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Background and Objective: Due to increasing global concerns about
climate change and the necessity of reducing energy consumption in
line with sustainable development, optimizing energy consumption in
educational buildings is of particular importance because of their key
role in energy consumption patterns and their direct impact on user
comfort and productivity. This study investigates the energy
performance of four newly built schools in Babol (Noshirvani,
Shokouh, Bonyad-e-Barekat, and Shahrabi) in a temperate and humid
climate and presents strategies for reducing energy consumption and
improving thermal comfort.

Methodology: This applied study was conducted through field surveys,
detailed simulation in DesignBuilder software (based on the EnergyPlus
engine), and climate analysis using Climate Consultant software. Four schools
with a construction history of less than 5 years were selected. Optimization
strategies evaluated included thermal insulation of roofs and walls with
polystyrene, temperature setpoint adjustment, natural ventilation, replacement
of conventional windows with low-emissivity double-glazed windows, and
installation of 30 kW solar panels. Model validation was performed using
actual utility bills.

Results and findings: This applied study was conducted through field
surveys, detailed simulation in DesignBuilder software (based on the
EnergyPlus engine), and climate analysis using Climate Consultant
software. Four schools with a construction history of less than 5 years
were selected. Optimization strategies evaluated included thermal
insulation of roofs and walls with polystyrene, temperature setpoint
adjustment, natural ventilation, replacement of conventional windows
with low-emissivity double-glazed windows, and installation of 30 kW
solar panels. Model validation was performed using actual utility bills.
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EXTENDED ABSTRACT

Introduction

With increasing concerns about climate change
and the negative impacts of human activities on
the environment, optimizing energy consumption
in buildings has become one of the main priorities
of sustainable development policies. Buildings, as
one of the largest sources of energy consumption
and greenhouse gas emissions, play a key role in
achieving environmental goals. Near-zero energy
buildings (NZEBs) have been introduced as an
effective solution to reduce energy consumption
and carbon emissions (Zhen et al., 2025).

One of the main challenges in the building sector
is heating and cooling systems and the high
consumption of electrical devices, which lead to
high energy consumption. The energy supply for
this sector mainly comes from fossil fuels, and
due to the growing urbanization and population,
this consumption is expected to increase. Heavy
dependence on fossil fuels is associated not only
with environmental challenges but also with
health problems (Parvin et al., 2025). In response
to these challenges, various countries have
developed  strategies to reduce energy
consumption and greenhouse gases in public
buildings and increase the use of renewable
sources (Park & Lee, 2020).

Iran, as one of the richest countries in the world in
terms of fossil energy resources, is also one of the
largest energy consumers. Carbon dioxide
emissions from energy consumption in buildings
reach 127 million tons per year, which is about
4.5 times the global average. The building sector
accounts for more than one-third of total energy
consumption, and 70% of this consumption is
related to government buildings, especially
educational institutions (Soleimani et al., 2020).
This study evaluates energy consumption in
schools in Babol and provides optimization
strategies. The aim of this research is to identify
architectural weaknesses and provide practical
suggestions for improving energy consumption in
these schools. Through field observations and the
use of DesignBuilder software, energy modeling
is performed to examine physical problems in
selected schools.

Methodology

This research is applied in terms of purpose and is
based on field studies, software simulation, and
library research. Initially, based on field study,
building plans, energy consumption conditions,
and the type of materials and components used in
the building were determined. Using the EPW file
in Climate Consultant software, the climate
information of the region, comfort range, and

critical conditions were analyzed. For building
energy simulation, DesignBuilder software was
used, which utilizes the EnergyPlus modeling
engine.

Study Area and Climate: Babol is a city in
northern Iran, Mazandaran province, with a
temperate and humid climate. The average annual
temperature is about 15°C, with summers
averaging about 25°C and winters about 5°C.
Annual rainfall is about 1000-1200 mm, and
average annual humidity is about 70-80%.

Case Studies: Four newly built schools in Babol
(construction age under 5 years) were selected:
Noshirvani (elementary, 1,880 m?), Shokouh
(elementary, 1,245 m?), Bonyad-e-Barekat
(secondary, 1,150 m?), and Shahrabi (secondary,
under construction, 1,705 m?).

