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ABSTRACT

This study investigates the impact of the intense usage of air-conditioning systems on the thermal comfort
requirements of building occupants. It compares the thermal comfort requirements of building occupants in Iraq and
Gulf Cooperation Council (GCC) countries. Iraqis have limited usage of air-conditioning units, whilst people in GCC
countries intensely operate these systems. Research work underpinning this article involved undertaking a year-long
thermal comfort survey in Iraq, and an intensive analysis of thermal comfort studies conducted in GCC countries.
Results show that, in Iraq, people experience a 2—50 °C annual indoor temperature range, and their annual comfort
range is 14-35 °C. In GCC countries, due to the intense usage of air-conditioning systems, the widest recorded
annual indoor temperature range is 17.2-31.0 °C, and the widest annual comfort range is 20.0-27.8 °C. These results
demonstrate the significant impact of air-conditioning systems on narrowing the thermal comfort limits of building
occupants leading to high energy consumption. This study presents a novel comparison between two cases highlighting
the impact of air-conditioning systems on the thermal comfort requirements of building occupants. The results of this
study can be used to inform the development of thermal comfort standards that better consider people’s adaptation
capabilities to help reduce energy consumption for heating and cooling purposes.
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1. Introduction

Thermal comfort is one of the main re-
quirements of building occupants as it could
significantly affect their overall comfort level,
health and productivity . To ensure satisfying
the thermal requirements of occupants, build-
ing codes and standards have been developed
around the world to define required indoor
thermal conditions. In parallel, Heating, Venti-
lation, and Air-Conditioning (HVAC) systems
have been introduced and widely used to meet
the set thermal conditions by standards and to
provide a high level of thermal comfort to build-
ing occupants **. However, achieving thermal
comfort and the widespread usage of HVAC
systems have been associated with growing
levels of energy consumption * . Globally, on
average, 50% of consumed energy in buildings
is directed toward running HVAC systems . In
the Gulf Cooperation Council (GCC) countries,
in the Middle East, 70-80% of the energy used
in buildings is for operating air-conditioning
systems . In the European Union, 64% of con-
sumed energy is for heating purposes .

Accordingly, whilst the focus on maintain-
ing thermally comfortable indoor environments
is still present in building standards, there
have been intensive efforts aiming at reducing
the high energy consumption associated with
achieving thermal comfort. Studies and build-
ing codes have investigated and recommended
a range of design and construction strategies
that have helped with improving the thermal
performance of buildings leading to substantial
reductions in energy consumption ™' In par-
allel, studies have been investigating occupants’
behaviours related to achieving thermal comfort
in order to better understand occupants’ impact
on energy consumption, and to develop behav-
iour-driven strategies to reduce energy usage
in buildings "*"!. However, targets have not
been achieved yet, and energy consumption for
heating and cooling purposes has been steadily

increasing "',

Whilst research work is still in progress in
these two areas to achieve further improve-
ments, a number of recently conducted studies
argue that one of the reasons behind the high
energy consumption in buildings is related to
the thermal comfort requirements as defined
by thermal comfort standards ""*"'*. The devel-
opment of thermal comfort standards and the
definition of required indoor thermal conditions
have been accompanied by the development of
HVAC systems """ Hence, satisfying thermal
comfort standards is highly associated with the
availability and usage of HVAC systems. There-
fore, studies suggest that the determined thermal
comfort ranges in standards do not necessarily
correspond with the true thermal preferences
and adaptation capabilities of building occu-
pants. Scholars show that significant reductions
in energy consumption can be achieved by re-
visiting the defined thermal comfort thresholds
to better reflect people’s thermal requirements.
For example, whilst the recommended setpoint
temperature by the Kuwaiti code is 24 °C in
summer, Al-ajmi and Loveday (2010) found
that the neutral temperature for occupants in AC
residential buildings is 25.2 °C. It suggests that
over 10% reduction in energy consumption can
be achieved if the setpoint temperature is raised
by 1.2 °C. Taib et al. (2022) and Fukawa et al. (2021)
recommend extending the setpoint temperature range
by 1-5 °C, depending on the place, to reduce en-
ergy consumption.

Previous studies have provided useful in-
sights into the impact of determined thermal
comfort ranges in standards and setpoint tem-
peratures by building occupants on energy
consumption for heating and cooling purposes.
However, their underpinning fieldwork did not
allow them to determine the full tolerance of
building occupants with their thermal conditions
and the impact of HVAC systems on the thermal
comfort requirements of people. The reason is
that the majority of these studies were conduct-
ed in air-conditioned (AC) buildings in which



