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ABSTRACT: In the coming decades, global warming and increase in temperature, in different regions of the world,
may change indoor and outdoor thermal comfort conditions and human health. The aim of this research was to study the
effects of global warming on thermal comfort conditions in indoor ambiences in Iran. To study the increase in temperature,
model for assessment of greenhouse-gas induced climate change scenario generator compound model has been used
together with four scenarios and to estimate thermal comfort conditions, adaptive model of the American Society of
Heating, Refrigerating and Air-conditioning Engineers has been used. In this study, Iran was divided into 30 zones,
outdoor conditions were obtained using meteorological data of 80 climatological stations and changes in neutral comfort
conditions in 2025, 2050, 2075 and 2100 were predicted. In accordance with each scenario, findings from this study
showed that temperature in the 30 zones will increase by 2100 to between 3.4 °C and 5.6 °C. In the coming decades and
in the 30 studied zones, neutral comfort temperature will increase and be higher and more intense in the central and
desert zones of Iran. The low increase in this temperature will be connected to the coastal areas of the Caspian and
Oman Sea in southeast Iran. This increase in temperature will be followed by a change in thermal comfort and indoor
energy consumption from 8.6 % to 13.1 % in air conditioning systems. As a result, passive methods as thermal inertia

are proposed as a possible solution.
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INTRODUCTION

Human life has evolved within the environment of
temperature, humidity, and solar radiation that has not
varied much for thousands of years; therefore, human
beings and the flora and fauna with which earth planet
is shared, have limited capacity to adapt to rapid or
extreme climatic changes (Berry et al., 2009). However,
consumption of fossil fuel by humans has increased
carbon dioxide and other greenhouse gases. As a result,
scenarios from the international panel of climate
change (IPCC) and general circulation models (GCM)
forecast that the rise in concentration of greenhouse
gases may increase global temperature (Radhi, 2009;
Willem and Christopher, 2009). Besides, new climatic
models forecast that if the level of carbon dioxide
continues to increase, the average temperature of the
earth will increase during this century from about 1.4
t05.8 °C (Pandy, 2005).
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This climatic changes and global warming may have
harmful effects on human life, such as drought,
destructive floods, increase in the frequency and
intensity of hurricanes and the increase in cold/warm
waves in different regions of the world which imperils
human health. Furthermore, based on reports of the
World Health Organization (WHO), the number of dead
owing to climatic changes will reach 150,000 humansin
many regions of the world; 3 % of the total number of
the dead (Piotrowicz, 2009).

Another immediate effect of the rise in temperature
in the coming decades is that it may change human
thermal comfort conditions. The ASHRAE consider
thermal comfort as mental conditions that indicate
satisfaction with thermal environment (ASHRAE 55,
2004; Lin and Deng, 2006; Abbaspour et al., 2008;
Etemad-Shahidi et al., 2010). This environment depends
on the interaction and mutual effect of temperature,
average radiation temperature, rate of airflow and air
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humidity (Prek, 2006). For example, when environmental
temperature is normal and lets human body maintain
its thermal balance without perspiration or trembling, a
human feels relief and, when the humidity is increased
on skin surface, it may disturb human comfort (Miller,
2008). As a result, global warming and increase in
temperature will change the neutral thermal comfort
sensation and human health.

Studies on human comfort, based in thermodynamic
analysis of a human’s thermal body (Prek, 2006), have
been conducted using different indexes. These indexes
have studied the effects of global warming and climatic
changes on bioclimatic, human comfort and stress
conditions (Sakoi et al., 2007; Tian and Love, 2008;
Zaman, 2010). These results could be applied in real
situations, particularly semi-open environments in
Greece (Matzarakis and Mayer, 1997) and Australia
(Spagnolo and Dear, 2003) and in urban areas (Gulyas
etal., 2006). Furthermore, during the last few decades,
it developed a series of studies about the relationship
between climatic changes and mortality in large cities
in the United States (Kalkstein and Greene, 1995) and
England and Wales (Langford and Bentham, 1995;
Martens, 1998). At the present time, it has developed a
special interest on these indexes in focus comfort
studies on related fields and simulation tests for energy
saving (Panjeshahi and Ataei, 2008; Orosa, 2009; Zeiler
and Boxem, 2009). Owing to these indexes, the future
comfort temperature is proposed and, in consequence,
ifitis needed, a heating ventilation and air conditioning
(HVAC) system.

