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Abstract

School buildings, which form a major part of public buildings, are considered to be one of the maximum consumers of
energy in Iran. Based on building typology and occupancy patterns, school buildings have a significant potentiality for energy
optimization while providing thermal comfort. This study investigates the architectural design parameters such as orientation,
optimum window-to-wall ratio, space organization, sun shading, and building shape, which have a considerable impact on the
energy demand. For the purpose of this study, a typical elementary school is selected, modeled, and analyzed by integrating
different design measures using a dynamic simulation software tool. The optimum values for various architectural design
parameters are calculated. The resultsreveal that through energy efficient architectural design, the primary energy demand of
the studied case has reduced by 31% while maintaining visual and thermal comfort as compared to the existing building.

Keywords: Energy consumption, Energy efficient architecture, School, Thermal comfort, Building envel ope.

1. Introduction

The architectural design of buildings has a sigatiiit
impact on the consumption of non-renewable resauice
developed countries, the energy consumption in the
building sector is more than 33% of the total egerg
consumed. In Iran, this number has increased te rtham
40.6% [1]. Not only are the residential and comnarc
sectors the main consumers of energy in Iran, teegy
consumption in public buildings in this country aso
high in comparison to the universal standards.

The average energy consumption in school buildings
Iran, as a major category of public buildings, isrenthan
160 kWh/n? [2], which is 2.5 times more than the energy
consumed in high-performance schools in developed
countries, which is approximately 65 kWH/{8].

Despite the high energy consumption, thermal canigor
not usually provided in classrooms [4]. Recentlgriaus
programs such as Smart Schools in the United Stites
America and The Schools for the Future programurope
have attempted to provide high-performance learning
environments by sustainable site planning and apsg,
good building envelope design, appropriate lightengd an
increased use of daylighting in order to improvedsnt
performance and increase comfort levels [5].
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Not only do energy-efficient schools reduce thergye
use and cost but they also increase thermal anghlvis
comfort and space quality and help preserve non-
renewable energy recourses. Taking into consiaerdtie
different parameters affecting the school’'s enatgmand,
previous studies can be categorized into three granps.
First, the studies that consider the optimizatioh o
mechanical and electrical utilization of schools-8]6
second, the ones that study the architectural desigl
constructional parameters such as shadings andndher
insulation [9-12]; and third, the studies that ddes
energy management factors in schools [13-16].

In Iran, the Energy Efficiency Organization’s aciso
for reducing energy consumption in schools are lpain
divided into two categories: 1. Reduction of energpe
through construction details in new buildings, whiis
mainly realized by the installation of double-gldze
windows and the thermal insulation of the building
envelope, and 2. energy management in the existing
buildings [17]. However, the organization has failto
consider the impact of architectural design on the
reduction of energy consumption. The State Iranian
Organization of Schools (renovation and developinent
which is responsible for designing K-12 schoolss ha
proposed a climate zoning for educational buildilagsl
provided specific design guidelines for designitgaols
to withstand the cold climate of Iran [18]. Thel@vh been
no particular regulations and guidelines for anrgpe
efficient design of school buildings in the hot addy
climate although the total energy consumption dfosts
in this climate is 41.91% of the total energy caned by
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school buildings across the country [19].

With the aim to investigate architectural energyisg
strategies in order to minimize the heating, capliand
lighting energy demand in school buildings in thed And
dry climate of Iran, a typical existing twelve-das
elementary school building in Shiraz (2998752°32E)
has been selected as a base case for analyzing and
assessing architectural energy-conservation stesteg
According to the Shiraz psychometric chart (Fig, 1)

LOCATION:
Latitude/Longitude: 29 32° Narth
Data Source:

thermally comfortable hours can be increased to 46%
buildings by using passive design strategies. Tiergy
performances are analyzed using the dynamic sifoolat
software tool DesignBuilder [20], which is the firs
comprehensive user interface for the EnergyPlusuyn
thermal simulation engine. Hourly Weather Data bir&
that are based on daily records from 30 to 43 yeags
used as the weather data for simulations.