Journal of Architectural Environment & Structural Engineering Research | Volume 07 | Issue 01 | January 2024

occupants enjoyed highly controlled indoor
environments. These studies did not determine
the widest possible range of thermal conditions
that building occupants may accept. This study
suggests that higher reductions in energy con-
sumption can be achieved if building occupants’
comfort limits are determined as if energy con-
suming HVAC systems are not to be used, which
has not been investigated in previous studies.
This study aimed to address this research gap.
The investigation presented in this study com-
pares and contrasts the thermal comfort limits of
two populations that experience similar climatic
conditions but have different opportunities to
run energy consuming HVAC systems. In its
investigation, this study focuses on the impact
of cooling AC systems on building occupants’
comfort range. Studies stress that, due to the
climate change resulting from global warming,
energy consumed in buildings for cooling pur-
poses has been increasing and it is expected to

increase further in the future ',

2. Aims and objectives

This research aims to examine the impact of
the intense usage of AC systems on building oc-
cupants’ thermal comfort limits and to determine
their thermal adaptation capabilities in the ab-
sence or limited usage of these systems. It focus-
es on hot-climate regions, and it takes Iraq and
GCC countries as case studies to be compared.
Iraq presents a case where people are exposed to
extreme climatic conditions with limited access
to energy-consuming AC systems. GCC coun-
tries present a case where building occupants
intensely use AC systems to maintain specific
thermal comfort limits. To achieve the aim of
this study, the research had to address two ob-
jectives:

* Determine the thermal comfort limits of
Iraqis.

* Explore the thermal comfort limits of
building occupants in GCC countries.

3. Materials and methods

This research employed a quantitative re-
search methodology to achieve its aim and ob-
jectives. It involved undertaking a thermal com-
fort survey and meta-data analysis to determine
the thermal comfort limits of two groups of the
population that show different levels of depend-
ing on running AC systems to satisfy their ther-
mal comfort requirements. Iraq and GCC coun-
tries were used as case studies.

3.1 Case studies

This study determines and compares the
thermal comfort limits of building occupants in
Iraq and GCC countries. These countries experi-
ence a harsh hot climate, where, in summer, the
temperature reaches 50 °C “**°\. However, they
present different scenarios in the way building
occupants face the harsh hot weather. In Iraq,
since the Desert Storm War in 1991, due to
war damages and decades of low maintenance,
the country has suffered from major defects in
national electricity production *"**, The aver-
age daily electricity outage is six hours, and it
reaches higher levels during the hot season. The
unavailability of electrical power has limited
building occupants’ opportunities to operate en-
ergy-consuming AC systems “***.. On the con-
trary, in the GCC countries, the availability and
highly subsidised prices of energy have led to
an intense usage of AC systems ", Comparing
Iraqis and GCC residents’ thermal comfort lim-
its, thus, allowed to present a novel examination
of the long-term impact of AC systems on build-
ing occupants’ thermal comfort requirements. An
important factor that makes the comparison be-
tween Iraq and GCC countries of particular rel-
evance, and further justifies investigating these
two cases, 1s that communities in these coun-
tries share similar social and cultural values """,
which neutralises the impact of such factors on
the comparison presented by this study. Social and
cultural factors, such as clothing and the percep-
tion of privacy, affect people’s thermal preferences
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and thermal comfort-related behaviours ">,

3.2 Adopted methods

Previous literature includes several studies
determining the thermal comfort limits of build-
ing occupants in GCC countries, whilst there are
limited studies on the Iraqi context. According-
ly, two independent lines of investigation were
undertaken in this research (Figure 1). The first
line of investigation included undertaking a ther-
mal comfort survey to determine Iraqis’ thermal
comfort limits and their level of dependence on
AC systems. The second line of investigation
included undertaking a meta-data analysis of
available literature and it aimed to determine the
thermal comfort thresholds of building occu-
pants in GCC countries. The impact of AC sys-
tems on building occupants’ thermal preferences
and comfort limits was determined by compar-
ing and contrasting the thermal comfort limits of
building occupants in Iraq and GCC countries.

3.3 Deployment of methodology
Thermal comfort limits in Iraq
To determine the thermal comfort limits of Iraqis,

Objective 01

Long period of limited
usage of energy
consuming AC systems

the first objective of this research, the study worked
on developing an adaptive thermal comfort model
for Iraq. In comparison to the other thermal comfort
model, the static model, the adaptive model offers
better assessment and predictions of people’s thermal
sensation and comfort level, in particular, in mixed-
mode and naturally ventilated spaces "**. Mixed
mode (MM) ventilation refers to the approach where
both natural ventilation and mechanical systems are
used for ventilation, heating, and cooling purposes.
Exploring previous literature shows that there is no
national Iraqi thermal comfort standard that can be
used to determine Iraqis’ thermal comfort limits, but
two thermal comfort studies were conducted in Bagh-
dad "***!, However, they do not serve the aim of this
research of determining Iraqis’ comfort limits. The
first study was conducted by Webb (1964) in homes,
and the second study was conducted by Rashid et
al. (2018) in classrooms. These two studies do not
propose an adaptive thermal comfort model for the
country. International thermal comfort standards,
such as ASHRAE 55 and EN 16798, are not useful
for determining the true comfort limits of Iraqis.
These standards have been developed from experi-
ments, in most cases, in moderate climate zones **,
which makes them inaccurate when applied to
hot-climate regions °*~*.