These studies present special interest in some
countries, particularly Iran. In Iran, statistics show that
buildings account for about 39 % of total energy
consumption (Foruzanmehr and Nicol, 2008); itisequal
t0 30 % of its annual oil income, with 50 % being wasted.
Finally, using and wasting energy, air-conditioned
energy-dependent buildings emit more greenhouse
gases that drive global warming (Foruzanmehr and
Nicol, 2008).

Thus, there is a need for urgent action and here, the
buildings are the first work point. Besides, most of the
20" century buildings are dependent on air-conditioned
systems and electricity that rely on fossil fuels; they
are increasingly unable to adapt to a warming climate.

In contrast to modern buildings, vernacular
architecture in many regions is more adaptable to the
environment. The buildings in the desert are equipped
with thick walls, wind catchers, courtyards, ponds,

fountains, rich gardens and vaulted chambers,
according to principles evolved over many
generations. As a result, these buildings use local
construction materials, passive cooling and heating,
and renewable energy.

In spite of its importance, traditional architecture
and its methods and strategies, especially those of the
hot and arid climates of Iran, are undervalued and not
used in new constructions. Besides, few attempts have
been made to investigate the local architecture of
Central Iran. Moreover, there are few comprehensive
studies on the relationship between temperature
increase resulting from global warming and the
effectiveness of passive cooling systems (Roshan et
al., 2009; Praveena and Aris, 2010). The extent, to which
traditional systems could provide comfort conditions
in these buildings, has not been the subject of many
studies and the way buildings can withstand extremely
hot summer temperatures has not been well addressed.

This research was conducted for the purpose of
studying effects of global warming on the limit to
outdoor thermal comfort conditions in Iran. For this
reason, according to global warming models, thermal
comfort conditions in Iran have been studied for 2025,
2050, 2075 and 2100.

Finally, this research finished at the end of January,
2010 as a common work between researchers in
Department of Geography of University of Tehran in
Iran and Department of Energy and M.P., University of
A Corufia, in Spain.

MATERIALS AND METHODS
Climate change models

To study bioclimatic conditions of the last decade,
the data from climatological stations located in the 30
zones of Iran, for a 25-year period (1981-2005), have
been used for the purpose of forecasting and modeling
temperature change owing to an increase in greenhouse
gases.

In this study, to predict the global warming effect,
MAGICC SCENGEN compound model was used.
MAGICC consists of a set of interrelated simple models.
This model uses some parameters as input in modeling
process; the most important of which is climatic
sensitivity. The regional and global SCENGEN is not
only a climatic model, but it also includes results of
many GCMs, as well as a set of global perceptional
data and four sets of regional climate data (Kont et al.
2003).
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Calculations for Iran’s UKHADGEM (United
Kingdom Hadley Center Global Environment Model)
have been used for four IPCC-suggested scenarios.
Iran country located between 25 and 40° latitude and
44 and 63.5° east longitude could be divided into 30
geographical zones where temperature changes have
been modeled. Due to such a geographical situation,
provinces located in the west and northwest are not
included in the zone, with 2.5 degree division power.
Table 1 and Fig. 1 showthe geographical situation and
boundaries of the 30 zones.

Structure of MAGICC SCENGEN model

MAGICC is a model for assessment of gas-induced
climate changes and is comprised of a set of simple
interrelated models. This model makes use of some
parameters as input in the simulation process, the most
important of which is climate sensitivity. The fact is
that this model is used for the purpose of forecasting
and simulating climate parameters with regard to these
inputs for the future years and for different regions.
Indeed, MAGICC is not a GCM model but it uses the
data of some climate models to simulate GCM models
behavior for the considered region. In other words,
this model is composed of a gas cycle, as well as snow
melting models which allows the user to determine the
average global temperature changes and the datum level

changes according to greenhouse gases dispersion
(Kontetal., 2003).