Shiraz, -, IRN
52 36° East, Time Zone from Greenwich 3

ITMY 408480 WMO Station Number, Elevation 1481 m

RELATIVE HUMIDITY 100% 80%

DRY-BULB TEMPERATURE, DEG. C

Fig. 1. ASHRAE Shiraz psychometric chart [21]

2. Methodology of Research

One of the most cost effective and ecological nesho
of energy saving in buildings is the reduction okry
requirements through climate responsive architectDue
to the fact that energy saving through the optitiszaof
architecture is not only cost-neutral, resourcéiefit and
carbon-neutral but also has a very high energyagavi
potential, the first and most important strategy sewe
energy should be an optimized and climate respensiv
design. Architectural Energy Efficiency is a paraige
method of energy saving which separately studies th
effects of various energy-related architecturattdes on
the energy demands of buildings. Dynamic energy
simulation methods are used to find the optimunueydor
each of the architectural factors [22]. In thisdsia order
to find the optimum value for different architealr
strategies the existing school building has beenletsol
and the energy consumption for heating, cooling and
lighting has been calculated by dynamic energy
simulation. Although this study aims to investigate
effect of architectural strategies on the energyated of
school buildings, two construction parameters awadyaed
at the first stage of the study; 1. The thermalileson of
the building envelope since is the only energy eoriag
action in process in lIranian school buildings and 2
Infiltration since has an important impact on theergy
demand. Then various architectural parameters based
their importance and effects on the energy demaed a
analyzed respectively in order to define the optinualue
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for each parameter. The optimum value of everymatar

is assigned to the model then the next parameter is
analyzed and its optimum value is calculated thnoug
various simulations. The lighting, heating, coolemgd the
primary energy demand is calculated in each sinauat
The primary energy demand since considers the energy
balance is used to determine the optimum valuehef t
parameters in the simulations.

2.1. Base case school building characteristics

The base building is a three story prototype school
building which has a total ground floor area of @
(fig.2 and fig.3). The building envelope is uniretald with
single-glazed and metal framed windows. The U-Values
of the thermal envelope components are presenttbia
1. The building uses a HVAC systefrfor heating and
cooling. The energy sources used for space heatitg
cooling are natural gas and electricity. The hgatmd
cooling set points are fixed to 21°C and 26°C tovjate
thermal comfort in indoor areas. The lighting level
classrooms is set to 300 Lux due to the School Ranm
& Development Organization regulations [23]. The
maximum allowable discomfort Glare of 20 is consie
due to regulations in classrooms[24].There areytHive
students in each classroom and the building is miedu
from 7 am to 2 pm Saturday to Thursday, from Sep@m
21 to June 21 except official holidays. The occuyan
pattern, students clothing index and metabolic, natdch
are applied for simulations, are based on a reiahgoy
school condition in the studied context.
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results obtained from various simulations are reet and
discussed in each section. Although the aim ofghigdly is
to investigate architectural energy saving stratgdhermal
Fig. 2. Ground floor plan of the base case school insulation and infiltration as two important comstion
factors affecting the energy demand in buildings studied
in the first stage of the analysis. Various designiables
investigated in this study are summarized in table

