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ABSTRACT 

Worldwide energy demand for the building sector is 

predicted to grow by more than 50% from 2010 to 

2050. The share of energy usage in building sector in 

Iran is 2 to 3 times higher than the world average 

which is 31%. 

In this study, the building energy performance of nine 

typical public schools in three cities of Iran including 

Ilam, Tabriz, and Yazd has been simulated. The goal 

of this research project is to investigate the energy 

performance of the schools building by evaluating 

their envelopes through different scenarios. 

The results represented that the natural gas usage for 

heating has been reduced in all scenarios except for 

adding overhangs on windows. The most reduction 

was in Yazd for the new walls followed by roofs and 

windows by 42%, 33% and 8% respectively. The final 

results of implementing all scenarios indicated a 

significant decrease of natural gas usage by 79% in 

Ilam, 74% in Yazd and 63% in Tabriz. 

INTRODUCTION 

The building energy usage is generally responsible for 

20-40% of each country’s total used energy. The 

worldwide energy demand for building sector is 

predicted to increase more than 50% by 2050 (IEA, 

2013). According to Iran Energy Efficiency 

Organization (IEEO-SABA, 2014) the share of energy 

usage in building sector is 2 to 3 times higher than the 

world average which is 31%. In addition, the energy 

intensity and energy consumption per capita in Iran 

are 1.5 and 1.9 times more than the global rates, 

respectively. 

Now, space heating, cooling and water heating are 

estimated to be responsible for about 60% of global 

energy consumption in building sector. It can be 

realized that the deficiency in building envelope is 

count for the majority of energy loss in buildings. 

Therefore, it is expected to save more than 40% in 

required energy for heating and cooling through 

improvements in the envelopes (IEA, 2013).  

School buildings in particular, are important among 

other kinds of buildings, where students can learn 

correct patterns of energy consumption and inspire by 

energy efficiency. This issue currently is an increasing 

concern in several countries and made authorities to 

take some measures towards more saving and energy 

efficiency in schools. 

Dimoudi (2013) investigated the energy 

characteristics of 77 different school buildings 

including primary and secondary schools in northern 

part of Greece. He monitored and collected the energy 

data for both heating and electricity from all school 

buildings for a few years. His survey showed that the 

mean of energy consumption for all monitored 

buildings was 84 𝐾𝑊ℎ/𝑚2, while its normalized 

value was 41 𝐾𝑊ℎ/𝑚2. He pointed out adding 

insulation to the external walls in the surveyed 

buildings can reduce energy consumption by a value 

between 12% and 13% depending on the climate zone. 

He also explained that applying ceiling fans and night 

ventilation can reduce cooling load from 64% up to 

99%.  

Filippı́n (2000) analyzed the energy efficiency and 

greenhouse gases along with their economic effect 

across 15 school buildings in Santa Rosa, Argentina. 

He stated that the investigated buildings were using an 

average 80% more energy than what is required to 

maintain indoor conditions of thermal comfort. 

Through different strategies such as increasing the 

thickness of insulation in roof and walls as well as 

replacing single glazing by double glazing windows, 

he achieved almost 40% energy saving.  

Butala and Novak (1999) investigated 24 schools in 

Slovenia. The survey revealed that heat loss in school 

buildings was 89% more than the estimated values. 

Based on this research the average energy usage in 

monitored schools was 267 𝐾𝑊ℎ/𝑚2 compared to 

the accepted range of energy usage from neighbor 

countries in the similar climate zone which was 

between 112 𝐾𝑊ℎ/𝑚2 and 196 𝐾𝑊ℎ/𝑚2. After 

considering the cost-effectiveness of each measure, 

they indicated that the most important measure in 83% 

of buildings was adding insulation to the walls and 

replacement of windows. For instance, replacing 

windows could reduce the heat loss by 20%.  

Desideri and Proietti (2002) studied 10 high schools in 

central Italy. They stated that the consumed energy for 

thermal purposes in central Italy account for 80% of 

the total energy usage. It was pointed out that some 

noticeable faults in electric and heating plants as well 

as construction caused the energy usage to go higher 

than the mean values. In the studied school buildings 
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in literature (Desideri and Proietti, 2002) electrical 

energy represented between 15% and 25% and heating 

contributed for up to 80% of the total yearly energy 

consumption. The data for heating and electric 

consumption in several schools was collected and 

specific consumption’s indices were calculated for the 

sake of better comparison between different school 

buildings. Their analysis showed that energy usage in 

buildings with even the same structure was different. 

They presented that significant savings could be 

achieved in heating and electric energy, if the 

minimum energy consumption index or the optimal 

values could be applied to all similar buildings. This 

saving could reach to 47.5% and 56% in heating and 

electricity, respectively. 