Simulation Assumptions: Wall U-value of 0.7
WI/m2K; roof U-value of 1.1 W/m2K; cooling
system: split AC; heating system: package unit
and radiator with 85% efficiency; LED lighting at
7.5 W/mz; equipment power at 4 W/mz; setpoints:
cooling 24°C, heating 22°C; occupancy: 0.2
persons/mz?; double-glazed windows with UPVC
frames.

Validation: The  simulation ~ models  were
calibrated using actual utility bills for the three
operational schools. Results showed excellent
agreement: CV(RMSE) values below 9.2% and
R2 above 0.91 for all schools (Barekat: R2=0.93,
MAPE=6.9%, CV(RMSE)=8.7%; Shokouh:
R2=0.91, MAPE=7.4%, CV(RMSE)=9.2%);
Noshirvani: R?=0.94, MAPE=6.5%,
CV(RMSE)=8.1%), well within ASHRAE
Guideline 14 limits. For Shahrabi (under
construction), a reference model approach based
on national building codes was used.

Results and Discussion
Baseline Energy Consumption:

School Energy Index | Category
(kWh/m2) (Section 19)

Bonyad-e- 63.5 B (Secondary)

Barekat

Shokouh 66.0 C (Elementary)

Noshirvani 58.8 B (Elementary)

Shahrabi 60.0 B (Secondary)

According to Appendix 3 of National Building
Regulations,  Section 19 (Climate  A3),
permissible limits for elementary schools in
categories A-D are 32, 64, 95, and 127 kWh/mz,
and for secondary schools: 39, 79, 118, and 157
kWh/mz2. Achieving category A would require
45-52% reduction for elementary schools and
approximately 38% reduction for secondary
schools.
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Optimization Strategies and Results:

Thermal Insulation (3 ¢cm Polystyrene): Wall U-
value reduced from 0.7 to 0.48 W/mzK (29%
improvement); roof U-value reduced from 1.1 to
06 W/mK (39% improvement). Energy
reduction: 11-20.7%.

Temperature  Setpoint  Adjustment: Cooling
setpoint from 24°C to 25°C; heating setpoint from
22°C to 21°C. Energy reduction: 16—19%.

Natural Ventilation (50% window
opening): Implemented when outdoor
temperature is lower than indoor during warm and
mild seasons. Cooling energy reduction; 4.4—
10%; total energy reduction: 2.2-5%.
Low-Emissivity Double-Glazed
Windows: Heating energy reduction: up to 10%;
total energy reduction: up to 5%. In Babol's
humid climate, windows with moderate SHGC
(0.4-0.5) and low U-value (below 1.4 W/mK)
are recommended to balance summer heat gain
reduction and winter solar heat collection.

Solar Panels (30 kW capacity, 160 m?, 19%
efficiency): Annual electricity ~ production:
46,485-48,521 kWhl/year. Electricity supply
coverage: up to 100% for Barekat and Shokouh
schools.

Combined Strategies: When all strategies were
applied together, total energy consumption
decreased by 22-24% (Barekat: 22.2%, Shokouh:
24.1%, Noshirvani: 23.7%, Shahrabi: 24.1%).
The combined reduction is somewhat less than
the sum of individual effects due to interactive
thermal effects in the humid climate, but the
balanced combination remains highly effective.
Economic Analysis (Photovoltaic System):

Parameter Value

Analysis period 20 years

Discount rate 5%

Electricity price 203.691 IRR/kWh

CO: cost $50/ton (190,000
IRR/USD)

Construction cost 22.5 million IRR/kKW

Annual maintenance | 2% of investment

Average annual | 47,595 kWh
production

CO: reduction ~28 tons/year

Net Present Value (NPV): ~2,592,700,000 IRR
Internal Rate of Return (IRR): ~38%

Benefit-Cost Ratio (BCR): 4.07

Simple Payback Period: ~2.6 years

These indicators demonstrate that solar PV
systems, when accounting for environmental
benefits, are not only environmentally sound but
also highly profitable investments.