Table 1 Design variables investigated in order to defingmpm values

Design Variable Simulation Range Base Case Recomméaraied
Wall 0.82&1.34 0.82 0.82
Thermal Ground floor 0.76 & 1.95 0.76 0.76
Constructional Insulation External floor 0.67 0.67 0.67
Parameters (w/m?k) Roof 1.59&0.8 1.59 0.8
window 5.77 & 4.26 5.77 4.26
Infiltration (ach) 0-4ach 2 ach 0.75ach
South 0-100% 40% 20%
Window/wall North 0-20% 30% 15%
East &West 0-15% 0% 5%
South 0-1.6m overhang 0 0.6m
Shading North 0-1m side fin 0 0.6m
East& West 0-1m crate shading 0 0.5m
Orientation 0°-360 0° 0°
One side north class Two side
Class Arrangement One side south class One side north class
. class
Two side class
Elongation &
Compactness 1-3 15 2
(length/width)
Architectural Building Stories 1-3 3 3
Parameters Linear shape
L right shape
L left shape Linear shape
Plan Shape H shape L left shape U south shape
Formal U south shape
Parameters U north shape
Flat roof
North sloped roof
Roof Form South sloped roof Flat roof North sloped roof
Gable roof
Barrel roof
Roof Slope 0-30 0° 10
Wall Slope 0-30 0° 20
Ground Level (+0.5)-(-1.5) +0.5m -1.5m

Adjacency
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3.1. Construction Parameters
3.1.1. Thermal insulation

Since school buildings have specific occupancy
patterns, certain regulations should be considévedhe
thermal insulation of these buildings. In Iran théistry
of energy has not developed specific regulationstlie
thermal insulation of school buildings and they are
considered the same as restaurants and hospitadsdér
to investigate the effectiveness of the buildingedope U-
values given by the Iranian ministry of energy [2tHey
are considered in the base school model and thegyene
demand is calculated and compared to the buildiilg w
the existing U-values. According to the regulaticrdy
the roof and windows should be insulated and theerot
building components have an appropriate U-valusuRe
of the simulations are shown in Fig.4. and Fig.5.
According to the results by using thermal insulatio the
roof and double glazed aluminium windows the priymar
energy demand of the school building decreases 6% i
comparison to the existing case. This is due to the
reduction in the heating energy demand and resaite
shown that insulation does not have a tangibleceffa
the school cooling demand which is because of iga h
number of students in the classrooms. The recometend
U-values are included in the base case for nexysem

120
W Exsisting building

Oinsulated building

Heating Energy Demand kWh/m2 Cooling Energy Demand kwWh/m2

Fig. 4. Comparison of the heating and cooling energy dehodn
the existing and insulated school

Exsisting building insulated building

Fig. 5. Comparison of the primary energy demand of thstieg
and insulated school building
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3.1.2. Infiltration

Infiltration is one of the important construction
parameters that affects the energy demand in bg#dand
is determined by airchange per hour. Air tightnesshe
building envelope relates to the window and dogrety
materials used and the quality of the construcficotess
[28]. In Iran no regulations have been developedtfe air
tightness of buildings and since the low constorcti
quality of buildings, infiltration has been congidé as one
of the main routs of heat loss in buildings. Aghiening
the building envelope will reduce the heat lost and
improve the indoor air quality. The base case hesnb
modeled including different air change rates. Tasults
have been shown in Fig.6. Simulations show that an
infiltration rate more than 0.75 ach increases pgheary
energy demand in comparison to the existing caseeS
the high density in classrooms, decreasing thel@nge
rate can affect the indoor air quality due to thekl of
fresh air. Specific studies must be done in order t
determine the appropriate amount of air change in
classrooms in Iranian schools. Increasing the airgh
rate in school buildings in this climate will inese the
heating energy demand while it decreases the apolin
energy demand, because it causes a heat transfertiie
inside to the outside. The airchange moves theecait
heat from internal and external gains to the oetsatd
acts as natural ventilation. But if school buildngre
occupied during the summer, in which the outside ai
temperature is much higher than the comfort zofter a
specific amount of airchange rate, the cooling g@per
demand will increase too. In this study 0.75 ach is
calculated as the optimum infiltration rate andissigned
to the model. Previous studies done in school gkl
[12, 29] have also obtained the same result. dtear that
an air change rate of 0.75 per hour is not appatgrior
schools. According to ASHRAE 62.1[30] in classropms
level of approximately 4 to 5.5 air change rates lpeur
should be provided during occupancy. This should be
achieved by considering both air tightening the deins
and envelopes and by controlled ventilation whicasw
considered in the simulations. The primary energymand
of the model with 0.75 ach infiltration decreasd$slin
comparison to the base case which has an infitratate
of 2 ach.

