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ABSTRACT

The article deals with the study related to thermal insulation of building walls in Tehran through 
energy consumption reduction, aiming to contribute to sustainability of the urban environment. 
In Iran, more than 40% of total energy consumption is related to the construction and housing 
sector, so optimization of the building thermal performance has a high relevance. 
Insulation materials are increasingly being used in Tehran; however, there is still a lack of a com-
prehensive quantitative framework embracing local materials and building typology. In this re-
gard, the equivalent of ten different insulation configurations has been simulated for thermal 
performance using Design Builder software in order to study their respective effects on energy 
efficiency. Each configuration includes variations in insulation types and thicknesses.
The results highlight that insulation materials, including polyurethane, fiberglass board, and 
mineral wool, are excellent thermal performance enhancers, while the high level is normally 
achieved by growing the heat balance. Besides, finding the optimal range of insulation thick-
ness-2-6 cm-provides practically the maximum energy economy.
This quantitative framework will help architects and designers make informed choices about 
appropriate wall insulation materials in Tehran’s buildings. The novelty of the present research 
is that, for the first time, such a study will focus on the specific climatic condition of Tehran and 
its local construction practice. These findings have broader implications for further research 
and urban planning, since this laid framework may be applied to the multiple Iranian cities with 
diverse climate zones, hence guiding sustainable building designs throughout the nation.

Cite this article as: Hassani A, Bahramani SK. Residential building thermal transmittance 
simulation-based analysis in Tehran city with an approach to assess wall insulation. J Ther 
Eng 2026;12(1):229−253.
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INTRODUCTION 

Thermal insulation of a building wall is crucial for 
reducing the loss of thermal energy in buildings. According 
to an investigation published in Case Studies in Thermal 

Engineering journal, Energy is one of the major challenge 
faced by mankind. Buildings consume approximately one-
third of the total national energy in China, including energy 
consumption in transport, industries, appliances, buildings 
and so on, so the reduction of building energy consumption 

https://jten.yildiz.edu.tr
https://orcid.org/0009-0008-1213-5099
https://orcid.org/0000-0002-6987-9987
http://creativecommons.org/licenses/by-nc/4.0/


J Ther Eng, Vol. 12, No. 1, pp. 229−253, January, 2026230

is paramount for sustainability [1, 2]. Building energy usage 
is a significant issue in numerous countries and cities. 
Tehran, Iran’s capital, is encountering this issue in a compa-
rable manner. As the investigation entitled” Thermal anal-
ysis model of a building equipped with a green roof and its 
energy optimization”, The construction and housing sector 
uses more than 40% of energy in Iran [3]. Neglecting this 
issue in Tehran, the capital city of Iran, could lead to nega-
tive consequences for energy usage, ultimately resulting in 
significant heat loss in urban buildings. 

Although Tehran uses thermal insulation to varying 
degrees, research on the types of insulation materials used 
indicates that there is no clear framework that illustrates 
the range of thermal insulation options for walls. In addi-
tion, the lack of a quantitative framework for wall insula-
tion materials can negatively affect the architectural design 
of buildings in Tehran, and they do not have access to a 
suitable reference that specified insulation materials quan-
titatively. In accordance with this issue, there is a research 
gap in the field of quantitative study of these insulations 
and their effectiveness in Tehran. Architects and building 
designers have paid little attention to this issue throughout 
the design process because of their low efficiency and lim-
ited quantity.

To address this problem, future research should develop 
a quantitative framework for thermal insulation materials 
for building walls based on Tehran’s building wall design 
typology and thermal insulation materials that are read-
ily available in the Iranian market. The research findings 
and the quantitative framework that were developed would 
allow Tehran architects and building designers to carefully 
consider the type of wall thermal insulation materials when 
designing buildings. The research framework presents the 
innovative method of insulation materials quantitative 
analysis.

LITERATURE REVIEW

Building Thermal Transmittance
The assessment of energy efficiency of heating and wall 

layers is considered as important component to energy effi-
ciency in the building context. This area has been consid-
ered in prior literature and included aspects of insulation 
thickness, thermal mass, and heat transfer coefficients. The 
literature review also provided a considerable body of liter-
ature on insulation layer thickness optimization in regard 
to evaluating indicators of thermal resistance [4]. This com-
prised published research on insulating layers alongside 
assessing the dynamically assessed heat-transfer properties 
of proposed insulating layer characteristics [5]. An opti-
mization characterization of the thermal insulation-layer 
characteristics of the building envelope exterior-wall sys-
tems was also discussed to account for a life-cycle economic 
assessment [6]. Experimental research has been conducted 
to analyze the heat flows through ventilated wall systems 

with different types of heat-conductive connectors [7]. 
Using vacuum insulation panels (VIP) was investigated 
to reduce heat energy loss through walls by lowering the 
thermal transmittance of lightweight steel frame (LSF) wall 
systems [8]. Cardboard was also assessed as an environ-
ment-friendly wall thermal insulation for low-energy pre-
fabricated buildings [9]. The External Thermal Insulation 
Composite System (ETICS) is a common passive strategy 
to obtain energy savings in existing buildings, and its ther-
mal performance decay has been evaluated through labo-
ratory tests [10]. Filling the empty air cavity between two 
layers of building materials with insulation can also reduce 
energy loss through opaque envelope surfaces [11]. The 
research entitled “Climate change and ideal thermal trans-
mittance of residential buildings in Iran” aimed to deter-
mine the degree to which the thermo-physical parameters 
of building envelope materials must be altered in order to 
maintain their ideal thermal performance during climate 
change. In this regard, optimal thermal transmittances 
(U-values) of residential building envelopes for both pres-
ent and future climate scenarios were calculated, and com-
pared. As a result, the investigation concluded that future 
ideal U-values in the central and northern regions will be 
either higher or lower than current values. For areas of high 
cooling demand, future U-values are likely to be less than 
ideal U-values, and with the possibility of being the least 
possible [12]. In another investigation conducted in 2021, 
the objective of this research was to ascertain the thermal 
transmittance of external walls for single-family homes 
and to establish the optimal thickness of thermal insulation 
using energy simulation to maintain heating energy con-
sumption under climate change conditions while comply-
ing with state regulations in the Los Ríos region of Chile. 
It was demonstrated that for each time period and in each 
geographical location of the region, the optimal U-value of 
the external walls is different [13].