GCC residents’
thermal

\  comfort limits

Decades of Intense
usage of energy
consuming AC systems

\ preferences /

Objective 02

Study Aim
/ ™\ Determining

Comparing »| Iraqis’ thermal Undertake Concluding
two case comfort limits |7 the | t

i thermal comparing e Impac

studies to comfort survey. and of AC

examine the Similar cfimate > trasti systems on

impact of AC — & cultural/social contrasting building
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thermal Undertake meta comfort thermal
comfort and ( Determining \ data analysis of limits comfort &

B literature.

\ preferences )

Figure 1. Employed research methodology.
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To develop the needed adaptive thermal com-
fort model for Iraq, a thermal comfort survey was
conducted in the country from October 2017 to
October 2018. The survey was carried out in resi-
dential buildings and grounded on a set of thermal
comfort studies. In particular, the survey considered
the guide Adaptive Thermal Comfort: Principles
and Practice by Nicole et al. (2012). Three criteria
were considered to develop a representative sam-
ple to obtain reliable and generalisable results. The
first one was to select participants from different
cities in the country. The second one was to ensure
that participating households did not have alterna-
tive sources of energy production that could enable
them to overcome the common electricity shortage
challenge in the country and make intense usage of
AC units. The third criterion was to use a sample
size of, at least, twenty participants giving, at least,
2000 thermal comfort votes, which is the threshold
suggested by Nicol et al. (2012) to obtain reliable re-
sults. Participants were selected and recruited using
the convenience sampling technique. The research
required recruiting committed participants willing
to record their comfort votes and provide the need-
ed data for the whole twelve-month duration of the
study. The convenience sampling technique allowed
the research to achieve this objective. Potential par-
ticipants were first contacted by telephone, and they
were briefed about the study including its aims and
the participation requirements. Eight households
from four Iraqi cities accepted to participate, which
were Mosul, Erbil, Baghdad and El-Ramadi. These
households included more than seventy participants,
which met the targeted sample size. All participating
households were living in terrace and semi-detached
houses. All the surveyed indoor spaces were of
mixed-mode ventilation type.

The survey form was developed by considering
similar survey forms used in previous studies and
based on insights from a pilot study conducted in
Iraq for this purpose. Preparing survey forms based
on successful previous surveys [and specialised
guides guarantees the reliability and validity of the
survey ", The survey sheet was designed as a ta-

ble with four main columns and twenty rows. Each
row was dedicated to recording the thermal condi-
tions and thermal sensation of a participant at a spe-
cific point in time. With regard to columns, the first
column was for participants to put their identification
codes and the time and date of their participation.
Participants were asked to give themselves unique
identification codes to facilitate data analysis. The
second column was for the participants to record the
thermal conditions of their residential spaces. The
third column was for participants to define the used
system(s) to control the microclimatic conditions of
their residential spaces. These included AC units,
heaters, fans, evaporative coolers, and whether win-
dows are opened or closed. The final column was for
the participants to record their thermal sensations on
a seven-point scale from very cold to very hot (Fig-
ure 2). The survey sheet included instructions about
how to record thermal sensations and indoor spaces’
thermal conditions. Participants were asked to con-
duct the survey at least three times a week, and each
participating household was expected to complete
multiple sheets during the study period.

This research used the Globe Temperature (Tg) to
assess Iraqis’ thermal sensation. Tg combines the impact
of air temperature, air velocity and radiation in its val-
ue, which makes it an inclusive measurement *. Tg is
recommended by Nicol et al. (2012), and it has been
confirmed by other studies as an appropriate index
to determine people’s actual thermal sensation .
Eight Calibrated Extech HT30 Heat Stress meters were
purchased and delivered to participants in Iraq. This
instrument measures Tg, it is manufacturer calibrat-
ed, easy to use, and with acceptable accuracy. The Tg
measurement range of the Extech HT30 Heat Stress
meter is 0-80 °C and its accuracy level is £ 2 °C. This
instrument has been used in thermal comfort studies
published in peer-reviewed journals **". To ensure
true recordings of thermal conditions, participants
were taught how to use the device by the researcher
when it was first delivered to them. Key instructions
were included on the survey sheet, and participants
were also provided with a user manual in Arabic.

Data were arranged and analysed using Microsoft
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Figure 2. Iraq survey form.