=== Heating Energy Demand kWh/m2

=t Cooling Energy Demand kWh/m2

400 - =Primary Energy Demand KWH/mz

200 +
150 -

100

50 /

Oach/h 0.25ach/h 0.5ach/h 0.75ach/h 1lach/h

2ach/h 3ach/h dach/h

#ig. 6. The impact of airchange rates on the heating, ng(aihd
primary energy demand in the studied school buildin
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3.2. Architectural Parameters
3.2.1. Window-to-Wall Ratio

The Window area in different orientations is onetef
most important architectural factors affecting the
building's energy demand. Windows provide solarthea
gain, daylight and even natural ventilation for dod
spaces. Since windows are the weakest thermalirike
building envelope, their design has a direct impacthe
thermal comfort and the energy demand in buildirigs.
school buildings due to the room size, the windowvall
ratio is usually high. By designing appropriate dows a
balance between lighting, heating, cooling and ilagign
would be obtained. The existing model has a wintmw-
wall ratio of 40% in south and 30% in north and 2e&ast
and west sides. In order to define the optimum waimdo-
wall ratio in different sides of the building seakr
simulation are done. First the optimum window-tdiwa
ratio for the south walls, second for the north #nct for
the east and west walls is calculated. An important
parameter considered in defining the optimum window
wall ratio is the daylight factor that should nasdend 2%
in classrooms [31]. Results indicate that 10% windo-
wall ratio in all directions would be optimum based
primary energy demand (fig.7). Since this windowwiall
ratio would not provide the minimum daylight factor
required for school areas, 20% window was consilase
the optimum for all directions in the first stagedathen
more simulation including 20% window in south faead
and different ratios in other direction are doneoider to
find the optimum amount in other directions. Acaogito
the results the lighting energy demand decreases by
increasing the window/wall ration from 0% to 100¥his
reduction is high from 0% to 20% but after 20% the
reduction is very slow especially after 30% it cha
connived. In the viewpoint of energy efficiencysmeans
that 20% window/wall ratio is optimum when only
lighting is considered. Also the heating demandst fir
increases by increasing the window/wall ration fro%a to
10% and then decreases with a high inclination tdutae
increasing amount of solar gain. This shows theh hig
potentiality of using solar gains for heating binfgs in the
studied context Despite the high potentiality ofasaain
for heating, the cooling energy demand highly iases by
increasing the window/wall ration. Results showt ttiee
building with optimum window to wall ratio has 8%sk
primary energy demand in comparisons to existing
building (fig.8). Due to the results the appropgiatindow
to wall ratio for the south walls is 20% and 15% foe
north and 5% for the east and west walls. The déted
window-to -wall ratios is assigned to the model dhd
new model is used for the next analysis.

International Journal of Architectural Engineering & Urban Planning, Vol. 23, Nos. 1 & 2, June & December 2013

Lighting Energy Demand kwh/m2
160 m—Heating Energy Demand kWh/m2 /
140 4 ==seCooling Energy Demand kWh/m2
o~
E 120
-
=
2100

0% 10% 20% 30% 40% 50% 60% 70% BO% 90%

Fig. 7.The lighting, cooling and heating energy demanthef
school building with different window/wall ratios
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Fig. 8. Comparison of the primary energy demand in thetiexj
model and the one with optimum window/wall ratio