Significance of Layer Optimization in Wall Construction
Building wall layer optimization attempts to determine 

the optimal combination of insulation thickness and posi-
tion to enhance the thermal performance of building walls 
[14]. In an investigation, the wall layer optimization process 
aims to minimize the total cost while considering the insu-
lation thickness, AC load, and energy consumption cost 
[15]. The best overall performance was achieved by a wall 
with three layers of insulation, each 26 mm thick, placed 
inside, middle, and outside, followed closely by a wall with 
two insulation layers, each 39 mm thick, placed in the mid-
dle and outside [6, 14]. In another study conducted in 2011, 
insulation layer optimization was analyzed in the Riyadh 
climate zone, and the researcher wanted to determine the 
effect of one, two, or three layers of insulation in various 
locations. The findings demonstrate that the ideal thickness 
of an insulating layer is independent of where it is placed 
within the wall and that, in the case of many layers, the total 
optimum thickness of those layers is equal to the optimum 
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thickness of a single layer [14]. In another article, which 
was based on Iran’s different climate zones, it was strongly 
advised to maximize the insulation thickness of the walls. 
The yearly heating and cooling loads of a modeled build-
ing in Iran’s climate zones were computed using numeri-
cal analyses, with insulation materials of varying thermal 
conductivities and costs were used as external wall layers. 
According to the results, ranged from 0.79 to 11.39 cm, with 
glass wool identified as the best insulation for overall cost 
reduction [16]. The research entitled “Investigation of the 
wall’s optimum insulation position from a maximum time 
lag and minimum decrement factor point of view” concen-
trated on the wall insulation layer position to maximize 
heat conduction time lag, and four-centimeter-thick insu-
lation was placed in different positions on a 20-cm-thick 
wall. As part of the research conclusion, significant time 
lags and minimal decrement factors occur when half the 
insulation is placed on the outer surface of the wall and the 
other half in its mid-center plane [17].

Thermal Analysis through Simulation Models
Thermal simulation of building walls is a key aspect of 

building design and energy efficiency [18]. Several studies 
have been published related to modeling the thermal perfor-
mance of a building wall, especially in the context of histor-
ical or multilayer wall for retrofit scenarios. While a study 
that investigated the heat transfer process has a similar aim 
in supporting building retrofits and decreasing energy con-
sumption [19]. The worth of the data obtained through the 
study include its contribution of long-term data monitoring 
regarding long-term process and numeric simulations, and 
the insight of applying numerous wall materials and prop-
erties to model the thermal behavior of building walls [20]. 

As a standard process, the work of evaluating and 
interpreting monitoring data for building wall thermal 
simulation is made more robust by integrating long-term 
monitoring data with numerical simulations. Each of the 
following tasks are typical for long-term thermal assess-
ment of building wall systems:
-	 Long-term monitoring: A monitoring system is imple-

mented to perform long-term assessment of the thermal 
performance of the building wall.

-	 Numerical Simulation: Based on the established meth-
odology, numerical modeling software is used to for-
mulate a numerical model at the component level of the 
wall system. That is run simulations of material types 
that are identified in the in the database, and the simu-
lation data is reviewed to select the most effective mate-
rials to minimize the differences between the simulated 
data and monitored data.

-	 Optimization: In this step, the materials that were 
selected are used to produce the first optimized 
simulation. 

-	 Assessment: Assess reliability and robustness of the 
numerical simulations with a data comparison of the 
monitored data and numerical simulated data.

-	 Interpretation: Evaluate the simulations’ results based 
on the monitored data to assess the thermal perfor-
mance of the component wall system, to aid decision 
making for energy efficiency target calculations and 
comfort of use measures [20].
There are many simulation methods to assess the ther-

mal transmittance of the walls of buildings. These methods 
include experimental, numerical, and analytical methods. 
Research that the present study has conducted included the 
following:
-	 Research presented a new and simple way to assess the 

wall thermal transmittance, focusing on assessing its 
feasibility. This study has used simulation and experi-
mental methods [21].

-	 Research compared the thermal transmittances of light-
weight steel-framed wall systems, using both experi-
mental and numerical methods. This study compared 
thermal variances through the thermal conductivity of 
distinct components of lightweight steel-framed wall 
systems using a more complex geometric properties in 
its evaluation [22].

-	 Research conducted an overview and comparison of 
six analytical methods used to determine the thermal 
transmittance of lightweight steel-framed wall systems. 
The review consisted of careful analysis of the estima-
tion methodology along with a comparison of the accu-
racy of each analytical method [23].

Literature Critical Analysis
To summarize the reviewed studies, in the first point, the 

impact of insulation layer placement on the dynamic heat 
transfer of building walls was investigated with an empha-
sis on the optimization of insulation thickness. Economic 
evaluations guided the consideration of thermal insulation 
properties, with a particular focus on vacuum insulation 
panels [VIPs) and external thermal insulation composite 
systems [ETICS) for limiting heat loss. Another option is 
to fill the air cavities with insulation. From another per-
spective, filling air cavities with insulation materials is also 
recognized as an effective strategy. Wall layer optimization 
involves determining the optimal combination of insulation 
thickness and layer placement while considering total cost 
and energy consumption. From another perspective, the 
performance of one, two, or three layers of insulation was 
analyzed. In Iran’s climate zones, numerical investigations 
have determined ideal insulation thickness and material. 
One study focused on maximizing heat conduction time lag 
by positioning insulation layers and concluded that placing 
insulation outside and the mid-center of the wall resulted in 
significant time lags and minimal decrement factors.

Based on the reviewed investigations, there is a lack of 
specific focus on the Iranian context, particularly consid-
ering its unique climate conditions and building practices. 
The multi-climatic nature of Iran significantly influences 
the extent of thermal energy loss in buildings across dif-
ferent regions. While various regions require analysis, 
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conducting this research for Tehran, the high-density 
capital, is particularly necessary. Second, economic eval-
uation of thermal insulation analysis relies on regional 
data, potentially overlooking localized factors that influ-
ence cost-effectiveness in Iran. Therefore, this research 
seeks to provide a quantitative framework based on the 
design typology of buildings in Tehran and the local ther-
mal insulation materials as a tool for architects in Tehran 
enabling them to use this framework to design buildings 
based on numerical data and address the lack of such a 
practical tool.