SCENGEN is a regional and global scenario
generator. This model is not only a climatic model but a
simple database, including results of many GCMs, as
well as a set of global perceptional data and four sets
of regional climate data. The fact is that SCENGEN is
simple software which allows the user to make use of
the results of MAGICC model and the general
circulation models. It also pave the way for the user to
recognize the consequences using different
presuppositions in regard to climate system
parameters. The scenarios of this model are forecasted
from dispersion of greenhouse gases in the future,
using different hypotheses in relation to human
activities, policies and technology applications, etc.
(Kont et al., 2003). By this method, 20 GCM models
can be used separately or in groups. In case of selecting
several GCM models, the program averages them and
produces a compound model of climate change.

Optimal indoor temperature

However, in accordance with (Foruzanmehr and
Nicol, 2008), once climate change is predicted, it will be
interesting to define the effect of future outdoor
temperature over indoor ambiences and, in particular,
the effect of passive methods to improve these future

45°0°0"E 50°0°0”E 55°0°0”E 60°0°0"E 65°0°0”E
40°0°0”"N 40°0°0”"N
- ¥ .
et <*1., Caspian Sea _
5% £ TH S
\5. L2 ' {;T‘:» - _ iy 3":}—5-'\' ,_J‘S/ b
k ':i__ e e e Al B L
W - |
3500°0"'N S o J 8 e L 3500°0"'N
2 = - <
g =SS i
A A = La.__;_
- L 5 S G
B AR s o
{ p 16 o \r “44 .
s L i T
30°0°0"'N WIS 22T P (T T 30°0°0"'N
p Y I N L YR
‘\@\— 27 | ) A -
L 2 25
B 20 o 29
N e ¥ -‘ L 5,
) i i Persian Gulf A | 307
25°070""N W . iR 25°070""N
s
0 95 190 380 570 760
km
45°0°0"E 50°0°0”E 55°0°0”E 60°0°0"E 65°0°0”E
Fig. 1: Division of the 30 zones of Iran based on the MAGICC SCENGEN model
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Table 1: Calculation zones location in MAGICC SCENGEN model

Position of Provinces Longitude (E) Latitude (N) Regions
West Caspian sea -Ghilan 50-52.5 37.5-40 1
Northwest Gulestan 52.5-55 37.5-40 2
Gulestan 55-57.5 37.5-40 3
North Khorasan 57.5-60 37.5-40 4
North Khorasan Razavi 60-62.5 37.5-40 5
North Esfahan- East Arak: East Ghazvi: Qom: Tehran 50-52.5 35-375 6
Mazandaran-West Semnan 52.5-55 35-37.5 7
South and East Semnan: North Yazd 55-57.5 35-375 8
West Khorasan Razavi 57.5- 60 35-375 9
East Khorasan Razavi 60-62.5 35-375 10
West Esfahan 50-52.5 32.5-35 11
East Esfahan 52.5-55 32.5-35 12
East Yazd 55-57.5 32.5-35 13
West of southern Khorasan 57.5- 60 32.5-35 14
East of Southern Khorasan 60-62.5 32.5-35 15
Kohgiloye: Boyer Ahmad: Chahar Mahal Bakhtiyar: South Isfahan 50-52.5 32.5-35 16
Southeast Esfahan: South Yazd 52.5-55 30-32.5 17
West Yazd: North and Northwest Kerman 55-57.5 30-32.5 18
Northeast Kerman: South of Southern Khorasan 57.6- 60 30-32.5 19
North Sistan and Balochistan 60-62.5 30-325 20
Boshehr: West Fars 50-52.5 27.5-30 21
East Fars 52.5-55 27.5-30 22
Northwest Hormozgan: Southeest Kerman 55-57.5 27.5-30 23
East Kerman- West Sistsn and Balochistan 57.5-60 27.5-30 24
East Sistan and Balochistan 60-62.5 27.5-30 25
South Boshehr 50-52.5 25-375 26
South Fars 52.5-55 25-375 27
West Hormozgan 55-57.5 25-375 28
East Hormozgan: South Kerma: -Southwest Sistan 57.5- 60 25-37.5 29
Southeast Sistan and Balochistan 60-62.5 25-37.5 30

conditions. Besides, the following three main aspects
of vernacular buildings must be studied and analysed.

(1) physical and cultural;

(2) thermal comfort;

(3) energy performance aspects of vernacular buildings
in comparison with modern buildings.