3.2.2. Sun Shading

Sun penetration in indoor spaces is the main refmon
space overheating in warm seasons. In order toigeov
appropriate daylight level in classrooms windowg ar
relatively large and shading these windows to pmegein
penetration in warm months is critical. Sun shadsgn
effective strategy in decreasing cooling energy al&min
hot and dry climates. The base case school hakatirg
in all directions. The appropriate sun shadings tfoe
south, north, east and west windows have beennlieted
through simulation and analysis. Due to the sunleang
overhangs and side fins are used as effective stpadin
the south and north that can control the sun patietrin
winter and summer. Results show that increasing the
overhang projection size increases the heatindighting
energy demand and decreases the cooling energyndema
The increase in heating energy demand is more tiian
decrease of cooling energy demand which is becatise
the high solar altitude in the studied context #redschool
occupied hours which is mostly in the morning. Aabbae
between the lighting, heating and cooling energynated
can be obtained by considering appropriate shadumgsh
can allow sun penetration in cold months and preitan
warm months. Results show that the optimum shafting
south facing windows is 0.6 meter width overhangsh w
0.2 meter vertical offset from the top of the wingdd.6
meter width side fins for the north facing windoasd
0.5m crate shading for east and west windows ({fig.9
Result show that the primary energy demand of the
building with considering the recommended shading
devices decreased 5% in comparison to the last Imode
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(fig.10). The Iranian state organization of schaides not
usually build external shadings in school buildprgjects

due to construction regulations and uses interhatliags
(blinds). Simulations show that internal shadingtsigies
do not improve the energy demand in school buikliimg
hot and dry climates. Since external sun shadirry® la
lower impact on energy demand in comparison to aind
to wall ratio, due to its significant impact on theoling

energy demand it should be taken into consideration

60 1 \\“

—

sa-/;k

40 % Tighting Erergy Demand KWh/iZ

39 | =e==Heating Energy Demand kWh/m2

=t Co0ling Energy Demand kWh/m2

Fig. 9. The lighting, heating and cooling energy demanthef
school building by increasing projection size af iverhang

Heating Energy Demand kiWh/m2
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Fig. 10. Comparison of the primary energy demand of the@cho
building with and without external shadings

optimum window to wall+optimam shading

3.2.3. Building orientation

Building orientation is an important architectufattor
in the building energy consumption. The effect bist
parameter on the lighting, heating, cooling andmpry
energy demand of the base case school building is
investigated by simulating the building in diffeten
orientations. By optimizing the school building esriation
the sun radiation and daylight can increase in semand
winter and the energy demand for lighting, heatargl
cooling can decrease. The school building's orfiemtaand
the energy demand are directly linked due to thedoiv
orientations. The sun radiation that surfaces vecen
summer and winter relates to the building's ori#maand
the altitude of the context. The dominant wind clien is
also considered in defining the optimum orientati@asults
indicate that the most appropriate orientationttier studied
case is the existing condition which the buildiagpriented
to south and elongated to east and west. The lmhaof
the lighting, heating, cooling and primary energynénd of
the school building is shown in Fig. 11.
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Fig. 11. The heating, cooling and primary energy demantti@&chool building in different directions

3.2.4. Class Arrangement

Room arrangements should be based on the heating
and lighting and cooling demands of the space. Llas
arrangement in school design is a major considerati
Classrooms build on both sides of the building and
classrooms on only one side can cause differengmles
challenges. Simulations were done in order to éefhe
optimum classroom arrangement in the context of the
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study. In this study three kinds of class arrangemare
modeled and compared to each other: 1. base ocase (t
side classrooms on the north and south) 2. onersidé
classrooms 3. one side south classrooms. Resolis thlat

the one side north classroom arrangement has the
minimum energy demand among other arrangements
(fig.12). One side north class arrangement decsetse
lighting and heating energy demand in comparisothéo

two side arrangement because of the daylight amdabar

gain of corridors. Although this reduction is lowhis
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arrangement is recommended. Since classrooms atfeson
north side so they benefit from appropriate daylighfor
learning and also the corridors which are on thétsside

act as solar spaces in cold months and in warmhmadnyt
opening the corridors and classes’ windows cross
ventilation can help cooling the school spaces.