MATERIALS AND METHODS

According to the research title, it is important to have 
a comprehensive method that covers all aspects of build-
ing wall thermal transmittance and heat consumption. 
Therefore, a simulation-based approach using Design 
Builder software is considered. This section describes the 
key steps of the methodology.

Design Builder was chosen as the simulation software 
for this study because of its capabilities control in assessing 
the thermal performance of building walls in different envi-
ronments. In this investigation, Tehran’s climatic conditions 

will be considered. The ability to conduct a detailed exam-
ination of different building insulation and layering config-
urations is unique. The selected versions - Design Builder 
version 6.10.006 and Energy Plus version 8.9 - formed the 
basis for modeling and energy simulation in this study. 
According to Design Builder website, easy-to-use tools 
allow for the comparison of different design options, iden-
tification of the best solutions and high-quality reports, and 
rendering of graphics to help communicate results to proj-
ect stakeholders in an easily understandable way.

Methodology Steps Description
•	 Building modeling: the first phase involves two dimen-

sions building modeling using the engineering draw-
ing software Autodesk AutoCAD version 2020. After 
that, three-dimensional modeling was conducted using 
Design Builder. Figures 1-2 show a 2D model, and 
Figure 3 shows the 3D model. In the next part, each part 
of the plan was defined as a specific zone, as is apparent 
in Figure 1 coloring, and Table 1 expresses them sepa-
rately. It is considerable that Zone 1 (Figs. 4 - 5) is con-
sidered the main part of the simulation process in this 
investigation.

•	 Material property assignment: According to the 
aforementioned case study, the simulation process is 

Figure 1. Building plan zoning. Figure 2. Building plan 2d model zoning.
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conducted on ten types of building wall layer configura-
tions in one of the most commonly used types of walls 
in Tehran construction, which the insulation layer and 
its thicknesses are changed. So they named ten types of 
walls (wall types 1-10) in accordance with the insula-
tion changes. The specific category in this section (ten 
wall types) was determined based on the Tehran mate-
rials market. The layer thickness and specific thermal 
properties of materials, such as R-value and U-value, 
will be assigned based on standard values and manufac-
turer specifications for each wall type. It is considerable 
that the R-value and U-value are determined in Design 
Builder automatically in accordance with defined wall 
layering and Iran’s national building regulations. Table 
2 lists the properties of all the wall layers, that were sim-
ulated in this study. Figure 6 indicates the typical wall 
which is used in the simulation process.

•	 Climate zone selection: Simulations were conducted 
for Tehran’s climatic situation, considering specific tem-
peratures, humidity, and solar radiation. Table 3 and 4 
present the aforementioned details, which are written 
based on the Design Builder software. In accordance 
with previous research, Tehran is located in the south of 
the Alborz Mountain Range and in the north of the Iran 
central dessert. Tehran (from 35° 35´ to 35° 55´ N, and 
from 51° 04´ to 51° 32´ E) is warm and dry in summer, 
and cold and humid in winter. The north and north-
east of Tehran are surrounded by the Alborz Mountain 
Chain [25].

•	 Insulation layer configuration: Several simula-
tions were conducted with different insulation layer 

configurations. This included variations of type, thick-
ness, and placement of insulation materials in the wall 
construction. All of the insulation layers and thickness 
can be observed in Table 2.

•	 Optimization process: With the layer configuration 
(insulation layer) established and simulation reports 
available, an optimization process was initiated to ·	
provide the most beneficial combination of insula-
tion layer(s) to achieve the best thermal performance 
improvement.

RESULTS AND DISCUSSION

Optimized Wall Simulation: 2 cm Insulation
According to wall layer optimization, a simulation was 

conducted ten times based on the ten insulation layer opti-
mizations in Figure 7. Figures 8 to 18 present the simula-
tion results of the optimization. There are eight outputs and 

Figure 3. Building 3d model zoning.

Figure 4. Zone 1 plan.

Figure 5. Zone 1 3d model.

Table 1. Plan spaces zoning

Num. Space in plan Zone
1 Living area 1
2 Bedroom 2
3 Bathroom – Toilet 3
4 Kitchen 4
5 Dividing area 5



J Ther Eng, Vol. 12, No. 1, pp. 229−253, January, 2026234

Table 2. Wall Types Layering

Material Thickness (m) R-Value (m2-K/W) U-Value (W/m2-K)
Wall type 1 Façade brick 0.05 1.439 0.695

Cement mortar 0.03
Cement wall block 0.15
Insulation – Polystyrene - HFC 0.02
Gypsum board 0.015

Wall type 2 Façade brick 0.05 1.361 0.735
Cement mortar 0.03
Cement wall block 0.15
Insulation - Polystyrene – CO2 0.02
Gypsum board 0.015

Wall type 3 Façade brick 0.05 1.114 0.897
Cement mortar 0.03
Cement wall block 0.15
Insulation – Polyvinyl Chloride 0.02
Gypsum board 0.015

Wall type 4 Façade brick 0.05 1.237 0.808
Cement mortar 0.03
Cement wall block 0.15
Insulation – Mineral Fiberglass 0.02
Gypsum board 0.015

Wall type 5 Façade brick 0.05 1.344 0.744
Cement mortar 0.03
Cement wall block 0.15
Insulation - Fiberglass 0.02
Gypsum board 0.015

Wall type 6 Façade brick 0.05 1.378 0.726
Cement mortar 0.03
Cement wall block 0.15
Insulation – Rock wool 0.02
Gypsum board 0.015

Wall type 7 Façade brick 0.05 1.132 0.883
Cement mortar 0.03
Cement wall block 0.15
Insulation - Silicon 0.02
Gypsum board 0.015

Wall type 8 Façade brick 0.05 1.328 0.753
Cement mortar 0.03
Cement wall block 0.15
Insulation – Fiberglass board 0.02
Gypsum board 0.015

Wall type 9 Façade brick 0.05 1.248 0.801
Cement mortar 0.03
Cement wall block 0.15
Insulation – Polyurethane foam 0.02
Gypsum board 0.015

Wall type 10 Façade brick 0.05 1.028 0.972
Cement mortar 0.03
Cement wall block 0.15
Insulation – Wood wool 0.02
Gypsum board 0.015
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Table 3. Activity, area, volume, and environmental properties