Besides, from the cultural point of view, Iran’s
existing courtyards built 130 years ago showed a good
effect of thermal mass in modulating the temperature
inside the house. In addition, closed doors and windows
facing northeast and southwest were another reason
for this phenomenon (Foruzanmehr and Nicol, 2008).
Asaresult, it became evident that this passive courtyard
building, in the central parts of Iran, works very well in
terms of modulating the temperature swings, lowering
the ambient temperature by the use of different
traditional passive cooling strategies and providing the
occupants with various temperatures during the hot
summer. If the thermal comfort aspect is considered in
accordance with (Nicol, 2004), in theory at least, the
predicted mean vote (PMV) should predict the

temperature at which people are comfortable
regardless of the local conditions. The equations, on
which it is based, take account of changes in clothing
and activity; thus, it should be able to predict thermal
sensation, irrespective of where it is used. Despite
this, in tropical conditions, it fails and suggests a
higher expected PMV that implies a higher cooling
energy. To solve this problem, empirical findings of
field surveys can be used as a guide for informing the
design of buildings to provide comfortable
conditions. For example, recent research, such as
‘smart controls and thermal comfort (SCATS)’ project
(Nicol and Humphreys, 2007), funded by the
European Commission in 1997-2000, sampled the
indoor conditions in 26 offices in various countries,
particularly France, Greece, Portugal, Sweden and the
United Kingdom. After relating the sampled values
with the survey’s results, it has concluded that the
comfort temperature (T ) is a function of the
exponentially weighted running mean of the daily
mean outdoor temperature (Trm) with .= 0.8, as seen
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in Egs. 1 and 2. This o is a constant between 0 and 1,
which defines the speed at which the running mean
responds to the outdoor temperature.

For running operation:

T.,=0.33.T +18.8 .
For heated of"cooled operation:

@
T.=0.09-T  +22.6 )

In accordance with (Fransson et al., 2007), today
they rely in subjective and objective indicators for
assessing the indoor conditions (ISO, 1995; Orosa,
2009). Furthermore, in (Fransson etal., 2007), regression
analyses indicated that the subjective sensory ratings
were significantly better than objective indicators at
predicting overall-rated indoor comfort.

In these studies, Nicol and Humphrey challenged
steady-state comfort theories with the introduction of
adaptive comfort theory (Nicol and Humphreys., 1973,;
McCartney and Nicol, 2002). The theory shows that
occupants of an indoor ambience can support
conditions over steady-state owing to the fact that
they can adapt to their environment. Eight years later,
in 1978, Humphrey induced the argument that this
comfort temperature is related with the external
temperature at the location (Humphreys, 1978), as seen
inEq. 3.

T, =b+aT, ©)

Where, T_is the comfort temperature and T _ is the
outside temperature index and a, b are constants.

In (Nicol and Humphreys, 2002), the comfort
temperature in free-running buildings depends on
outdoor temperature. Besides, Humphrey and Nicol
(Humphreys and Nicol, 2000) presented Eq. 4 and
ASHRAE (2004) proposed a similar model in Eq. 5
(Orosa, 2009).

T, =135+054-T, @

T, =17.8+0.31-T, ©)

In (Nicol and Humphreys, 2002), the relationship
between the desired indoor temperature and the range
of outdoor temperatures showed that night cooling is
likely to be a viable way to keep the building
comfortable during the day in summer, or to calculate
whether passive solar heating will be enough in winter.

575

It was employed in Islamabad, Pakistan, and showed
the temperature differential between outdoors and
indoors, which the building had to achieve to remain
comfortable indoors (Nicol, 2004); it will be applied
under predicted outdoor temperatures in the next few
years, as a consequence of climatic change.

Finally, the energy performance aspect must be
considered. Once obtained, the future neutral
temperature of Iran indoor ambiences will be compared
with the present neutral temperature of thermal comfort.
With these values, the perceptual increment of energy
required to cool indoor air can be calculated to respect
present conditions. Results clearly show that, if in this
climate and type of building, a mechanical cooling and
heating system is needed or a passive climate control
method is sufficient.

The methodology described in (Olalekan et al., 2006;
Orasa and Oliveira, 2009) was employed to calculate
energy consumption needed to achieve ideal comfort
conditions. In this research, seasonal energy
consumption is estimated as a function of the
ventilation rate of outdoor air and enthalpy difference
between present and future indoor neutral air
conditions and present and future outdoor conditions,
as seenin Egs. 6, -8.

