sizing reductions. The 

average sizing reduction for the baseline is the lowest, while 

the developed envelope shows the highest reduction. 

After running the simulations, energy consumption and 

energy savings were calculated. Figures 7 and 8 present details 

of energy savings in cooling loads, and overall energy savings 

have been presented for the three envelopes before and after 

resizing the system. 
 

sizing reduction =
Normal AC Unit Size (kBtu)

𝑅𝑒𝑠𝑖𝑧𝑒𝑑 AC Unit Size (kBtu)
 (1) 

 

Figure 7 presents the increase in cooling energy savings 

after resizing the system in comparison with the cooling 

energy savings before resizing the system in the baseline, 

developed, and ultra-envelopes of 31%, 44%, and 48%, 

respectively. 

The highest energy savings were achieved in the baseline 

model, while the lowest system sizing cut was in the baseline 

(as shown in Table 2). Figure 8 shows that resizing the system 

contributes to about 30% more overall energy savings 

compared to the energy savings without resizing in the 

baseline. While in the developed and ultra-models, resizing the 

system contributes to about 40% more overall energy savings 

in comparison with the energy savings before resizing. 

It is noted that the higher performance envelopes the less 

energy saving achieved using the strategy of the ceiling fans. 

On the contrary, the better the envelope, the less overall energy 

is required to cool the buildings. 
 

 
 

Figure 7. Energy savings in cooling load from ATC and 

resizing the system 
 

 
 

Figure 8. Overall energy savings achieved through ATC and 

resizing HVAC system 
 

Table 2. AC system sizing for each envelope, resized system for adaptive approach, and how much cut in system sizing 
 

Model Space 
AC Unit Size (kBtu) 

Avg. Sizing Cut (%) 
Master Bedroom Bedroom Living Room Guest Room 

Baseline 

Normal 24 24 42 36 

20 Resized 18 18 36 30 

Sizing Cut 0.25 0.25 0.14 0.17 

Developed 

Normal 12 12 24 18 

49 Resized 5 5 14 11 

Sizing Cut 0.58 0.58 0.42 0.39 

Ultra 

Normal 8 8 18 12 

39 Resized 5 5 11 7 

Sizing Cut 0.38 0.38 0.39 0.42 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

Baseline Developed Ultra

Before Resizing the System After Resizing the System

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

Baseline Developed Ultra

Before Resizing the System After Resizing the System
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3.2 Environmental impact (CO2 emissions) 

 

Figure 9 presents the actual CO₂ emissions with the total 

energy production in Iraq from 2020 to 2023 according to the 

annual report for MOE [2] with 0.81 pounds/kWh (regarding 

the U.S. Energy Information Administration [22]). 

 

 
 

Figure 9. Historical annual energy demand and CO2 

emssions in Iraq (2021-2023) 

 

 
 

Figure 10. Projected reduction in CO2 emissions using ATC 

strategies 

 

Figure 10 presents the reduction in CO2 emissions with the 

total energy production in Iraq from 2020 to 2023 if the Iraq 

policy used the proposed scenario with a baseline envelope, 

which will lead to a reduction in the CO2 emission range of 7-

13% and in the total energy consumption range of 12-21% 

with approximately zero cost. 

 

 

4. MODEL VALIDATION 

 

For baseline model the cooling energy saving after resizing 

reach up to 35% and overall energy saving will be up to 20%, 

that match with research resulted by Kent et al. [23], it showed 

that the energy saving for zero energy office in Singapore were 

32% by extending the thermal comfort temperature from 24℃ 

without using fan to 26.5℃ with using a fan, that was applied 

for 11 weeks without any change in thermal satisfaction. 

 

 

5. CONCLUSIONS 

 

(1) Baseline envelope: Traditional construction, unshaded 

windows, and no insulation (low initial cost). 

• Poor thermal performance. 

• Highest cooling energy saving. 

• Cooling energy saving reaches up to 31% 

after resizing. 

• High overall energy consumption. 

• Overall energy savings are around 30% after 

resizing. 

(2) Developed envelope: Improved insulation with the 

same windows as the baseline but with 60% shading. 

(Moderate budget housing projects). 

• Highest cooling energy saving. 

• Cooling energy saving reaches up to 44% after 

resizing. 

• Overall energy savings of around 40% after 

resizing. 

(3) Ultra-envelope: Highest insulation and low U-value for 

windows (high initial cost). 

• Lowest overall energy consumption. 

• Cooling energy saving reaches up to 48% after 

resizing. 

• Overall energy savings of around 40% after 

resizing. 

• Recommended for a new project with 

sustainable design goals. 

(4) Applying the proposed strategy in Iraq will lead to a 

decrease in CO₂ emissions by 21% and total energy 

consumption by 21% compared to 2023. 
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