1. Activity Template
Template Domestic Lounge
Sector Residential space
Zone type Standard
Include zone in thermal calculation +
Include zone in Radiance daylighting calculation +
2. Floor Areas and Volumes
Floor area (m^2) 25.63
Zone volume (m^3) 71.77
Inner surface mode Deflation 
3. Occupancy 
Occupancy density (people/m^2) 0.0188
Schedule Dwell_DomLounge_Occ
3.1. Metabolic
Activity Eating/drinking
Factor (Men=1.00, Women=0.85, Children=0.75) 0.90
Co2 generation rate (m^3/s-W) 0.0000000382
3.2. Clothing
Clothing schedule definition 3349
3.3. Comfort Radiant Temperature Weighting
Calculation type Zone average
4. Environmental Control
4.1. Heating set point temperature
Heating (°C) 21.00
Heating set back (°C) 12.00
4.2. Cooling set point temperature
Cooling (°C) 25.00
Cooling set back (°C) 28.00
4.3. Humidity control
RH Humidification set point (%) 10.00
RH Dehumidification set point (%) 90.00
4.4. Ventilation set point temperature
Natural ventilation
Indoor main temperature control +
Min temperature definition By value
Min temperature (°C) 24.00
Indoor max temperature control -
4.5. Minimum fresh air
Fresh air (l/s-person) 10.00
Mechanical ventilation per area (l/s-m^2) 0.00
4.6. Lighting
Target Illuminance (lux) 150
Default display lighting density (W/m^2) 0.00
5. Computers
On -
6. Office equipment
On +
7. Miscellaneous
On -
8. Catering
On -
9. Process
On -
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Table 4. Building construction properties

1.Construction template
Template Medium weight, moderate insulation
External wall Variable
Below grade walls Brick/brick wall (insulated to 1995 regs)
Flat roof Flat roof U-value = 0.25 W/m^2K
Pitched roof (occupied) Clay tiles (25mm) on air gap (20mm)
1.1. Semi-exposed
Semi-exposed ceiling Roofspace floor insulation 50mm
Semi-exposed floor External floor-Energy code standard
1.2. Floors
Ground floor Ground floor slab
External floor External floor
Internal floor 100mm concrete slab
1.3. Sub-surfaces
Walls 100mm concrete slab
Internal 100mm concrete slab
Roof 100mm concrete slab
External door Wooden door
1.4. Internal thermal mass
Construction 100mm concrete slab
Exposed area (m^2) 0.00
1.5. Adjacency 
Adjacency Auto 
1.6. Surface convection
Heating design
Inside convection algorithm 6-TARP
Outside convection algorithm 6-DOE-2
Cooling design
Inside convection algorithm 6-TARP
Outside convection algorithm 6-DOE-2
Simulation 
Inside convection algorithm 6-TARP
Outside convection algorithm 6-DOE-2
1.7. Linear thermal bridging at junctions
Use Psi values -

Figure 6. Typical wall detail.
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Figure 8. Wall 1 – polystyrene - HFC insulation simulation.

Figure 9. Wall 2 – polystyrene – CO2 insulation simulation.

Figure 10. Wall 3 – poly vinyl chloride insulation simulation.

Figure 11. Wall 4 – mineral fiberglass insulation simulation.
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Figure 12. Wall 5 –fiberglass insulation simulation.

Figure 13. Wall 6 –rock wool insulation simulation.

Figure 14. Wall 7 –silicon insulation simulation.

Figure 15. Wall 8 –fiberglass board insulation simulation.
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each Figure provides eight outputs: glazing, walls, ground 
floor, partitions, roofs, external infiltration, external venti-
lation, and zone sensible heating.

Figure 19 shows the wall heat balance of the simulation 
results. In accordance with the extracted quantity, the heat 
balance of wall 7 was the lowest among all wall layer opti-
mizations. This indicates that fiberglass board is a weak 
insulation layer, as shown in Figure 16, with a heat balance 
of -0.97 kilowatts.

Wall 10 (Fig. 18). Insulated with wood wool. has a heat 
balance eight times better than that of a fiberglass board 
(-0.89 kilowatts).

Walls 3, 4, and 9 present the heat balance of polyvinyl 
chloride, mineral fiberglass, and polyurethane as insulation 
layers. As is obvious in Figures 11, 12, and 17, their heat 
balance quantities are the same (-0.70 kilowatts). Therefore, 
they conduct in a manner similar to thermal transmittance 
as wall insulation.

Figure 17. Wall 10 –wood wool insulation simulation.

Figure 18. insulation wall layer optimization.

Figure 16. Wall 9 – Polyurethane insulation simulation.
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Figure 19. heat balance of polystyrene – HFC. Figure 20. Heat balance of polystyrene – CO2.

Figure 21. Heat balance of polyvinyl chloride.

Figure 23. Heat balance of fiberglass.

Figure 25. Heat balance of silicon.

Figure 22. Heat balance of mineral fiberglass.

Figure 24. Heat balance of rock wool.

Figure 26. Heat balance of fiberglass board.

Figure 27. Heat balance of polyurethane foam. Figure 28. Heat balance of wood wool.
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Walls 6, 1, 5, and 8 present the heat balance of rock 
wool, polystyrene, fiberglass, and fiberglass boards as insu-
lation layers. The heat balance values are similar as shown 
in Figures 14, 9, 13, and 10.

Optimized Walls Simulation: Various Thickness 
Insulation

In this part, a change was made in the simulation con-
dition. According to Figure 18, the result of the simulation 
using all ten types of thermal insulation indicated a nega-
tive heat balance. 

According to Table 5, the simulation results of the 
selected wall type are specified for ten types of thermal 
insulation and three thicknesses. Thermal insulation with 
thicknesses of two, three, and four centimeters was inves-
tigated. The results regarding thermal insulation with a 
thickness of two centimeters are presented in Section 3.1, 
which are shown in Figures 9–18. In this section, the results 
of the wall simulation based on thermal insulation with 
thickness of three and four centimeters are specified. The 
key factor in the simulation results, expressed as heat bal-
ance, is detailed in Table 5 for each thermal insulation layer 
and its various thicknesses.

Wall heat balance factor
The meaning of heat balance involves the balance 

between incoming and outgoing heat to maintain a stable 
temperature and is explored in various contexts [24, 25]. 
This refers to the difference between the heat entering leav-
ing a building’s space.