Q = ri‘lventilatiu.llé‘h dt (6)
Where;
m = hfuture_outdoor_ future indoor (7)
m = hpresengoutdoor_ present indoor (8)

h..... i the future indoor air enthalpy after climate
change effect and h is the present indoor air
present
enthalpy.

In order to study thermal neutral comfort conditions
in Iran, comfort temperature-adapted index presented
by ASHRAE (2004) has been used in Eq. 5. To apply
this method, it is to be taken into account that during
summer temperature floats freely. This procedure pave
the way to define the expected change in energy
consumption.

RESULTS AND DISCUSSION

Results of this temperature simulations for years
2025’s, 2050’s, 2075’s and 2100’s were analysed and
represented in Figs. 2-6.
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Iran’s temperature changes

In order to study temperature changes in the 30
zones of Iran, data from the 80 climatological stations
have been selected to show the present temperature
and compare it with the temperature in the coming
decades. Besides, four scenarios suggested by IPCC
have been used for studying temperature changes in
the coming decades: BIAIM, AIASF, BIASF and
AIMES.

The following interpretation of each of these
scenarios will be paid by:

Scenarios of Al family
The hypotheses of these scenarios are mainly based
on the followings:
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= Increase of the education level of the families.

» Increase of the investment rate and inventions in
the field of education, technology and energy in
national and international levels.

» The international activity and dynamism of the
population, ideas and technology.

» Thescenarios of Al family reflect the ambiguities in
the field of energy resources development and
technologies’ changes in the changing world.

Scenarios of B1 family

The main element of this family is based upon the
principal that the future will enjoy a great deal of social
and environmental awareness aiming at stable
development and on this basis, it tries to forecast the
future ambiguities. In better words, based on the
scenarios of this group, the governments, the
businessmen, the media, and the people will pay more
attention to environmental and social aspects of
development. In general, in the coming decades, most
of the zones in Iran will experience a considerable
temperature rise, as seen in Fig. 1. This temperature
rise will be higher and more intense in some regions
than others and the maximum rise is related to the
AIASF scenario. According to the used scenarios,
the maximum increase in temperature is related to
zones 12 (East Isfahan), 13 (East Yazd), 18 (West Yazd,
North and Northwest Kerman), 19 (Northeast Kerman,
South of southern Khorasan) and 20 (North Sistan
Baluchestan). The least rise in temperature in the
coming decades is related to zones 1 (West Caspian
Sea, West Gilan), 2 (Northwest Golestan) and 3
(Golestan). Regarding the effect of greenhouse gas
increase and owing to the results of scenarios, the
highest increase in temperature is related to the
internal and lower parts of Iran. At present, these parts
have an arid climate and are far from humidity
resources.Further from the central regions of Iran and
close to south and north coastal areas, the rate of
temperature rise, in the coming decades decreases.
In fact, regions close to the coast and south and north
latitudes will experience a lower increase in
temperature in the future, in comparison with the
central and internal regions. In general, average
temperature in the 30 zones of Iran is about 19.9 °C at
present. The average rise in temperature by 2100 will
be 4.6 based on the AIMES scenario, 4.3 °C on BIASF,
5.6 °C on AIASF and 3.4 °C on BIAIM.

Changes in thermal comfort conditions

Based on results of the scenarios, the increase in
Tc from the present time till 2050 will be considerable
and intense. If the increasing trend in temperature is
paid attention, thermal comfort conditions will
experience some changes in the coming decades.
Thermal comfort conditions in Iran have been studied,
based on the adaptive method suggested by
ASHRAE (2004).

Fig. 3shows T_changes based on AIMES scenario
in 30 zones of Iran. Results of AIMES that Tcin all 30
zones will have an average increase of 1.2 °C by 2100
and that the maximum increase is related to Central
Iran and desert regions. In fact, these regions are
known as zones 18, 19, 20 which include northwest
Kerman, east Yazd, south of southern Khorasan and
north Sistan Baluchestan.

Based on BIASF scenario, the maximum increase
of Tcisrelated to internal parts of Iran, such as zones
13, 14, 18, 19 and 20, which, in fact, include internal
and arid regions of Iran. The increase in T_value will
be about 1.3 °C and the least increase is related to
coastal regions of the Caspian Sea and regions close
to the Coast of Oman Sea in southeast Iran. Level of
increase in these regions will be about 0.9 °C by 2100.