Kim et al. (2012) studied energy characteristics in 10 

elementary schools in Daegu, south of Korea. Based 

on their investigation in 2010, electric energy with an 

increasing trend was the most used energy 

by 289 𝐾𝑊ℎ/𝑚2. 𝑦 and it was followed by gas and oil 

with 90 𝐾𝑊ℎ/𝑚2. 𝑦 and 26 𝐾𝑊ℎ/𝑚2. 𝑦, 

respectively. The majority of the electrical energy was 

first used for heating, then for cooling and lighting. 

The energy performance of 135 Hellenic school 

buildings was derived and compared with the existing 

published literature in Dascalaki and Sermpetzoglou 

(2011). This study revealed that about two-third of the 

school buildings failed to meet the standard thermal 

envelope construction which reduces energy 

consumption by upgrading heating and lighting 

systems, improving building envelope and 

incorporating solar systems to cover the electrical 

energy requirement. 

There exists a good practice for the building of Ecole 

du Tournant, a school in Quebec, Canada in which R-

value of roof and walls are 22 𝑚2°𝐾ℎ𝑟/𝑊 and 21 

𝑚2°𝐾ℎ𝑟/𝑊, respectively (Harouni et al., 2006). 

However, the requirements for roofs and walls based 

on Model National Energy Code for Building 

(MNECB) of Canada (NRC, 1997) are R20, R16 

 (𝑚2°𝐾ℎ𝑟/𝑊) and based on the ASHRAE standard 

90.1 (ASHRAE, 2001) are R17, R11  (𝑚2°𝐾ℎ𝑟/𝑊), 

respectively. Harouni et al. (2006) showed that 

according to the obtained results from Hydro-

Quebec’s Research Institute, Ecole du Tournant 

consumed 6.7 𝐾𝑊ℎ/𝑚2 which is 80% less than the 

typical school built based on the MNECB with 

33.51 𝐾𝑊ℎ/𝑚2. 

MATERIALS AND METHOD 

Energy Performance Inputs 

According to W. Koppen and Trolland Paffen (Ehlers, 

1992) Iran has a variable climate including: 

 Dry summer steppe climate with humid 

winters  

 Semi desert 

 Dry desert 

 Dry summer Mediterranean climate with 

humid winter (Zagros) 

 Subtropical humid (Alborz and low lands) 

 Cold climate with dry winter 

In order to study different building’s energy 

performance in different climate zones, the cities of 

Yazd, Tabriz and Ilam were chosen from dry desert, 

cold climate with dry winter and Mediterranean with 

humid winter, respectively. Nine typical public 

schools from primary to secondary school (one of 

each) across aforementioned regions were selected 

and their data was collected from the Organization of 

Schools Renovation, Development and Mobilization. 

There might be various typical school plans, but this 

does not affect the assessments in this investigation as 

authors here, want to represent merely the influences 

of improving the envelopes on annual energy 

performance of each building. Furthermore, this 

improvement can be applied on any other building 

with the same problems. However, the results should 

be different based on different physical characteristics. 

The buildings physical information is provided in 

table 1.  

Table 1 

Building characteristics classified according to the 

climate zones 
 

 
School 

Level 
Floors 

Total 

Area 

m2 

Class 

Area 

All 

Glazing 

Area 

M
ed

it
er

ra
n

ea
n

 Elementary 

1 
3 

1319.

5 
30% 14% 

Middle 1 3 
1077.

7 
25% 18% 

Secondary 1  3 
1636.

5 
18% 11% 

C
o

ld
 &

 D
ry

 Elementary 

2 
2 892.3 26% 13% 

Middle 2  3 
1077.

7 
38% 18% 

Secondary 2 3 
1578.

6 
23% 13% 

H
o

t 
D

ry
 D

es
er

t Elementary 

3 
2 

1384.

1 
16% 9% 

Middle 3 2 975.3 28% 18% 

Secondary 3 2 
1139.

3 
17% 12% 

 

The objective of this study is to first analyze the 

energy performance of these typical schools plans, and 

then investigate the major deficits in buildings 

existence envelope and finally shed the light on few 

improvements on envelopes in order to reduce annual 

energy consumption in schools from different climate 

zones. 

Unfortunately, in some regions about 90% of the total 

number of school buildings do not have energy 
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efficient characteristics in their envelopes. As 

illustrated in the figures 1 and 2, the building 

components such as walls and roofs are made based 

on the traditional method. 

Figure 1 Sample of common existent wall section 

 

Figure 2 Sample of common existent roof section 

 

The U-values for the existent building elements are 

presented in the table 2. 