According to the simulation result, walls are the 
intended output, which expresses the heat balance of the 
zone that has been analyzed (zone 1 of the case study). Wall 
heat balance quantity may express three concepts:
•	 If the wall heat balance is ≥ 0, the heat gains exceed the 

heat losses, indicating that the building receives more 
heat from sources like solar gain or internal heat gener-
ation than it loses through conduction, convection, and 
radiation. 

•	 If the wall heat balance is 0, there is no heat loss or gain, 
indicating efficient thermal energy retention by the wall 
insulation. 

•	 If the wall heat balance is less than or equal to zero, a neg-
ative heat balance indicates that the heat losses exceed 
the heat gains. More heat is lost than is gained in the 
building in this situation, which could lead to increased 
energy usage associated with heating and maintaining 
the temperature within a comfortable range.
According to Figures 9–18, The results of the simulation 

show that the heat balance in the specified wall of the space 
introduced in the case study is expressed as a negative value 
despite the use of various thermal insulations. It indicates 
that the quantity of heat transferred from the indoor to the 
outdoor is greater than the amount of heat transferred from 
the outdoor to the indoor. Therefore, the designed details 
and thermal insulation are not sufficient in the mentioned 

case. Since insulation layer thickness is a considerable fac-
tor in analyzing wall heat balance, the second part of the 
simulation was done with an approach to developing the 
heat balance value.

The optimal thickness of insulation layers in various 
applications, such as composite insulation for external 
walls and building construction, varies based on factors 
like climate, materials, and desired energy savings [26]. 
The research conducted in 2022, indicated that the opti-
mal insulation thicknesses for various building materials 
across multiple thermal zones, ranged from 18.21 mm to 
346.05 mm [27]. In this regard, changes in the thickness 
of the insulation layer were made in the simulation of the 
introduced model in order to achieve the optimal amount 
of thermal insulation. According to the way of implement-
ing external walls in Tehran, the thickness of the thermal 
insulation layer was considered equal to 3 cm to 10 cm, and 
the simulation of the second series was conducted. Table 5 
expresses the result of the simulation series. As is obvious, 
there are ten types of insulation in exterior wall types. In 
this table, the thermal balance factor has been determined 
for each of the walls. 

The noteworthy point in these findings is the ratio 
between the thickness of the thermal insulation layer and 
the thermal balance value of each wall in the defined space. 
As it is obvious from Table 5, in the last column, there are bar 
diagrams that determine the relationship between increas-
ing insulation layer thickness and heat balance in each wall 
type. For all ten wall types, the trend remains consistent. It 
means the heat balance value is expected to increase while 
the thickness of the insulation layer is being raised.

Comparison simulation analysis 
As it is obvious in Figures 19–28, the heat balance quan-

tity of ten wall insulation types is expressed based on the 
thickness. In regard to the increase in insulation layer thick-
ness, heat balance quantity is developing. In another sense, 
the heat loss is reducing. The development value is different 
based on the type of insulation layer.

For instance, the change in heat balance in the wall with 
polyurethane foam as an insulation layer is 42 units (Fig. 
28), which is the best insulation behavior. On the other 
hand, silicon is counted as a weak insulation layer as its 
change is 31 units (Fig. 26). 

Rate of efficiency in insulation development 
As is obvious, there is a direct relationship between an 

increase in insulation layer thickness and wall heat balance 
development. In another aspect, there is a considerable fac-
tor about the amount of heat balance based on the thickness 
increase. In another sense, the increase in heat balance is 
not equal to the thickness increase in any insulation layer.

For instance, in polystyrene (HFC), when the thick-
ness increases from 2 cm to 10 cm, the heat balance value 
increases by 0.06, 0.08, 0.06, 0.06, 0.01, 0.03, 0.02, and 
0.02. So it shows that the insulation thickness increase will 
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Table 5. Simulation report of heat balance in various thickness

Insulation Thickness 
(m)

Heat balance 
(KW)

Change in Heat 
Balance (KW) Thickness and Heat balance diagram

Wall type 1 Insulation – 
Polystyrene - 
HFC

0.02 -0.64
0.03 -0.50 +0.06
0.04 -0.42 +0.08
0.05 -0.36 +0.06
0.06 -0.30 +0.06
0.07 -0.29 +0.01
0.08 -0.26 +0.03
0.09 -0.24 +0.02
0.10 -0.22 +0.02

Wall type 2 Insulation - 
Polystyrene – 
CO2

0.02 -0.61
0.03 -0.53 +0.08
0.04 -0.45 +0.08
0.05 -0.39 +0.06
0.06 -0.35 +0.04
0.07 -0.31 +0.04
0.08 -0.28 +0.03
0.09 -0.26 +0.02
0.10 -0.24 +0.02

Wall type 3 Insulation – 
Polyvinyl Chloride

0.02 -0.96
0.03 -0.90 +0.06
0.04 -0.85 +0.05
0.05 -0.80 +0.05
0.06 -0.76 +0.04
0.07 -0.72 +0.04
0.08 -0.68 +0.04
0.09 -0.65 +0.03
0.10 -0.62 +0.03

Wall type 4 Insulation – 
Mineral Fiberglass

0.02 -0.70
0.03 -0.59 +0.11
0.04 -0.52 +0.07
0.05 -0.46 +0.06
0.06 -0.41 +0.05
0.07 -0.37 +0.04
0.08 -0.34 +0.04
0.09 -0.31 +0.03
0.10 -0.29 +0.02

Wall type 5 Insulation - 
Fiberglass

0.02 -0.65
0.03 -0.54 +0.11
0.04 -0.46 +0.08
0.05 -0.40 +0.06
0.06 -0.36 +0.04
0.07 -0.32 +0.04
0.08 -0.29 +0.03
0.09 -0.27 +0.02
0.10 -0.25 +0.02
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Table 5. Simulation report of heat balance in various thickness (counted)

Insulation Thickness 
(m)

Heat balance 
(KW)

Change in Heat 
Balance (KW) Thickness and Heat balance diagram

Wall type 6 Insulation – 
Rock wool

0.02 -0.63
0.03 -0.52 +0.11
0.04 -0.44 +0.08
0.05 -0.34 +0.10
0.06 -0.34 +0.00
0.07 -0.31 +0.03
0.08 -0.28 +0.03
0.09 -0.25 +0.03
0.10 -0.23 +0.03