Conclusion

This study evaluated the energy performance of
four newly built schools in Babol and provided
optimization strategies. The results showed that
the total energy consumption index in these
schools ranges from 58.8 to 66 kWh/m? per year,
indicating the need for design and operational
improvements. The proposed strategies yielded
significant results: insulation reduced energy
consumption by  11-20.7%;  temperature
adjustment reduced consumption by 16-19%;
natural ventilation reduced cooling energy by
4.4-10%; low-emissivity windows reduced
heating energy by up to 10%; combined strategies
achieved 22-24% energy reduction; and solar
panels provided up to 100% of electricity needs
with strong economic viability (IRR ~38%,
payback <2.6 years). Comparison with national
standards showed that the schools are currently in
categories B and C, with potential to achieve
category A through implementation of the
proposed strategies.

These findings demonstrate that a combination of
insulation, temperature management, natural
ventilation, and renewable energy technologies
can effectively reduce energy consumption and
improve thermal comfort conditions. Given
Babol's temperate and humid climate, emphasis
on natural ventilation and the use of high-thermal-
performance materials should be considered key
strategies in the design and renovation of schools.
The results of this research are not only
applicable to Babol but can also be generalized to
other regions with similar climates, serving as a
model for sustainable development in the
educational building sector.

It is recommended that future research examine
the integrated effects of these strategies and
analyze their economic and environmental
impacts in more detail. Additionally, training
users and school administrators in optimal
operation of energy systems and proper
equipment maintenance can contribute to the
sustainability of results. This study represents a
step toward achieving sustainable development
goals and reducing environmental impacts in the
education sector and can contribute to macro-
policies on energy consumption optimization in
Iran.
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Figure 1- Research Process
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Table 2- Climate Data of Babol City (Source: Climate Consultant Software)
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Figure 3- Wind Direction Diagram Figure 2- Temperature Variation Diagram
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Table 3- Selected Case Studies
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Table 4- Basic Information of the Selected Case Studies
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Table 5- Window Specifications
Calculated “alues
Total solar transmission (SHGC) 0.596
Direct solar transmission 0.487
“isible transmittance n.541
Ualue (1ISO 102927 EMN 67 3) (WYm2-K) 2679
U-value (Wim2-K) 2 537
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Table 6- Simulation Results of Barakat School

obo e bebs; ShleS hlo ps5 ards 6 S5l

Jan 635 1,651 5,646 - 426 2,286 6,072 8,358

Feb 557 1,456 4,438 - 400 2,014 4,837 6,851

Mar 614 1,606 2,623 - 373 2,220 2,996 5,216

Apr 588 1,541 544 242 533 2,371 1,077 3,448

May 635 1,651 - 1,639 533 3,926 533 4,459

Jun 588 1,541 - 3,102 506 5,231 506 5,738

Jul 614 1,606 - 4,194 426 6,414 426 6,840

Aug 635 1,651 - 4,273 426 6,559 426 6,986

Sep 568 1,495 - 2,724 533 4,788 533 5,320

Oct 635 1,651 - 1,928 426 4,214 426 4,640

Nov 609 1,586 1,159 458 586 2,653 1,745 4,398

Dec 594 1,560 3,996 - 426 2,154 4,423 6,577

Ann 7,272 18,998 18,40 18,561 5,595 44,831 24,001 68,832
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Figure 5- Thermal loss factors in winter, Barakat Figure 4- Thermal loss factors in summer,

School Barakat School
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Table 7- Simulation Results of Shokouh School

olo It iy, Salo,s Salopw ol Froodn ST &
Sre FraopsS Srae (Brao syl
Jan 730 1,899 8,276 - 243 2,629 8,519 11,148
Feb 641 1,675 6,442 - 214 2,316 6,656 8,972
Mar 706 1,847 3,815 - 255 2,553 4,070 6,623
Apr 677 1,772 872 227 243 2,675 1,115 3,790
May 730 1,899 - 1,949 236 4,578 236 4,813
Jun 677 1,772 - 3,694 257 6,142 257 6,400
Jul 706 1,847 - 5,103 295 7,656 295 7,951
Aug 730 1,899 - 4,936 295 7,565 295 7,861
Sep 653 1,720 - 2,925 292 5,298 292 5,590
Oct 730 1,899 - 1,886 225 4,515 225 4,740
Nov 700 1,824 1,969 361 236 2,886 2,205 5,091
Dec 683 1,794 6,144 - 266 2,477 6,410 8,887
Annual 8,362 21,846 27,518 21,081 3,059 51,289 30,577 81,865
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Figure 7- Thermal loss factors in winter, Shokouh -L& « Figure 6- Thermal loss factors in summer, Shokouh =2
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Table 8- Simulation Results of Noshirvani School
olo Sl bebs; Sleys Sl s S| ar K5 s iAo
Jan 1,075 2,822 9,345 - 362 3,898 9,707 13,604
Feb 944 2,492 7,212 - 320 3,436 7,532 10,968
Mar 1,041 2,738 4,798 - 378 3,778 5,176 8,954
Apr 997 2,635 1,264 218 362 3,850 1,626 5,475
May 1,075 2,825 - 2,259 352 6,159 352 6,511
Jun 997 2,620 - 4,749 381 8,366 381 8,747

