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ABSTRACT

The building sector is one of the largest energy consumers in Iran, and mechanical and electrical
systems play a key role in enhancing energy efficiency and building resilience. This study proposes an
integrated framework for assessing building resilience and reducing energy consumption in residential
buildings based on the requirements of Chapters 19 and 21 of the Iranian National Building Regulations. A
representative residential building located in Tehran was modeled using Carrier HAP software under 80
expanded polystyrene (EPS) insulation scenarios, and its thermal performance indicators were evaluated.
In addition, the resilience indicators of building systems were weighted using the Best-Worst Method
(BWM) and ranked using the Technique for Order Preference by Similarity to the Ideal Solution (TOPSIS).
The results demonstrated that the application of EPS insulation significantly reduced the building's heating
and cooling loads, with the optimum insulation thickness ranging from 7 to 8 cm for external walls and
from 5 to 6 cm for roofs. Implementing the requirements of Chapter 19 of the Iranian National Building
Regulations can reduce residential building energy consumption by approximately 25-40%. Furthermore,
continuity of energy supply, equipment redundancy, emergency power systems, and support systems for
designated safe areas were identified as the most influential factors in enhancing building resilience. The
proposed framework provides a practical decision-support tool for reducing energy consumption,
evaluating the resilience of mechanical and electrical systems, and prioritizing resilience enhancement
strategies in residential buildings.
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Introduction

The building sector is one of the largest energy consumers in Iran, and its mechanical and
electrical systems, in addition to their direct impact on energy consumption, play a crucial role in
maintaining safety, operational continuity, and the resilience of buildings during emergencies.
However, existing studies have generally examined these two aspects separately. Considering the
requirements of Chapters 19 and 21 of the Iranian National Building Regulations, there is a need
for an integrated framework to simultaneously enhance energy efficiency and the resilience of
building mechanical and electrical systems, thereby reducing energy consumption and operational
costs while improving the safety and operational sustainability of buildings. The objective of this
study is to develop an integrated framework for simultaneously evaluating the energy
performance and resilience of mechanical and electrical systems in residential buildings,
determining the optimum thickness of expanded polystyrene (EPS) thermal insulation, and
prioritizing resilience enhancement strategies in accordance with the requirements of Chapters 19
and 21 of the Iranian National Building Regulations. The research seeks to answer the following
questions: What is the optimum thickness of thermal insulation for reducing building energy
consumption? Which factors have the greatest influence on the resilience of building mechanical
and electrical systems? How can the integration of the requirements of Chapters 19 and 21 of the
Iranian National Building Regulations simultaneously improve the energy efficiency and
resilience of residential buildings?

Methodology

The present study is application-oriented and developmental in terms of its objective and adopts
a descriptive—analytical methodology with a quantitative approach. First, previous studies, the
requirements of Chapters 19 and 21 of the Iranian National Building Regulations, ASHRAE
standards, and passive defense guidelines were comprehensively reviewed to identify the
evaluation indicators for energy performance and resilience and to establish the research
framework. Subsequently, a representative residential building was modeled, and its energy
performance was simulated using Carrier HAP software under 80 different scenarios involving
variations in expanded polystyrene (EPS) insulation thickness, window type, and building
orientation. Thereafter, resilience enhancement strategies were prioritized using the Technique
for Order Preference by Similarity to an Ideal Solution (TOPSIS), and a sensitivity analysis was
conducted to evaluate the robustness of the results. Finally, the energy performance indicators,
including annual heating and cooling loads, the overall heat transfer coefficient (U-value), the
heat loss coefficient (H), the specific heat loss coefficient (H), and the optimum insulation
thickness, were calculated. Based on the obtained results, appropriate strategies were proposed to
simultaneously improve the energy efficiency and resilience of residential buildings.

Results and discussion

The energy simulation results demonstrated that increasing the thickness of EPS thermal
insulation significantly reduced the building's heating and cooling loads. However, as the
insulation thickness increased, the incremental energy savings gradually diminished, indicating a
reduction in the marginal effectiveness of additional insulation. The results of the energy and
economic analyses indicated that the optimum insulation thickness was 7-8 cm for the external
walls and 5-6 cm for the roof. Compliance with the requirements of Chapter 19 of the Iranian
National Building Regulations can reduce building energy consumption by approximately 25—
40%. Furthermore, the resilience assessment revealed that emergency power supply, equipment
redundancy, fire detection and suppression systems, emergency ventilation, and safe shelter
facilities are among the most critical factors contributing to the resilience of building mechanical
and electrical systems. The weighting of the evaluation criteria using the Best-Worst Method
(BWM) and the prioritization of resilience enhancement strategies using the Technique for Order
Preference by Similarity to an Ideal Solution (TOPSIS) indicated that upgrading critical systems
and ensuring the availability of backup resources have the greatest impact on improving building
resilience. Overall, the integration of the requirements of Chapters 19 and 21 of the Iranian
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National Building Regulations provides a comprehensive and effective framework for
simultaneously enhancing energy efficiency, reducing operational costs, and improving the
resilience of residential buildings.