Excel and IBM SPSS Statistics 24. The aim of the
analysis was to develop an adaptive thermal comfort
model for Iraq. As per Nicole et al. (2012), the anal-
ysis included undertaking a regression analysis to
define the comfortable temperature range as record-
ed by participants for the annual range of outside
temperature. The analysis of the collected data from
Iraq also focused on exploring the usage of heating
and cooling systems by participants. The percentages
of using these systems over the twelve-month period
of the conducted fieldwork were determined to de-
fine the heating and cooling periods, the peak points
of using these systems, and the most used systems
for cooling and heating purposes. In particular, the
research focused on determining the level of using
energy consuming AC systems by Iraqis to control
their residential spaces. The determined usage of AC
systems in Iraq was compared with the usage pattern
in GCC countries to help with concluding the im-
pact of these systems on building occupants’ thermal
comfort limits and requirements in the two contexts.

Thermal comfort limits in GCC countries

There are no national thermal comfort standards de-
veloped by GCC countries, and the national formal com-
pliance procedures across these countries adopt the in-
ternational ASHRAE 55 and ISO 7730 standards ****.

However, unlike the case of Iraq, exploring previous
literature showed that there is a wide range of studies
that have determined thermal comfort limits in GCC
countries. The results of these studies were found
to be satisfactory to address the second objective of
this article. Accordingly, this research conducted a
meta-data analysis of the available literature instead
of undertaking thermal comfort studies in GCC coun-
tries. This research method has been used in previous
literature for similar purposes .

The search for thermal comfort studies in GCC
countries was conducted using online search en-

(30521 The research focused on articles pre-

gines
senting actual thermal comfort studies conducted in
buildings in one or more of the GCC countries and
published in peer-reviewed journals or presented in
peer-reviewed conferences. Available relevant doc-
toral studies were also considered in this study. The
investigation was done using the saturation approach,
in which the investigation continued until no new
results were found ">**. This search found twelve
research studies on occupants’ thermal comfort lim-
its in residential, office, educational and religious
buildings (Table 1). These studies present data from
five countries: the Kingdom of Saudi Arabia (KSA),
the United Arab Emirates (UAE), Qatar, Kuwait and
the Sultanate of Oman. Reflecting the widespread



Journal of Architectural Environment & Structural Engineering Research | Volume 07 | Issue 01 | January 2024

usage of AC systems, ten of these examined studies
were conducted in AC buildings, and only two stud-
ies reported on MM buildings. The analysis focused
on determining occupants’ thermal comfort limits,
recorded indoor thermal conditions, and the usage of
AC systems.

In analysing the data of these studies, the research
determined the average upper and lower thermal
comfort thresholds in GCC countries to be compared
with Iraqis’ thermal comfort limits. The research also
determined the highest and the lowest recorded tem-
peratures experienced by building occupants in GCC
countries to be compared with the thermal conditions
experienced by Iraqis. As this study aims to deter-
mine the impact of AC systems on occupants’ ther-
mal comfort ranges, data from MM buildings was
excluded from analysing thermal comfort limits and
AC systems usage in GCC countries. These compar-
isons allowed the research to conclude the impact of

AC systems on the thermal comfort requirements of
building occupants. It was noted that, in some cas-
es, the same datasets are presented and analysed in
multiple articles to serve several objectives and draw
different conclusions. To avoid counting these data-
sets multiple times and distorting the findings of this
research, studies reporting similar datasets were ex-
cluded from the data analysis. Having the examined
studies conducted in a range of building types was
seen not to be affecting the results of comparing their
conditions with the examined residential buildings
in Iraq. Due to the high level of similarities, it has
been reported in previous literature that results from
thermal comfort studies in GCC countries are highly
similar regardless of the building type or location .
Also, EN 16798 suggests that results from office
buildings are still applicable to residential buildings
and any other building type with mainly sedentary

activities ).

Table 1. Descriptive summary of the found thermal comfort studies in GCC countries.

Study Country Ventilation mode Study period No. of votes/participants
. 5 AC residential units -
[56] ]
Indraganti et al., 2021 Doha, Qatar 1| MM residential unit Dec 20-Mar21 9 participants
Indraganti and Humphreys, 2021 **! Doha, Qatar 10 AC offices Jan 16-Jan 17 3742 votes
2 AC Schools .
. Doha, Qatar 9 AC Offices May—Sep 19 377 participants
Elnaklah et al., 2021 ™ S ACM Dec 17an 18
. osques ec 17-Jan 18, .
Dubai, UAE 4 AC Offices June 19 52 participants
Al-ajmi, 2020 7 Kuwait, Kuwait 7 AC educational buildings ~ Summer 136 participants
) 301 Muscat, Oman 5 AC schools B
Al-Khatri et al., 2020 Cold season 567 participants
Jeddah, KSA 3 AC schools
Indraganti and Boussaa, 2018 © Doha, Qatar 10 AC offices Jan 16-Jan 17 3742 votes
Indraganti and Boussaa, 2017 ! Doha, Qatar 9 AC office buildings May—Sep 16 1926 votes
Alshaikh, 2016 % Dammam, KSA 20 MM residential buildings Jan 14, Aug 13. 561 votes
Indraganti and Boussaa, 2016 ©” Doha, Qatar 10 AC. Offices Jan 16-Jan 17 1174 participants
Indraganti et al., 2016 ' Doha, Qatar 8 AC offices Jan—-Apr 2016 1362 votes
Al-ajmi, 2010 " Kuwait, Kuwait 6 AC mosques Summer 140 participants
. .\ . . . oy May—Oct 06 ..
- 18] Y
Al-ajmi and Loveday, 2010 5 cities, Kuwait 25 AC residential buildings May-Oct 07 111 participants