2745

274 4

2735 +

2725 1

kWwh/m2

272 1

2715 1

271

One-side north
classroom

One-side south
classroom

Two-side classroom

Fig. 12. Comparison of the primary energy demand in theacho
building with different class arrangements

3.2.5. Architectural Form Analysis

The energy demand of buildings specifically depends
on the shape and typology of the building. Form simape
are critical factors in absorbing and radiatingthdaring
the day and night and thus a critical parametethim
building’s heating and cooling energy demand. Masio
formal factors including elongation and compactpess
number of stories, plan shape, roof form, wall slgnd
the ground adjacency level are investigated in roraiéind
the optimum value for each parameter. The simulatio
have been done in 6 steps and the optimum valueafcin
measure has been assigned to the model and uséukefor
next analysis. The base school building is a tisteey L
shape building with a projection on the left side ahe
building ground floor is 0.5 m above the groundelevhe
model used for formal simulations has thermal iasoih
according to regulations, optimum infiltration ratend
window to wall ratio, sun shadings, orientation aiass
arrangement. Formal parameters investigated instiidy
and the recommended values are shown in tablelltRes
are shown in Fig. 13, Fig. 14, Fig.15, Fig.16 argl ¥ .
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Fig. 13. The effect of form compactness on the primary
energy demand in the school building model
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Fig. 15. Comparison of the school building primary energy
demand with different roof forms

250
245
240
235
230

[

T

| E—

|

|

9 [

l" 225 |
220

3 1

= 215 ]
210

205 ]|
200

05meteron on ground level0.5 underground 1 meter 1.5meter
ground level level underground  underground
level level
Fig. 16. The effect of ground adjacency level on the school
building primary energy demand
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4. Prioritizing Energy Saving Strategies in School
Buildings

In this study various simulations have been done in
order to define the architectural strategies thaveha
significant effect on the energy demand in the istidhase
case school building. It should be noticed that résults
of primary analyses such as thermal insulation and
infiltration, window/wall ratio, sun shading, origtion
could be used for school buildings in the studiedtext
since the climate and occupancy patterns are sinfdlat
in order to define the optimum values for the forma
strategies simulations should be done in each Gwme
strategies studied in this case had a more signific
impact on the primary energy demand in comparison t
others. The effectiveness of the studied constrnatiand
architectural strategies is categorized into famugs. The
effect of different groups of strategies on thenyany
energy demand decreases from group one to four.

Group one: optimum infiltration rate, optimum windo
to -wall ratio and optimum ground adjacency levelthe
building surfaces have the highest effect on deargathe
primary energy demand of the studied school bugld20%
opening on the south facing, 15% openings on th¢hno
facing and 5% opening in the east and west sidéhef
building reduces the primary energy demand 8% in
comparison to the existing building. Also by bugithe
school building 1.5m in the ground the primary eger
demand increases 8% in comparison to the buildimigu
the same condition that is built on a 0.5 conciedse.
Results show that by increasing the ground adjgckvel
from 0.5 meter over the ground to 1 meter undergtahe
heating energy demand first decreases and from tinanel
meter it starts to increase that is due to the tityrincrease
in cold months (fig.16). The cooling energy demand
decreases by increasing the ground adjacency beezluse
of the low mean ground temperature in warm months i
comparison to the outside air temperature. Reshtiss that
by burying the building in the ground the primamyery
demand is reduced 8% in comparison to previous mode
This architectural strategy is common in traditiona
historical buildings in the studied context.

Group two: Thermal insulation of the building
envelope and using sloped south walls are the priodity
in decreasing primary energy demand in the school
building. In Iran the ministry of energy has no dfie
regulation for thermal insulation in school builgfm
Results have shown that the existing regulationsndb
have a specific impact on the energy demand irstiindied
case and reduce the primary energy demand onlyr6% i
comparison to the existing building that has norrifa
insulation. This reduction is due to the reduciioheating
energy demand and thermal insulation does not lave
tangible effect on cooling energy demand in thedistl
case. It is concluded that the existing thermallatfon
regulations should be revised by considering theteod
climate data and the building occupancy patternsraer
to be more effective. Since schools are used mdsiiing
the cold months of the year, architectural straeghat
improve the building performance through cold merdhe
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important. One of the effective strategies to iasee the
solar radiation through building envelope is to ak®ed
walls on the south side of the building. Also effee
shading has to be considered in order to prevent
overheating during warm months. Using 2lbped walls
on the south side of the building reduces the pyma
energy demand 7% in comparison to the building unde
the same condition with vertical south walls (fig).1