Table 2 

Existent envelope characteristics 
 

Building 

Elements 

Existence Wall 

Components 

U-Value 

(W/m2.k) 

Roof 

Gypsum plaster, Concrete 

slab, Concrete or ceramic 

block, Sloped concrete 

topping, Water proof roof 

membrane 

1.72 

Wall 

Gypsum plaster, Ceramic or 

clay brick, Mortar, Stone or 

thin brick facade 

2.11 

Window 
Aluminum or metal frame, 

Single glass pane 
6.87 

Simulations 

The buildings were then modeled in eQUEST 3.65 

(LBNL, 2014) precisely, considering spaces’ areas 

proportions as well as current used materials. By 

running each model under related weather file, the 

annual energy consumption by endues are extracted as 

in table 3. 

Table 3 

Baseline annual energy consumption of selected 

buildings with common existence construction 
 

 
School 

Level 

Space Heating 

Load: 

Natural Gas 

KWh 

Space Cooling 

Load: 

Electricity 

KWh 

M
ed

it
er

ra
n

ea
n

 Elementary

1 
40807 33240 

Middle 1 31405.5 27003 

Secondary 1 63983 34490 

C
o

ld
 &

 D
ry

 

Elementary 

2 
64009.5 11613 

Middle 2 89120 11737 

Secondary 2 147332.5 15750 
H

o
t 

D
ry

 D
es

er
t Elementary 

3 
40619.5 40260 

Middle 3 31692.71 29378 

Secondary 3 38319 33000 

 

A predominant characteristic in the energy 

consumption profile in most cases is that heating, 

cooling and hot water account for more than 80% of 

the energy used and the rest of energy consumption is 

for lighting and other purposes. It is worth to mention 

that in some of the rural regions this proportion of used 

energy is still covered by oil. 

At the next step five different scenarios have been 

defined based on the changes in building envelope as 

presented in table 4.  

 Table 4 

Scenarios detailed descriptions 
 

Scenario

s 

Description 

Scenario 

1 (Sc1) 

replacing single glazed and metal framed 

windows by fiberglass framed, double 

low-E clear panes windows with Gap 

thickness of 12.7 mm which Filled by 

Argon 

Scenario 

2 (Sc2) 

Add 10 cm expanded polystyrene 

insulation to the roof 

Scenario 

3 (Sc3) 

Add 5 cm expanded polystyrene 

insulation to the walls 

Scenario 

4 (Sc4) 

Add 60 cm overhangs to southern, 

eastern and western windows 

Scenario 

5 (Sc5) 

Applying all scenarios together 

 

Waterproof roof membrane 

Sloped concrete topping 

Structural roof concrete 

Interior gypsum plaster 

3-4cm Mortar 

4cm Stone or brick 

facade 

Interior plasterboard 

10-20cm Brick 

wall 
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By implementing those measures on envelopes, the 

new U-vlues of roofs, walls and windows decreased to 

0.27 W/m2.k , 0.5 W/m2.k and 2.1 W/m2.k which in 

other words U-vlues improved by 539%, 329% and 

227%, respectively. The graphical sections of 

improved roofs and walls are shown in figures 3 and 

4. 

 

 

Figure 3 Sample of improved wall section 
 

Figure 4 Sample of improved roof section 

 

After modeling all scenarios on all school buildings, 

the energy consumption for heating and cooling loads 

was then extracted and compared to the baseline. The 

results are shown in figures 5 to 7. In order to simplify 

the models, other variables such as the HVAC 

systems, electrical equipment and lighting were 

considered to be identical across all scenarios in each 

building. 

 

 

Figure 5. Annual energy consumption through all 

scenarios in Mediterranean climate (Ilam) 

 

 

Figure 6 Annual energy consumption through all 

scenarios in Cold & Dry climate (Tabriz) 

 

10cm Brick wall 

Interior plasterboard 3-4cm Mortar 

4cm Stone or brick facade 

10cm Brick wall 

5cm Expanded polystyrene 

Waterproof roof membrane 

Sloped concrete topping 

Structural roof concrete 

Interior gypsum plaster 

Protection course 

10cm Expanded polystyrene  
Gravel with filter fabric 
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Figure 7 Annual energy consumption through all 

scenarios in Hot Dry Desert climate (Yazd) 

DISCUSSION AND RESULT ANALYSIS 

Based on the simulation results for all scenarios, there 

were significant savings on energy consumption due 

to adding insulation to the roofs, walls and replacing 

windows. The results represented that the natural gas 

usage for heating has been reduced in all scenarios 

except for adding overhangs over the windows. The 

most reduction was obtained in Yazd for the new walls 

followed by roofs and windows by 42%, 33% and 8%, 

respectively. The second rank was for Ilam in the same 

order of envelopes by 37%, 28% and 6%, respectively. 

The lowest saving was observed in Tabriz in walls, 

roofs and windows by 31%, 18% and 10%, 

respectively.  