Wall type 7 Insulation - 
Silicon

0.02 -0.97
0.03 -0.92 +0.05
0.04 -0.87 +0.05
0.05 -0.82 +0.05
0.06 -0.78 +0.04
0.07 -0.75 +0.03
0.08 -0.71 +0.04
0.09 -0.68 +0.03
0.10 -0.66 +0.02

Wall type 8 Insulation – 
Fiberglass board

0.02 -0.66
0.03 -0.55 +0.11
0.04 -0.47 +0.08
0.05 -0.41 +0.06
0.06 -0.36 +0.05
0.07 -0.33 +0.03
0.08 -0.30 +0.03
0.09 -0.27 +0.03
0.10 -0.25 +0.02

Wall type 9 Insulation – 
Polyurethane foam

0.02 -0.70
0.03 -0.59 +0.11
0.04 -0.51 +0.08
0.05 -0.45 +0.06
0.06 -0.40 +0.05
0.07 -0.36 +0.04
0.08 -0.33 +0.03
0.09 -0.31 +0.02
0.10 -0.28 +0.03

Wall type 10 Insulation – Wood 
wool

0.02 -0.89
0.03 -0.81 +0.08
0.04 -0.74 +0.07
0.05 -0.68 +0.06
0.06 -0.64 +0.04
0.07 -0.59 +0.05
0.08 -0.56 +0.03
0.09 -0.52 +0.04
0.10 -0.50 +0.02
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be useful if it is defined within a limited range, and if the 
thickness increase happens outside of that range, it is not 
efficient. As it is clear, in Table 5, there is a column entitled 
“change in heat balance”, and it expresses the numerical 
rate of heat balance development in relation to insulation 
layer thickness increase. In accordance with these numer-
ical values, it would be possible to make a reasonable 
decision about the thickness of the insulation layer in the 
building wall to make efficiency achievable. As an eco-
nomic aspect, it should be considered that the increase in 
insulation layer thickness is not reasonable except within 
specific limits. 

Figures 29-38 express the improvement rate of the insu-
lation value of each wall type, which is expressed in Table 5. 
In a general view, each Figure contains one matrix and a lin-
ear diagram. The matrix categorized insulation layer thick-
ness and insulation layer improvement rate. The diagram 
presents the values of the matrix in two ranges. Range 1, 
which is colored purple, shows the suitable range of insula-
tion improvement based on the layer thickness. In another 
sense, increasing the insulation layer thickness in range 1 is 
efficient. On the other hand, range 2, which is colored red, 
shows an unsuitable range of insulation improvement. In 
another sense, the increase in insulation layer thickness is 
not efficient in this range.

Figure 29. Polystyrene – HFC Figure ratio.

Figure 31. Polyvinyl Chloride Figure ratio.

Figure 30. Polystyrene – CO2 Figure ratio.
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Figure 35. Silicon Figure ratio.

Figure 34. Rock wool Figure ratio.

Figure 33. Fiberglass Figure ratio.

Figure 32. Mineral Fiberglass Figure ratio.
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As it is obvious in Figure 29, range 1 shows the increase 
of polystyrene (HFC) thickness from 2 cm to 6 cm, which 
would grow the wall heat balance between 0.06 and 0.08 
units. On the other hand, in range 2, when the thickness 

increases from 7 cm to 10 cm, the heat balance would grow 
between 0.01 and 0.03 units. So, the increase in polystyrene 
(HFC) thickness is efficient between 2 cm and 6 cm, as 
range 1 is expressed in the diagram in Figure 29.

Figure 37. Polyurethane foam Figure ratio.

Figure 36. Fiberglass board Figure ratio.

Figure 38. Wood wool Figure ratio.



J Ther Eng, Vol. 12, No. 1, pp. 229−253, January, 2026248

As it is obvious in Figure 30, range 1 shows the increase 
of polystyrene (CO2) thickness from 2 cm to 6 cm, which 
would grow the wall heat balance between 0.04 and 0.08 
units. On the other hand, in range 2, when the thickness 
increases from 7 cm to 10 cm, the heat balance would grow 
between 0.02 and 0.04 units. So the increase in polystyrene 
(CO2) thickness is efficient between 2 cm and 6 cm, as 
range 1 is expressed in the diagram in Figure 30.

As it is obvious in Figure 31, range 1 shows the increase 
of polyvinyl chloride thickness from 2 cm to 6 cm, which 
would grow the wall heat balance to 0.06 units. On the 
other hand, in range 2, when the thickness increases from 
7 cm to 10 cm, the heat balance would grow to 0.04 units. 
So, the increase in polystyrene (CO2) thickness is efficient 
between 2 cm and 6 cm, as range 1 is expressed in the dia-
gram in Figure 31.

As it is obvious in Figure 32, range 1 shows the increase 
of mineral fiberglass thickness from 2 cm to 6 cm, which 
would grow the wall heat balance to 0.11 units. On the 
other hand, in range 2, when the thickness increases from 
7 cm to 10 cm, the heat balance would grow to 0.04 units. 
So, the increase in mineral fiberglass thickness is efficient 
between 2 cm and 6 cm, as range 1 is expressed in the dia-
gram in Figure 32

As it is obvious in Figure 33, range 1 shows the increase 
of fiberglass thickness from 2 cm to 6 cm, which would grow 
the wall heat balance to 0.11 units. On the other hand, in 
range 2, when the thickness increases from 7 cm to 10 cm, 
the heat balance would grow to 0.04 units. So the increase 

in fiberglass thickness is efficient between 2 cm and 6 cm, 
as range 1 is expressed in the diagram in Figure 33.

As it is obvious in Figure 34, range 1 shows the increase 
of rock wool thickness from 2 cm to 6 cm, which would 
grow the wall heat balance to 0.11 units. On the other hand, 
in range 2, when the thickness increases from 7 cm to 10 cm, 
the heat balance would grow to 0.04 units. So, the increase 
in rock wool thickness is efficient between 2 cm and 6 cm, 
as range 1 is expressed in the diagram in Figure 34.