Group three: Optimum external shadings and optimum
school plan shape are the third priorities. Theinogn
shadings are defined so that to prevent over hgatin
warm months and allowing sun penetration in coldhtng
of the year. Since inappropriate external sun stggdcan
block day lighting and decrease the daylight facitbis
essential to consider daylight factor during thauation
process. In Iran the schools’ plans are designddoaiit in
low diversity. The majority of the school buildingans
can be categorized in six typologies. These typetog
have been modeled and their primary energy demasd h
been calculated and compared to each other. THe@a
show that the linear-shape and the U- shape plaves the
minimum primary energy demand in comparison to othe
shapes (fig.14). Also the projection of the U-shape
analyzed through various simulations and the resiibw
that 30% projection of the building length is thetimum
projection for the U-shape. The U-shape school plan
decreases the cooling energy demand due to thénghad
provided by the left and right wings of the builgin
summer. The heating energy demand has increased in
comparison to the linear- plan due to the heat dogkalso
shading caused by the left and right wings in winte

Group four: The optimum roof form, compactnesshef t
school building form and the optimum class arrarg@sm
are considered as the architectural strategieshéna the
minimum impact on reducing the primary energy dedrian
the studied school building. The optimum roof fadefined
was a north 10° sloped roof. The roof slope dioectis
coordinated with the dominant wind direction, whigh
effective in reducing the cooling energy demandisTh
strategy reduced the primary energy demand 3% in
comparison to the building under the same condititth a
flat roof. The compactness of the building whichtlie
result of omitting the side projection of the birlgl has
reduced the primary energy demand 3% in comparison
the existing building form. Also optimum class
arrangements reduced the primary energy demandhbut
reduction is not tangible in the studied case. didy does
the arrangement of classrooms on the north sid¢hef
building provide appropriate daylight for learnidgyt also
the sun penetration in the corridor is not distugband in
warm months opening the doors and windows of the
corridors and classes will promote cross ventifatio

5. Summary & Conclusion

Architectural strategies have an important impagct o
reducing the primary energy demand in buildingstHis
study various architectural strategies were ingastid and
assessed in order to define the most effective ggner
saving architectural strategies in the studied akho
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building. The results show that only by assignipgiraum
architectural strategies the lighting energy demduad
been reduced 42%, the heating energy demand 11% and
the cooling energy demand 47% in comparison to the
existing school building with thermal insulationdathe
defined infiltration rate. The optimum amounts df a
parameters are assigned in one model and the primar
energy demand has been compared to the base cdsé mo
Results show that the primary energy demand has
decreased 31% only by optimum architectural stiaseg
without any change in the building materials and
construction parameters. This reduction is increase
40% by considering construction parameters (insgat
the thermal envelope due to the recommended régpusat
and decreasing the infiltration rate). Also the rage
indoor temperature was decreased by 3°C during warm
months and increased by 2°C during cold months when
mechanical heating and cooling systems were tuaifid
The architectural strategies defined in this stadp be
used in other school buildings in hot and dry ctiesa This
method of architectural energy efficiency can als®
applied in schools in the other climates.

Notes:

1. The primary coefficient for natural gas is 1.1 and
3.6 for electricity in Iran [25].

2. Total Solar Heat Gain Coefficient (SHGC):
0.819, Light Transmittance: 0.881.

3.  HVAC COP. 40% for heating and 50% for cooling.

4. (0°) is defined as the south orientation and the
building has been orientated clockwise.
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