Notes:

e Indraganti and Humphreys, 2021; Indraganti and Boussaa, 2018; Indraganti and Boussaa, 2017 and Indraganti et al., 2016
present similar datasets to Indraganti and Boussaa, 2016. These four studies presenting similar datasets were excluded from the

conducted analysis by this study.

e Data from MM buildings presented by Alshaikh, 2016 and Indraganti et al., 2021 were excluded from the undertaken analysis
to determine average thermal comfort limits in GCC countries.
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4. Results and discussion

4.1 Thermal comfort in Iraq

Ninety people participated in the comfort survey
in Iraq. They were eight households consisting of 73
people who recorded their votes on a regular basis
over the year-long duration of the survey (Figure
3). The rest were irregular participants who partici-
pated in the survey when visiting the survey-hosting
households. Participants were adults between 18—60
years old. There were 32 participants from Mosul, 30
from Erbil, 18 from Baghdad and 10 from El-Ram-
adi. The total number of properly recorded thermal
comfort votes was 4797.

Collected data show that the monthly average
indoor global temperature ranges between 19-30
°C. However, global temperature as low as 2 °C was
recorded indoors in winter, and as high as 50 °C
was recorded in summer. The heating period is five
months long, from November to April. The cooling
period is nine months long and it is from March to
December. The lowest recorded outdoor air temper-
ature was —1 °C in January. The highest recorded
outdoor air temperature was 48 °C in July. The peak
usage of heating systems was in January, and the
peak usage of cooling systems was in July. Data also
shows periods where participants did not use heating
and cooling systems. The month with the highest
level of using these systems was July, and the month
that shows the lowest level of using these systems
was March.

Gas/kerosene/electric heaters and AC units were
used for heating purposes. Fans, evaporative cool-
ers, and AC units were used for cooling purposes
(Figure 4). The system with the strongest impact on

indoor thermal conditions was the AC units. As an
example, on the 19th of July, an AC unit was used
by one of the participating households to maintain
indoor thermal conditions at 16.9 °C below the
outdoor temperature. Figure 4 demonstrates the
distribution of the used cooling and heating systems
over the survey period. For heating purposes, the
most used heating system was heaters (kerosene,
gas, electric), and AC units were marginally used. In
January, the peak heating period, heaters were used
in 63% of the instances recorded by participants in
the survey, and AC units were used in 18% of the
recorded instances. For cooling purposes, fans were
the most used system to mitigate the harsh climatic
conditions in summer, followed by AC units, then
evaporative coolers. In July, the peak cooling period,
fans were used in 63% of the instances recorded by
participants, while AC units were used in 49% of the
recorded instances.

To develop an adaptive thermal comfort mod-
el for Iraq, first, the annual running mean outdoor
air temperature was calculated based on data from
the Iraqi Meteorological Organisation and online
temperature records "°”. Then, a regression analysis
was conducted using the IBM SPSS Statistics 24
package to demonstrate the calculated running mean
outdoor air temperature against the recorded globe
temperatures by the survey participants for their
different thermal votes. Figure 5 shows the suggest-
ed adaptive thermal comfort model of this study for
Iraq based on collected data. With a 90% confidence
level, the graph shows that during winter, when the
running mean outdoor air temperature is 8 °C, the
comfortable global temperature is 14-24 °C. In sum-
mer, when the running mean outdoor air temperature
is 38.0 °C, the thermal comfort range is 25-35 °C.

Figure 3. Examples of the contexts where participants filled out the survey forms in Iraq.
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Kerosene Heaters Ceiling Fans Evaporative coolers Air-conditioning units (for cooling/heating)

Percentage of using heating and cooling systems (%)

AC-H H AC-C  Eco F w N
Jan 18 63 0 1 1 8 16 <
Feb 14 47 0 0 0 12 32 g
Mar 2 11 0 0 2 33 54 g 2
Apr 0 1 1 0 39 33 27 £ 2
May 0 1 17 11 44 21 10 g <
Jun 0 0 40 27 54 7 5 £ &
Jul 0 0 49 3% 636 0 # £
Aug 0 0 61 18 61 7 3 3
Sep 0 0 48 27 71 4 2
Oct 0 0 15 8 53 22 18
Nov 6 7 2 2 20 40 27
Dec 12 42 0 0 0 30 20
........... Max. outside Ta weesseissss Min, outside Ta e Ml€aN OUtSIdE Ta = + + = Meaninside Tg
> 4  Airconditioning -Heating x  Heater @ Air conditioning -Cooling
. + Evaporative Cooler ™ Fan 4 Natural ventilation (open window) % No heating/cooling used

AC-H:Air Conditioning — Heating; H:Heater; AC-C:Air Conditioning — Cooling; Eco:Evaporative Cooler; F: Fan; W: open window; N:No heating/cooling used; Ta: Air temp.; Tg:Globe temp.