As it is obvious in Figure 35, range 1 shows the increase 
of silicon thickness from 2 cm to 6 cm, which would grow 
the wall heat balance to 0.05 units. On the other hand, in 
range 2, when the thickness increases from 7 cm to 10 cm, 
the heat balance would grow to 0.04 units. So, the increase 
in silicon thickness is efficient between 2 cm and 6 cm, as 
range 1 is expressed in the diagram in Figure 35.

As it is obvious in Figure 36, range 1 shows the increase 
in fiberglass board thickness from 2 cm to 6 cm, which 
would grow the wall heat balance to 0.11 units. On the other 
hand, in range 2, when the thickness increases from 7 cm 
to 10 cm, the heat balance would grow to 0.03 units. So, the 
increase in fiberglass board thickness is efficient between 
2 cm and 6 cm, as range 1 is expressed in the diagram in 
Figure 36.
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As it is obvious in Figure 37, range 1 shows the increase 
of polyurethane foam thickness from 2 cm to 6 cm, which 
would grow the wall heat balance to 0.11 units. On the 
other hand, in range 2, when the thickness increases from 7 
cm to 10 cm, the heat balance would grow to 0.04 units. So, 
the increase of polyurethane foam board thickness is effi-
cient between 2 cm and 6 cm, as range 1 is expressed in the 
diagram in Figure 37.

As it is obvious in Figure 38, range 1 shows the increase 
of wood wool thickness from 2 cm to 6 cm, which would 
grow the wall heat balance to 0.11 units. On the other 
hand, in range 2, when the thickness increases from 7 cm 
to 10 cm, the heat balance would grow to 0.04 units. So, the 
increase in polyurethane foam board thickness is efficient 
between 2 cm, and 6 cm as range 1 is expressed in the dia-
gram in Figure 38.

Efficient Impacts of Insulation Development 
According to ten types of insulation layer simulation, 

each insulation type has its own efficient wall influence in 
a specific range, which is shown in Figures 29-38. These 
determined ranges introduce a framework that can be used 
as a tool by building designers and architects when they 
want to choose the suitable thermal insulation. 

Table 6 shows the proportions of insulation layer thick-
ness and heat balances as a framework. So in this way, build-
ing designers and architects can be able to choose the best 
possible insulation with regard to the project situation in 
Tehran and local insulation. In another sense, in a building 
project located in Tehran, a building designer who needed 
to design a wall detail would be able to make a decision 
about the wall insulation type and its thickness based on 
the information in Table 6 and the local insulation materi-
als. A considerable point that makes the difference in this 
research is efficiency. It means that in addition to paying 
attention to the type and thickness of the thermal insula-
tion, they can consider the efficiency of each material as an 
important economic factor.

As an example, if a building designer wanted to design 
the exterior wall detail of a building in Tehran and the local 
material was polystyrene and fiberglass, he would have five 
insulation types (polystyrene HFC, CO2, fiberglass, min-
eral fiberglass, and fiberglass board). In this way, he would 
be able to make a clear decision about insulation to have 
the best thickness and reduce waste thermal energy. Also, 
in this method, with regard to the numerical information, 
it would be possible to find out about the designed building 
heat balance. In another positive aspect, building design-
ers and architects can use the choices that have an efficient 
impact as insulation. 

Previous research analysis and discussion 
According to similar research in which the investigation 

analyzed the influence of wall insulation thickness in five 
cities in China, the heat transfer coefficient was expressed. 
Various thicknesses of polystyrene board, from 0 mm to 
100 mm, were analyzed. The research had achieved a table 
framework that explained the relationship between the 
thickness of the insulation layer and the cost of energy per 
square meter [28]. While the mentioned research has con-
ducted the study based on one type of insulation, this article 
has presented the methodology of the study by simulating 
a various number of insulation types that are used in the 
design of walls in Tehran, which is helpful for architects 
who work locally in Tehran.

Another study, which was conducted in 2023, made an 
analysis based on building envelope typology in Baghdad in 
accordance with two parameters that include window-to-
wall ratio and envelope insulation. The research concluded 
that the annual thermal load can have a considerable reduc-
tion of about 49% when it uses an insulation like a stone 
wall with a thickness of 5 cm [29]. So despite the closeness 
of the research path to the current research, the use of insu-
lation diversity in the presented research is significant.

In research published in the International Research 
Journal of Advanced Engineering and Science, the 
researcher analyzed the insulation thickness of a building 
wall to find out the most economical choice of insulation 
thickness. As a conclusion, the researcher found that the 
economic insulation thickness of the local insulation is 4.7 
cm in accordance with heating, cooling, and the annual 
energy requirement [30]. So it is obvious that finding the 
most economic thickness is important to developing effi-
ciency. While this point is made based on one insulation in 
the mentioned article, the current research categorizes the 
10 insulations, so it presents the insulation’s efficiency in a 
more precious method.

In key research that was done in 2021 in Turkey, 
researchers made an optimization analysis based on four 
different thermal insulation materials: glass wool, rock 
wool, extruded polystyrene, and expanded polystyrene. 
In the investigation, the researcher wanted to consider the 
heating degree-day method, energy saving costs, payback 
period, and CO2 emissions, and as a result of the study, 



J Ther Eng, Vol. 12, No. 1, pp. 229−253, January, 2026250

Table 6. Efficient range of insulation layer

Insulation Thickness (m) Heat balance (KW)
Wall type 1 Polystyrene - HFC 0.02 -0.64

0.03 -0.50
0.04 -0.42
0.05 -0.36
0.06 -0.30

Wall type 2 Polystyrene – CO2 0.02 -0.61
0.03 -0.53
0.04 -0.45
0.05 -0.39
0.06 -0.35

Wall type 3 Polyvinyl Chloride 0.02 -0.96
0.03 -0.90
0.04 -0.85
0.05 -0.80
0.06 -0.76

Wall type 4 Mineral Fiberglass 0.02 -0.70
0.03 -0.59
0.04 -0.52
0.05 -0.46
0.06 -0.41

Wall type 5 Fiberglass 0.02 -0.65
0.03 -0.54
0.04 -0.46
0.05 -0.40
0.06 -0.36

Wall type 6 Rock wool 0.02 -0.63
0.03 -0.52
0.04 -0.44
0.05 -0.34
0.06 -0.34

Wall type 7 Silicon 0.02 -0.97
0.03 -0.92
0.04 -0.87
0.05 -0.82
0.06 -0.78

Wall type 8 Fiberglass board 0.02 -0.66
0.03 -0.55
0.04 -0.47
0.05 -0.41
0.06 -0.36

Wall type 9 Polyurethane foam 0.02 -0.70
0.03 -0.59
0.04 -0.51
0.05 -0.45
0.06 -0.40

Wall type 10 Wood wool 0.02 -0.89
0.03 -0.81
0.04 -0.74
0.05 -0.68
0.06 -0.64
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a comparison was done to determine the worst and best 
insulation material and the best thickness variety of each 
insulation [31]. The mentioned research has taken a sim-
ilar approach to the current investigation, and it expresses 
the importance of various insulation simulations to find out 
more detail about the local situation, so it shows the impor-
tance of the current research in the city of Tehran.