Jul 1,041 2,721 - 6,739 435 10,501 435 10,936
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Aug 1,075 2,798 - 6,665 435 10,538 435 10,973

Sep 962 2,539 - 4,199 431 7,700 431 8,131

Oct 1,075 2,823 - 3,113 336 7,012 336 7,348

Nov 1,032 2,715 1,825 877 352 4,623 2,177 6,800

Dec 1,006 2,652 6,262 - 393 3,658 6,655 10,313

Ann 12,320 32,379 30,705 28,820 4,538 73,519 35,243 108,762
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Figure 9- Thermal loss factors in summer, Noshirvani Figure 8- Thermal loss factors in winter, Noshirvani
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Table 9- Simulation Results of Shahrabi Building
obo B e T oS Guboyw o Ol Gpangpds 5 F o ran g5 IS
SEra SErae

Jan 784 1,895 8,248 - 285 2,679 8,532 11,211
Feb 689 1,668 6,334 - 251 2,357 6,585 8,942
Ma 759 1,838 3,599 - 299 2,598 3,897 6,495
Apr : 728 1,763 837 835 285 3,326 1,122 4,447
Ma 784 1,895 - 3,384 276 6,062 276 6,339
Jun s 728 1,763 - 4,453 301 6,943 301 7,244
Jul 759 1,838 - 5,631 346 8,228 346 8,574
Aug 784 1,895 - 6,494 346 9,173 346 9,519
Sep 703 1,706 - 3,842 342 6,251 342 6,593
Oct 784 1,895 - 2,323 264 5,002 264 5,265
Nov 752 1,819 1,738 655 276 3,226 2,014 5,240
Dec 735 1,782 5,345 - 311 2,517 5,656 8,173
Ann 8,989 21,757 26,101 27,616 3,581 58,361 29,682 88,043
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Figure 11- Thermal loss factors in winter, Shahrabi Figure 10- Thermal loss factors in summer,
School Shahrabi School
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Figure 14- Validation of simulation Figure 13- Validation of Figure 12- Validation of simulation
results for Noshirvani School against ~ Simulation results for Bonyad-e-  results for Shokouh School against
electricity and gas bills Barekat School against electricity electricity and gas bills
and gas bills

DGR (5999 (U0 RN w3 (] )D s 05D 50 g (95 (98 (28lg (SLoodld jloolaiul b LS p ol g
2198 358 25 9 Sl Sras o8l Wl jeax casly (taloyw 5 pale)S Slaptan o Shoe alex
J3las a4y ailale (gonds g ,So3lul polie 5 o s slodends O pan s S b 0l oulass al],F adly sloosgime
SlPes dayie dw o slp (Mg (98 L sadiluand galale 6551 Spae lawlie Glalgeiion
sl g o)l cisllae (sdlg sbosls L by Jow ;o Bras sailale Olpass S &g, dims oo lid 1) Jed LB
Sl #8051 SVL oo (sl osditinlnaR % sl p el 005 il oS oy p95a By Jluad

Bl on (Hly sloosls 5 Jue Slacim i (m $58 Sared Goiadplis oS

éf Sl M °
. RMSE s e MAPE ;CV(RMSE) « RMSE sl csla msls « Jon <85 (oS i sl
09 o drmle ) gl 5l g e e (L CelulgshS cu g ) a3 gojlail (1SSl



nr S50 505 S92 5l SLod 5 1L e 3lugd o sIho 33 (53591 By (5 Hlidingt 9 JS / 3 S0 39380 9 e

|, .n
1 ,
RMSE = |;Z’(.Si —4)
\! i=1
el aole SlawsTl g 28ly Jladied; oo jlwans HlaiaS; o] jo a8