Figure 4. Heating and cooling systems usage (%) in association with average indoor and outdoor temperatures (October 2017—
October 2018).

40.0

35.0
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3
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£ 200
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o Comfortable o Slightly cold o Slightly hot

Figure 5. Proposed adaptive thermal comfort model for Iraq.
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4.2 Thermal comfort in GCC countries

Analysed datasets from previous literature cov-
ered 2566 subjects and 78 AC Buildings. These
included 23 offices, 17 educational buildings, 8
mosques, and 30 residential units. Table 2 presents
the ranges of indoor thermal conditions and thermal
comfort limits for GCC countries as determined by
the examined studies. Whilst the outside tempera-
ture in these countries reaches 50 °C ¥, the average
minimum comfortable temperature is 22.5 °C, and
the average maximum comfortable temperature is
24.8 °C. The widest range of thermal comfort is
21.0-26.5 °C, as determined by Al-ajmi and Love-
day (2010) in residential buildings in Kuwait. The
narrowest thermal comfort range is 24-25 °C, which
was determined by Indraganti and Boussaa (2016) in
offices in Doha. The minimum reported comfortable
temperature is 20.0 °C, and the maximum comfort-
able temperature is 27.8 °C. The minimum recorded
indoor temperature is 17.2 °C, and the maximum
recorded indoor temperature is 31.0 °C ™%,

Regarding the usage of AC systems, analysed
studies highlight that AC units are intensely used in
GCC countries to the extent that, in summer, there
are cases where occupants experience overcooled

indoor spaces. Examined studies do not show that
heating and cooling systems other than AC units are
commonly used in GCC countries. Indraganti and
Boussaa (2017a) reported that, in nine examined
office buildings, 54% of the cases were with opera-
ble windows, but only 1.5% of these windows were
operated during the survey period. Indraganti et
al. (2021), showed that out of six residential build-
ings examined, five were dependent on AC units to
achieve thermal comfort.

4.3 Comparative study

Results demonstrate that building occupants in
Iraq and GCC countries, who share similar cultural
and social backgrounds and similar climatic condi-
tions, experience different indoor thermal conditions
and have different comfort ranges (Figure 6). On
the first hand, in Iraq, in residential buildings, the
recorded annual indoor temperature range is 2.0-50.0
°C. The lower comfort limit in winter is 14.0 °C,
and the upper comfort limit in summer is 35.0 °C.
On the other hand, in GCC countries, the minimum
and maximum recorded indoor temperatures are, re-
spectively, 17.2 °C and 31.0 °C. The minimum and
maximum recorded thermal comfort temperatures

Table 2. Thermal comfort limits in GCC countries.

Indoor temperature (Tg/Ta/To) (°C) Thermal comfort range Ta/Tg/To

City Study
Min Max Min Max
Elnaklah et al., 2021 © 17.2 26.1 20.0 23.0
Jeddah, KSA .
Al-Khatri et al., 2020 P 23.0 31.0 23.3 27.8
Indraganti and Boussaa, 2016 " 22.0 25.0 24.0 25.0
Doha, Qatar Elnaklah et al., 2021 17.2 26.1 23.0 25.0
Indraganti et al., 2021 B 17.6 22.0 Average 20.2
Dubai, UAE Elnaklah et al., 2021 ® 17.2 26.1 22.0 25.0
Muscat, Oman  Al-Khatri et al., 2020 ©” 20 29 22.6 26.1
Al-ajmi and Loveday, 2010 ¥ 19.5 28.1 21.0 26.5
Kuwait, Kuwait  Al-ajmi, 2010 ©" 18.5 28.6 Average 26.1
Al-ajmi, 2020 ®” 19.7 26.5 Average 22.9