The perspective of the thickness of the wall insulation 
layer can be considered based on the cost of the build-
ing life cycle, as research was conducted in 2020, and the 
investigator objective was to determine the optimum insu-
lation thickness of residential buildings in Turkey with an 
approach to knowing the relation between insulation thick-
ness and building life cycle cost [32]. Therefore, the present 
research will be the first step on the path that will determine 
the possibility of investigating the relationship between the 
thickness of various types of thermal insulation layers in 
buildings used in Tehran, and so the life cycle costs of the 
buildings in this city could be expressed as a future key 
topic about the city of Tehran.

Another study, done in 2010, expressed an analysis of 
insulation layer efficiency thickness in four different cli-
mates in Turkey. The researcher concluded that the opti-
mum insulation thickness at indoor temperatures of 18 
and 22 °C was determined to be 0.0663 and 0.0816 meters, 
respectively [33]. So as a difference, although the mentioned 
research concentrated on the various climates, the current 
research concentrates on the variety of insulations in one 
region, and it is considerable that it could be the basis of 
future research on the same topic in another climate in Iran. 

CONCLUSION 

According to the consumption of thermal energy in 
buildings, considering related components of buildings 
could play an important role in reducing thermal loss. As a 
numerical point of view, this issue is more than 40% in Iran. 
Lack of enough numerical determination in Iran’s big cit-
ies like Tehran could have a negative impact on the energy 
usage of this country, and this numerical perspective is 
counted as a research gap in related investigations.

Findings
Based on the mentioned issue, this research makes an 

attempt to establish a numerical framework in building 
walls—an important component of buildings—with an 
approach to assessing local insulation layers that are used 
in Tehran’s building wall typology, and it aims to develop 
a quantitative framework that helps local architects and 
building designers choose the best insulation material in 
their design process in both energy loss prevention and 
economic efficiency material aspects. In another mean-
ing, when there is a quantitative framework (Table 5-6 and 
Figs. 29-38), architects who design the building’s first phase 
could use the details of insulation materials in various 
ranges (both type and thickness) in their design, and in this 

way they will be able to consider wall insulation properties 
in their project. In the investigation, the reviewed literature 
was categorized into three parts, including building ther-
mal transmittance, the significance of layer optimization 
in wall construction, and the development of simulation 
models for thermal analysis. The methodology is a simu-
lation-based method that uses the most common Tehran 
residential building wall typology as the specific case. The 
procedure of simulation shapes based on the ten types of 
local insulation that Figured the typological wall. Finally, 
the simulation is done with Design Builder software as the 
main tool, and the results are established.

The results are extracted and each wall configuration is 
assessed based on its insulation properties.

The key highlights of the research are:
-	 The most efficient insulation materials that develop the 

thermal efficiency of building walls are fiberglass, fiber-
glass board, mineral fiberglass, rock wool, polyurethane, 
and wood wool, which develop the change in heat bal-
ance of 0.11 kilowatts with a thickness of 3 centimeters. 
In accordance with the various choices, architects and 
building designers in Tehran could be able to choose the 
one with the best price and accessibility to the local area.

-	 The second group of thermal insulation materials is 
polystyrene (Co2), polystyrene (HFC), and polyvinyl 
chloride, whose change in change in heat balance equals 
0.08 and 0.06 kilowatts with a thickness of 3 centimeters.

-	 The insulation material whose Figure rate’s develop-
ment is not efficient is silicon, whose development is 
0.05 kilowatts with a thickness of 3 centimeters.

Research Novelty Points
According to the research process and the results, the 

novelty points of this research are expressed as following:
-	 Region-spesific framewok: It provides a quantitative 

framework with regard to climate and construction in 
Tehran; it thus furnishes real and appropriate guidelines 
for architects and designers locally.

-	 Local material examination: The simulation involves 
insulation materials available locally, so that the find-
ings are applicable to the real situation in a building 
practice context in Tehran.

-	 Detailed insulation efficiency analysis: Measuring 
Insulation Effectiveness: This measures the association 
between insulation thickness and thermal performance.

-	 Filling of research gap: Evidence of Relevance: It 
addresses the need for numerical assessment of insula-
tion materials in the Iranian context.

Study Potentials and Limitations 
•	 The key potentials
-	 Adaptation to other climate zones: While this research 

focused on Tehran, the framework can be adapted to 
other Iranian cities with diverse climatic conditions. 
The findings could be used as a foundation for fur-
ther research to assess the effectiveness of insulation 
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in varying climate zones across the country, offer-
ing tailored solutions to reduce energy consumption 
nationwide.

-	 Various insulation materials: Variety of insulations: In 
this analysis ten insulation materials were studied, and 
the variety of insulations could still be further devel-
oped from local materials in other Iranian cities.

-	 Building typology constraints: This analysis was lim-
ited to known building typologies in Tehran which may 
lessen the relevance to unknown or modern build-
ing typologies. Future studies would include a wider 
building typology in order to leverage a range of design 
conditions and increase the generalizability of the insu-
lation framework.

-	 Integration with renewable energy systems: Systems 
such as renewable energy. Future studies could learn 
from this insulating framework in order to develop 
designs which are more sustainable (e.g. compatibil-
ity with renewable energy systems (solar energy). The 
combined synergies for thermal insulation in space, in 
addition to energy producing sources could lessen the 
combined impact for the environment in buildings.

Limitations
-	 Experimental Examination: According to the limita-

tion of experimental services related to materials test-
ing, do a reasonable comparison between theoretical 
findings and practical findings. This could be an effec-
tive point that impacts the credit of results.
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