In terms of overall saving by applying all scenarios, it 

turned out that Ilam was the most beneficial by 

achieving the 79% reduction in natural gas and 20% 

in electric usage followed by Yazd with 74%and 12% 

and Tabriz with 63% and 5% decreasing in natural gas 

and electric usage, respectively. It seems that the 

effects of energy efficiency measures on cooling loads 

is not as significant as on heating loads. The main 

reason for that is the less operation hours for schools 

during the summer. Furthermore, the influence of 

overhangs on windows was not considerable and in 

some cases, it even enhanced heating energy usage by 

9% in Ilam, Yazd and by 4%in Tabriz. 

CONCLUSION 

Five energy measures on building envelope as five 

scenarios were defined and implemented on nine 

typical school buildings in Iran. One school from each 

level of primary, middle and secondary in three cities 

of Yazd, Tabriz and Ilam from three different climate 

zones were chosen for this study. The buildings were 

then modeled and simulated under the aforementioned 

scenarios in order to analyze each building annual 

energy consumptions. 

By simply adding 5 cm and 10 cm expanded 

polystyrene to walls and roofs the savings on heating 

loads on all buildings were significant. The maximum 

saving was in Yazd with 42% followed by Ilam and 

Tabriz by 37% and 31%, respectively. However, the 

effects of windows replacements were acceptable 

while the results were low in summer time. The 

influence of overhangs on windows was negligible 

after all.  

All in all, comparing final results of implementing all 

scenarios showed a great reduction in natural gas 

usage by 79% in Ilam, 74% in Yazd and 63% in 

Tabriz. Considering over 83000 existent educational 

units (Behzadi, 2004) and increasing the price of fossil 

fuel in Iran it seems reasonable to have an effective 

energy management and upgrade interventions in this 

field. It may enable the schools to obtain economic 

advantages and make larger financial sources 

available for educational purposes. 

REFERENCES 

ASHRAE, 2001. 62.1 User's Manual: 

ANSI/ASHRAE Standard 62.1-2001: 

Ventilation for Acceptable Indoor Air Quality. 

Atlanta, GA, American Society of Heating, 

Refrigerating and Air-Conditioning 

Engineers. 

Behzadi, F., 2004. Energy audit of educational 

buildings and presenting solution to reduce 

energy use  with regard to the results of audit 

]مميزي انرژي در ساختمانهاي آموزشي و ارائه راه حل 

.  براي كم شدن مصرف انرژي با توجه به نتيجه مميزي[

3rd Conference on Energy Conservation in 

Building,  Tehran,  Iranian fuel conservation 

company (IFCO). 

Butala, V. and P. Novak, 1999. Energy consumption 

and potential energy savings in old school 

buildings. Energy and Buildings 29(3): 241-

246. 

Dascalaki, E. G. and V. G. Sermpetzoglou, 2011. 

Energy performance and indoor 

environmental quality in Hellenic schools. 

Energy and Buildings 43(2–3): 718-727. 

Desideri, U. and S. Proietti, 2002. Analysis of energy 

consumption in the high schools of a province 

in central Italy. Energy and Buildings 34(10): 

1003-1016. 

Dimoudi, A., 2013. Analysis of energy performance 

and conservation measures of school buildings 

in northern Greece. Advances in Building 

Energy Research (ABER) 7(1): 20. 

Ehlers, E. 1992. Climate. In Encyclopædia Iranica.  

Retrieved from:  

http://www.iranicaonline.org/articles/climate. 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 173 -

http://www.iranicaonline.org/articles/climate


Filippı́n, C., 2000. Benchmarking the energy 

efficiency and greenhouse gases emissions of 

school buildings in central Argentina. 

Building and Environment 35(5): 407-414. 

Harouni, R., L. Nichols and M.-J. Jean-Louis, 2006. 

Head of the Class For No GHG-School. 

ASHRAE Journal [H.W.Wilson - AST] 48(5): 

22. 

IEA, 2013. Transition to Sustainable Buildings: 

Strategies and Opportunities to 2050, 

International Energy Agency. 

IEEO-SABA, 2014. Energy Balance Sheet 1391. Iran 

Energy Efficiency organization,  Tehran. 

Kim, T.-W., K.-G. Lee and W.-H. Hong, 2012. Energy 

consumption characteristics of the elementary 

schools in South Korea. Energy and Buildings 

54(0): 480-489. 

LBNL, 2014. eQuest 3.65 Building Energy 

Simulation Tool, Lawrence Berkeley National 

Laboratory. 

NRC, 1997. Model National Energy Code of Canada 

for Buildings (MNECB). Ottawa, ON, 

Canadian National Research Council (NRC). 

 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 174 -