Average thermal comfort range in GCC countries
based on previous literature

Min comfortable temperature 22.5

Max comfortable temperature 24.8

Note: Studies used three indices in assessing and determining indoor thermal conditions and occupants’ thermal comfort.
These included air temperature (T,), operative temperature (T,) and globe temperature (T,). In the present study, to facilitate the
comparison, it was assumed that the three used indices present equivalent assessments. Studies show no or marginal differences

between these three indices in surveyed indoor spaces.
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are, respectively, 20.0 and 27.8 °C. These differences
in the thermal comfort ranges of occupants between
Iraq and GCC countries result from the differences in
the thermal conditions of their surrounding environ-
ments, which can be primarily traced back to the dif-
ferent usage of energy-consuming AC units. Unlike
Iraqis, building occupants in GCC countries enjoy
running AC units to maintain narrow ranges of in-
door temperatures, which can be 20.0-30.0 °C lower
than the outside temperature. This impact of AC sys-
tems can also be seen when comparing the results of
Alshaikh (2016) with the results of other studies on
GCC countries. Alshaikh (2016) shows that building
occupants in MM ventilation residential buildings
in KSA are happy to accept up to 29 °C temperature
in summer and as low as 18 °C in winter. Although
this comfort range is still narrower than the comfort
range of Iraqis, it presents a relatively wider comfort
range than the found ranges in AC buildings in GCC

countries.
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Figure 6. Thermal comfort and indoor temperature ranges in

Iraq and GCC countries.

The comfort limits of Iraqis in summer, as deter-
mined by the present study, are similar to the com-
fort limits determined by Webb (1964) around sixty
years ago. In other words, Iraqis’ thermal comfort
limits have not changed over the past decades. Due
to the electricity shortage problem, Iraqis have not
been able to deploy and use AC units to the same ex-
tent used by their neighbouring GCC countries. As a
result, no or limited changes have developed in their
thermal adaptation and preferences. Agreeing with
the results of Rashid et al. (2018), this study found
that, in residential buildings, the most used heating
and cooling systems in Iraq are the ones with limited

11

impact on indoor thermal conditions, such as fans
in summer and kerosene/gas/electric heaters in win-
ter. In peak summer and winter, energy-consuming
AC units were used in less the 50% of the recorded
instances by participants in the conducted survey,
despite that AC units are more effective in providing
thermal comfort than other systems. On the contrary,
in GCC countries, since the development of their oil
industry in the 1970s, wealth and quick urbanisation
have been accompanied by escalated energy con-
sumption aimed, primarily, to achieve a high level of
thermal comfort. The usage of AC systems has been
steadily growing putting energy consumption in
these countries at the highest levels worldwide "***.,
Literature analysis suggests two main reasons
behind the intense air-conditioning usage and nar-
row comfort range in GCC countries, apart from the
harsh climatic conditions. The first reason is related
to the low energy prices in these countries, which,
for decades, have encouraged building occupants to
maintain intense usage of AC units ***”. Elnaklah
et al. (2021) presents a case study from Jordan in
which energy consumption was reduced by around
50% following a governmental decision to increase
energy tariffs. The second reason, which might have
led indoor spaces to be overcooled, is the formal
adoption of international thermal comfort standards,
such as the American ASHRAE 55 standard, in GCC
countries’ national building codes *”. International
standards have been originally developed for regions
of different climatic conditions than GCC countries.
There is no evidence showing that needed adjust-
ments have been made by GCC countries so that
local requirements and needs are considered **'*.
Figure 7 presents a comparison between the
adaptive thermal comfort model proposed by this
study for Iraq and the recommended indoor tem-
perature ranges in the building codes of UAE and
KSA. There is a high difference between the deter-
mined comfort limits of Iraqis and the set comfort
conditions by these building codes. Given the fact
Iraq and GCC countries share similar climatic and
cultural factors, this comparison demonstrates how
far these building codes are from the possible actu-
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al needs and potential tolerance of people in GCC
countries. Also, in the presented examples, building
codes set fixed annual indoor temperature ranges,
based on international standards, and with no consid-
eration for the changes in the outside climatic con-
ditions around the year. Dubai building code states
that HVAC systems shall be capable of providing
the range of internal conditions in for 95% of the
year. The recommended indoor temperature range is
22-25 °C '’ Accordingly, these building codes have
made the intense usage of AC systems as one of the
legal requirements in buildings, which has led to the

40.0

development of indoor environments where building
occupants experience fixed and narrow temperature
ranges. As a result, people have developed narrow
comfort ranges and limited tolerance to changes in
thermal conditions. If the proposed adaptive thermal
comfort model for Iraq is to be taken as a prospectus
comfort standard for GCC countries, the maximum
comfort temperature for summer could be raised by
9 °C, and the minimum comfort temperature for win-
ter could be reduced by 6 °C. Revisiting these stand-
ards as per these suggested thresholds could help to

. .. ) ,
achieve significant energy savings [18.64]
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Figure 7. Thermal comfort in Iraq in comparison to two standards in GCC countries.