Conclusion

The results of the resilience assessment indicated that the mechanical and electrical systems play
the most significant role in enhancing building resilience. Furthermore, measures such as
providing an emergency power supply, increasing the redundancy of critical equipment, and
improving safe shelter facilities were identified as the most effective strategies for enhancing
building resilience. Furthermore, the energy simulation results demonstrated that the combined
application of double-glazed windows and expanded polystyrene (EPS) thermal insulation
significantly reduced heat loss and annual heating and cooling loads. Moreover, compliance with
the requirements of Chapter 19 of the Iranian National Building Regulations can result in energy
savings of approximately 25-40%. Based on the technical and economic analyses, the optimum
insulation thickness was determined to be 7-8 cm for the external walls and 5-6 cm for the floor
above the parking area. The main contribution of this study is the development of an integrated
framework for the simultaneous evaluation of building energy performance and resilience through
the combined use of energy simulation and the Best-Worst Method (BWM) and the Technique
for Order Preference by Similarity to an Ideal Solution (TOPSIS), which enables more effective
decision-making for the design of sustainable and resilient residential buildings. The proposed
framework can serve as an effective decision-support tool for the design of sustainable, energy-
efficient, and resilient residential buildings. Furthermore, it provides a robust foundation for
future research aimed at extending this approach to other climatic regions and diverse building
typologies.
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LL Zone Design Load Summary for RADIATOR J
Project Name: TEHRAN k=0.560w=T EPS POLIMER 1cm 010 (2 1405 (51092026
Prepared by HP 09:28AM)
Zone 1 DESIGN COOLING I DESIGN HEATING
COOLING DATA AT Jul 1500 II’EATING DATAATDES HTG
COOLING OADB/WB 38.9°C/239°C HEATING OADB/WB 6.7°C/-88°C
OCCUPIED T-STAT23.9°C OCCUPIED T-STAT21.1°C
Sensible Latent| Sensible Latent|
|ZONE LOADS Details, w) w) Details| w) w)
|Wlmow&5kvllmsalarloaﬂs 122m? 11 | 122m* | :
|WaIITrarsmissi0n 329, 5570, | 29m? 11765 b
|Roof Transmission 130 m?, 1479 | 130 m* 4831 5
|W|ndtm L 12m 3264 : 12m 7366 E
Skylight 0 m?| 0] om? ] E
Door Loads Om?, 0] 0m? 0 |
Floor 160 m? 0] 160 m? 0 :
Partiions. 293 m? 0] 293 m? 0 |
Cailing 269 m? 0] 269 m? 0 :
Overhead Lighting 2765 W| 2765 0 0 E
(Task Lighting 0w, 0] 0] 0 E
Electric Equipment 0W| 0] E 0] 0 E
People 9 5540 4000 0 0 0)
Infiltration : 12340 4342 E 1786 7|
] 0] 0 0 0|
Safety Factor 10%/10% 4207 884 0% 0 0|
[>> Total Zone Loads - 46277 8726 - 25728 7]
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Oloss b (651 095 cyumri—Y-Y-Y
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(U=1.11W/m2.K) o +.¥Y cowlis bylgs oylovuz

9 )l pllas Fogul  Jhwsh  EPS)ole ile Gl 2gail 92 4
D(m) 0.03 0.15 0.02 0.02 0
K(W/m K) 0.57 0.5 0.056 1

R (M2K/W) 0.053 03 0.35 0.02 0.17
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D(m) 0.03 0.15 0.02 0.02

K (WIMK) 0.57 05 0.056 0.57 C
R (M2K/W) 0.053 0.3 0.357 0.035

Yv-1+(kg/m3)

EPS) sly> Gile b SinS )y (59, S (55,1, Soladino :(A) Jgiz
K=0.25(W/m.K) l,2 &y ( U=1.343W/m2.K)

b 50 wlae Salise  (EPS)oyls @ile glow gawbo oMo Jliw Sl g 42 15 i Olosmw 3905
D (m) 0.02 0.02 0.02 0.2 0.03
K(W/m.K) 1.2 0.056 \ 0.5 0.3
R (m2K/W 0.017 0.357 0.02 0.4 0.1

Olesd b dwgy (Il > lasuine -¥-Y-3
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5 e olre ok (S pl o )15 b les cole Sy i ia AD AG AF AR AW wabal; ol )5 598 o
Sl Jil 2 ot ol el gy Sl 5 e JUisil o U 5 om0t ) slaliad jglone 2ok
eled gl e ;5T dbal, ol 55 b denlira (V) ala) @llas 5 atwgs (sli2] xdly Slaseie bl 5 (H) plaslo )b
ey 505 7S g padie e Ll Gk 0051 sl ipdy Sl ool Gl sla s ot o)l Jil e
sy > oxial) uls, sl o(H) plaisls g pe &l JE s ol gz pe ke 4 S b Sl JUi
(Ministry of Roads and Urban Development, 2025). a5 aculre oyleislo (o &l i 083595 come 58,55

HA = (AW X UMW) + (AR X UR) + (AF X UMF) + (P X UAP) + (AG X UG) + (AD x U"D)

5
A ®

n
. 5
H =Z(Awi x OWi x i) @

i+1

n
+ Z(ARi x URi X Ti)
i=1
n
+ Z(AFi x UFi X ti)
i=1

n n n
+ Z(AGi x UGI x i) + Z(ADi x UDi x i) + Z(Pi X Wi X i)
i=1 i=1 i=1

oleis e (o Ol pio 1 Lo (py slogs )L iy 23 —O-T-Y
D iy 0,z g9 5 S Gle Sl bl pskie 635 sz Ao it Lol (ga )b dn (Girghy cnl 5o
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Sl 5y S 5 2

Vb Y slaculs 5 (EPS) il g5 cotn oS5 Julis (o8 slag )l | slaesorme pgw g pgd g5l 50
D9d b)) G580 O )ypear 65l de Bile Cwls g gg8 JIU 0l (cwyp SIS )L 65, B 5 (2B o slp e il
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29224 9452 0 1.343
25728 9726 1 1.287
23535 9626 2 1.047
22031 9557 3 0.883
20936 9514 4 0.763
20102 9507 5 0.672
19447 9879 6 0.6
18917 9832 7 0.542
18482 9799 8 0.494
18116 9775 9 0.454
17805 9759 10 0.42
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