Z,\,{TG‘, Cawdds py ikl 5l las Sl e (2 She o) Ol s o po

' RMSE
CV(RMSE) = I x 100

1090 o0 damle py ikl 5l llas sl so o (1 Ske uisren

Sy Olsug (Silg i 095l A joko duw (513 1y &gl 5 LG AN Ve Jou
Table 10. Summary of calibration results for the three schools: Shokouh, Noshirvani, and Boniyad

Barakat.
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Figure 16- Impact of insulation on roof Figure 15- Impact of insulation on
thermal IOSS in Barakat School Wa" thermal IOSS n Barakat SChOOI
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Figure 17- Impact of insulation on total heating and cooling
energy reduction in Barakat School
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Figure 19- Impact of insulation on roof Figure 18- Impact of insulation on

thermal loss in Shokouh School wall thermal loss in Shokouh School
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Figure 20- Impact of insulation on total heating
and cooling energy in Shokouh School
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Figure 22- Impact of insulation on roof Figure 21- Impact of insulation on wall
thermal loss in Noshirvani School thermal loss in Noshirvani School
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Figure 23- Impact of insulation on energy
consumotion reduction in Noshirvani School
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Figure 25- Impact of insulation on roof Figure 24- Impact of insulation on wall
thermal loss in Shahrabi School thermal loss in Shahrabi School
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Figure 26- Impact of insulation on energy

consumption reduction in Shahrabi School
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Figure 27- Impact of temperature setpoint adjustment on total HVAC energy in Barakat School
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Figure 28- Impact of temperature setpoint adjustment on total HVAC energy in Shokouh School
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Figure 29- Impact of temperature setpoint adjustment on energy consumption reduction in
Noshirvani School
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Figure 30- Impact of temperature setpoint adjustment on energy consumption reduction in
Shahrabi School
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Figure 31- Air change rate from natural ventilation and unwanted infiltration in Barakat School
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Figure 32- Air

change rate from natural ventilation and unwanted infiltration in Shokouh School
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Figure 33- Air change rate from natural ventilation and unwanted infiltration in Noshirvani School
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Figure 34- Air change rate due to natural ventilation and unintended infiltration in Shahrabi School
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_Ta_b]e_l_}:__Specifications of Low-E Double-Glazed Window

QOutermost pane

[ Pane type Generic LoE CLEAR 6MM
[ Flip layer
‘Window gas 1
{1 Window gas type ARGON 13MM
[ Pane type Generic CLEAR 6MM

Calculated Yalues

Taotal solar transmission (SHGC) 0.568
Direct solar transmission 0.474
Yisible transmittance 0.745
U-value (ISO 10292/ EN 67 3) (W/m2-K) 1.357
U-Value (W/m2-K) 1.493
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Figure 35- Incident solar radiation on windows in Barakat School
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Figure 36- Incident solar radiation on windows in Shokouh School
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Figure 37- Incident solar radiation on windows in Noshirvani School
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Figure 38- Incident solar radiation on windows in Shahrabi School
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Figure 40- Solar power plant placement on the roof Figure 39- Solar electricity generation in
of Barakat School Barakat School
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Figure 41- Solar electricity generation
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Figure 42- Location of the solar power plant
installation on the roof of Shokouh School
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Figure 44- Solar power plant placement on the roof Figure 43- Assessment of solar electricity
of Noshirvani School generation in Noshirvani School
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Figure 46- Location of the solar power plant on generation in Shahrabi School
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Table 12- Key Assumptions and Baseline Parameters
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Table 13- Investment and Maintenance Costs (Present Value)
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Table 14- Benefits from Electricity Savings and Emission Reduction (Present Value)
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Table 15- Main Economic Feasibility Indicators
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Table 16- Comparative Economic Performance of the Studied Schools (Disaggregated Results)
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Figure 48- Energy saving percentage of Figure 47- Optimization percentage of
different strategies in Shokouh School different strategies in Bonyad-e-Barekat
School
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Figure 50- Energy saving percentage of Figure 49- Energy saving percentage of
different strategies in Shahrabi School different strategies in Noshirvani School
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Table 17— Combined Optimization Strategy Results for the Four Case Study Schools
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