Figure 8 compares the Iraqi adaptive thermal
comfort model with a model suggested for Qatar,
and the international thermal comfort models of
ASHRAE and EN 16798. This figure shows that the
lower comfort temperature for Iraq, as proposed by
this study, is below the lower comfort temperature as
defined by these two international standards. Simi-
larly, the upper comfort temperature from this study
is above the ones defined by both standards. As per
the Adaptive Model’s assumption that the comfort
range of building occupants is a function of the out-

12

door climate, this difference in the thermal comfort
limits between Iraqis, Europeans and Americans can
be traced back, primarily, to the climatic differenc-
es between the three contexts. However, the Qatari
Adaptive thermal comfort model performs against
this assumption of the adaptive model. Whilst the
Qataris live in a region where the temperature is at
higher levels in summer than in Europe, their upper
thermal comfort threshold is around 4 °C lower than
the Europeans’ upper comfort range. The upper ther-
mal comfort range for Qataris is 25 °C when the run-
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ning mean outdoor air temperature is 39 °C, whilst
it is 29 °C for the Europeans when the running mean
outdoor temperature is 30 °C. In comparison with
the Iraqi model, whilst the Qataris experience sim-
ilar outdoor climatic conditions of Iraq, their upper
thermal comfort threshold is around 5 °C lower than
the upper thermal comfort of Iraqis. This compari-
son between the Qataris, on the first hand, and the
Europeans and the Iraqis, on the other hand, shows
that the thermal comfort range of building occupants
is not necessarily a function of outdoor temperature,
but it could be indoor temperature. In other words,
indoor microclimatic conditions could have a larger
impact on forming building occupant’s thermal pref-
erences and comfort limits than outdoor conditions
(Figure 6). As argued by Cena and de Dear (2001),
this thermal comfort model for Qatar, which does not
follow the adaptive model’s theory, has resulted from
the intense usage of AC units in Qatar which has led

40.0

building occupants to be more affected by the indoor
temperature than the outdoor climatic conditions **',

Studies recommend re-introducing vernacular
architecture as a research-evidenced approach to
reduce energy consumption in buildings "“"*”. For
example, for more than three decades, studies have
been recommending re-using the traditional court-
yard building pattern in hot-climate regions for its
proven environmental efficiency " "*. The question
that can be raised based on the results of this study
is: if it is recommended to re-use the energy-efficient
architecture of the pre-HVAC era, will it be possible
to reduce energy consumption by bringing the ther-
mal comfort limits and preferences of building occu-
pants closer to their levels before the HVAC era? Is
it possible to increase the tolerance level of building
occupants without major interventions such as a war
or price shock?
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Figure 8. Comparison between the adaptive thermal comfort models of Iraq, ASHRAE, EN 16798 and Qatar.
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5. Conclusions and recommendations

This study investigated the impact of the intense
usage of energy-consuming AC systems on the ther-
mal comfort requirements of building occupants. The
study compared the thermal comfort limits of build-
ing occupants in Iraq and GCC countries, which rep-
resent two groups of the population that share similar
climatic challenges and social factors but have dif-
ferent access to the operation of energy-consuming
AC systems. A year-long thermal comfort survey
was conducted in eight houses in Iraq, which was
concluded by developing an adaptive thermal com-
fort model and determining the usage of heating and
cooling systems in the country. In parallel, twelve
thermal comfort studies conducted in GCC countries
were analysed to determine the thermal comfort lim-
its of building occupants in these countries and their
usage of AC systems.

As a result of three decades of electricity short-
age, Iraqis have adapted to accept their climatic
conditions with limited dependence on energy-con-
suming AC units. On the contrary, GCC countries’
residents, for decades, have used to intensely operate
AC units to achieve thermal comfort. This has result-
ed in separating them from the outside climatic con-
ditions and developing narrow comfort ranges and
limited tolerance to changing thermal conditions.
Iraqis experience an annual indoor temperature range
of 2-50 °C, whilst building occupants in GCC coun-
tries experience no more than 10 °C annual differ-
ence in indoor temperature. As a result, in summer,
when the outside temperature could reach 50 °C, Ira-
qis’ upper and lower comfortable temperatures are,
respectively, 25 °C and 35 °C, while the average an-
nual comfort range in GCC counties is 22.5-24.8 °C.
Iraqis, in the majority of cases, depend on relatively
low-energy-consuming heating and cooling systems,
such as heaters and fans. Building occupants in GCC
countries depend, almost solely, on energy-consum-
ing AC units. These results evidence that the decades
of intense usage of energy-consuming HVAC sys-
tems have significantly affected building occupants’
thermal comfort requirements.

Although the case of Iraqis might show extreme
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conditions of discomfort on occasions of electricity
cuts, results illustrate that considering building oc-
cupants’ adaptation abilities when setting thermal
comfort standards can help with achieving significant
reductions in energy consumption. One of the rea-
sons behind the intense usage of AC systems in GCC
countries is related to the adoption of inappropriate
thermal comfort standards in the building codes of
these countries, which could be the case in other
countries as well. The comparison presented by this
study suggests that revisiting GCC countries’ build-
ing codes to better reflect the climatic conditions of
this region and the actual adaptation capabilities of
people can help achieve significant energy savings.
Hence, it is essential for countries to develop national
building codes and thermal comfort standards that
reflect local challenges and needs and avoid imposing
inappropriate or irrelevant measures and conditions.
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