From among the used scenarios, AIASF shows
the highest increase in Tc value for Iran by about 1.5
°C. Results of this scenario show that zones 13, 18,
19 and 20 will experience the most increase by 2100.
In particular, zone 13 includes Yazd Province where
the temperature will be about 1.8 °C, which indicates
the maximum increase from among the 30 zones. The
minimum increase of T_is related to the southeast
region of Iran, which includes zones 29 and 30.

AIAIM scenario shows the least increase of Tc by
2100. Based on results of this scenario, Tc value will
have an increase of 0.8 °C by 2100. The maximum
increase is related to zones 12, 19 and 20, with an
increase of about 1 °C that will be experienced in 2100.
Based on the same scenario, the least increase is
related to the coastal zones of Caspian Sea, which
include zones 1, 2 and southeast parts of Iran, which
include zone 29 and 30. In general and based on the
average scenarios, the amount of increase in Tc by
2100 will be about 1.2°C in Iran.

Energy consumption and passive methods
Once obtained, the future neutral temperature in
indoor ambiences will be compared with the present
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Table 2: Present and future outdoor and indoor neutral temperature and energy consumption for 2100

Outdoor Neutral Increment Increment of - Increment of
Cooling

temperature temperature of neutral outdoor degrees energy

(°C) (°C) temperature temperature consumption
AIMES 245 254 1.39 4.6 32 11.2
BIASF 24.2 25.3 1.30 4.3 3.0 10.5
AIASF 255 25.7 1.70 5.6 3.9 13.1
BIAIM 23.3 25.0 1.02 34 2.3 8.6
PRESENT 19.9 24.0

conditions. Results let us define the need ofa HVAC
system and its possible energy consumption.
Furthermore, proposals of passive methods to prevent
this situation could be obtained.

To calculate the energy consumption, before and
after the climate change in each region, it must be
simplified in Eqgs. 6, 7 and 8. Besides, considering
the now and future conditions, the same flow of
outdoor air and indoor relative humidity, these
equations can be defined as a direct function of
neutral outdoor and indoor neutral temperatures. As
a result, its relationship shows the proportional
increment of energy consumption to cool the indoor
ambience.

As commented earlier, in all 30 zones of Iran, an
average increase of 1.2 °C will occur by 2100. As a
result, in accordance with the earlier simplifications
of Egs. 6-8, it will obtain an increment of 11.2 % in
accordance with AIMES scenario, 10.5 % BIASF
scenario, 13.1 % AIASF scenario and 8.6 % AIAIM
scenario in the HVAC energy consumption, as seen
in Table 2.

Finally, as commented earlier, this increment of
energy consumption can be reduced preventing new
building construction and HVAC system design and
operation; for example, by passive methods of
vernacular architecture, in particular building thermal
inertia. Another solution, in accordance with
(McCartney and Nicol, 2002) is to develop a control
algorithm based on this equation that considers the
weather conditions of each particular region. More
research about the vernacular architecture and its
advantages to control indoor ambiences must be
developed.

CONCLUSION

This research has been conducted with the aim of
studying thermal comfort conditions in Iran in the
coming decades under the effect of global warming.
Results of this study showed that, based on the used

model and defined scenario, rise in temperature will be
inevitable in Iran by 2100. This increase in temperature
will be more intense and higher in the central parts of
Iran. Zones 12, 13, 18, 19 and 20 will experience the
highest temperature rise by 2100. In general and based
on average of all the scenarios, temperature increase
will be 4.5 degree by 2100.

According to the expected rise in temperature in
different parts of Iran, some changes will also occur
in thermal comfort conditions. In this study, the
method proposed by ASHRAE (2004); (T, method)
has been used to study thermal comfort conditions.
Based on the scenarios, Iran will experience a rise in
T, in the coming decades. From the 30 zones of Iran,
the highest increase of T_is related to zones which
include internal and lowlands of Iran which have
hot and desert climate at present. During the coming
decades, the minimum increase of T_will be related
to zones which include the coastal zones of the
Caspian Sea and Oman Sea in southeast Iran. Finally,
the temperature increase will imply an increment of
indoor energy consumption from 8.6 % to 13.1 % in
air conditioning systems. As a result, passive
methods, such as thermal inertia, are proposed as a
possible solution.
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