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Cycle Assessment
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Department of Civil Engineering, East Tehran Branch, Islamic Azad University, Tehran, 1477893855, Iran

ABSTRACT
In pursuit of environmental sustainability in the construction sector, this study employs a comprehensive life cycle 

assessment (LCA) approach to evaluate the environmental impact of widely used building materials in Iran, with a 
particular focus on energy consumption and carbon footprint. The investigation encompasses 22 widely used building 
materials, utilizing the Ecoinvent v3 database and Simapro8 software to assess critical environmental variables, 
including carbon dioxide (CO2) emission, required primary energy, water consumption, and thermal conductivity. The 
findings unveil the diverse environmental profiles of these materials, with thermal conductivity typically hovering 
around zero to 2 W/m.K for most, but with exceptions such as lime, aluminum, rebar, and steel exhibiting significantly 
higher values. Moreover, aluminum, ceramics, PVC pipe, and expanded polystyrene (EPS) foam are identified as 
higher energy consumers during their life cycle, in contrast to concrete and cement mortar characterized by lower 
primary energy demands. The materials identified as high-carbon building materials are steel, stone, plaster, rebar, 
bitumen, concrete, glass, cement, gravel, and EPS foam. On the other hand, the materials identified as low-carbon 
building materials are masonry blocks, wood, tiles, bricks, drywall, MDF, and cement mortar. This research provides 
valuable insights for material selection and sustainable construction practices, emphasizing low-carbon materials 
to reduce environmental impact and contribute to the global effort to mitigate climate change through responsible 
construction choices.
Keywords: Environmental assessment; Low carbon materials; Carbon footprint; Building materials; Life cycle 
assessment; Energy consumption
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1. Introduction
Global warming, a pressing issue, necessitates 

the exploration of various avenues to curb green-
house gas emissions, including architectural prac-
tices, technology, and renewable energy adoption [1].  
Iran’s energy consumption exceeds the global av-
erage by a staggering four to fivefold, partly due to 
inexpensive fuel and subsidies, ranking it among 
the top contributors to carbon emissions [2-5]. The 
construction industry is a major source, responsi-
ble for over 35 percent of global emissions during 
the life cycle of structures [6], significantly impact-
ing energy consumption and the environment [7,8].  
Buildings represent nearly 40% of primary energy use 
and about 70% of electricity, a trend that continues 
with rapid population growth and construction [9]. No-
tably, urban carbon emissions primarily originate from 
buildings and transportation [7,10,11].

Understanding and mitigating the carbon footprint 
is vital for environmental and energy research [12,13].  
Eco-conscious management can reduce this foot-
print, fostering environmental sustainability [14]. 
Essentially, green management embodies the envi-
ronmental performance of organizations and com-
panies, orienting their operations towards reduced 
energy consumption, efficient water use, and optimal 
resource utilization [15]. Low carbon architecture, 
with net-zero energy consumption and no annual 
carbon emissions, relies on on-site energy generation 
and energy-efficient systems [16,17]. Environmental 
building materials are key in enhancing construction 
value and minimizing energy-related impacts [18]. 
The entire life cycle of materials, from production to 
demolition, affects energy consumption, greenhouse 
gas emissions, and global warming potential [19]. Life 
cycle assessment (LCA) systematically evaluates 
material and energy flows within a system.

Selecting sustainable materials and designs is 
crucial to reducing a project’s carbon footprint [20]. 
As the global population grows and energy demand 
rises, particularly in the building sector, assessing 
thermal and cooling loads is vital in the design pro-
cess [21].

The choice to investigate building materials in 
the Iranian context is particularly pertinent due to the 
country’s unique energy consumption patterns and 
construction practices. Iran’s distinct characteristics, 

such as its soaring energy consumption rates, dispro-
portionate per capita energy use, and the influence 
of government subsidies, make it a compelling case 
study. Additionally, Iran’s construction practices, 
which may differ from more developed economies, 
offer insights into optimizing environmental perfor-
mance in rapidly growing regions. Therefore, this 
research seeks to bridge the knowledge gap and of-
fer valuable insights applicable not only to Iran but 
also to similar contexts worldwide, where economic, 
political, and industrial factors intersect in shaping 
energy consumption and construction practices.

The present research aims to study the environ-
mental impacts of building materials in Iran using 
life cycle assessment. This study investigates and 
categorizes the most widely used building materials 
in terms of thermal conductivity, required primary 
energy, carbon footprint, and required water. The 
research outcomes have the potential to promote 
low-carbon materials in residential construction, 
contributing to environmentally sustainable green 
buildings.

2. Literature review
In 2014, Solís-Guzmán conducted a study exam-

ining the carbon footprint associated with residential 
building construction in Spain [22]. In this research, 
a novel approach was introduced for evaluating the 
product life cycle to quantify the carbon footprint, 
allowing for the measurement of greenhouse gas 
emissions stemming from construction projects. This 
methodology involves the computation of carbon 
footprint about resource utilization and waste gener-
ation. Following the adoption of this approach, indi-
vidual elements, such as water, energy, food, trans-
portation, construction materials, and waste, were 
scrutinized separately. The findings underscored the 
substantial impact of construction materials on car-
bon emissions, while other contributors to the carbon 
footprint included machinery, electricity, and food.

Similarly, Zhao et al. investigated the carbon 
footprint of industrial sites across various regions of 
China, leveraging energy consumption data [23]. Ini-
tially, they devised a model to estimate carbon emis-
sions resulting from fossil fuel usage in different 
Chinese regions, subsequently assessing greenhouse 
gas emissions through ecological footprint indica-
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tors. Their research revealed that the cumulative 
carbon emissions attributable to fossil fuels and en-
ergy consumption within residential and commercial 
zones accounted for a striking 89.12% of the total 
carbon emissions.

Sinha et al. conducted an assessment of the en-
vironmental impact of building structures [24]. Their 
research approach involved a comparative analysis 
between the environmental footprint estimations de-
rived from the simplified Environmental Load Profile 
of Building Structures (ELP-s) and those generated 
using commercially available Life Cycle Assessment 
(LCA) software, GaBi and SimaPro. The study fo-
cused on two reference buildings constructed from 
concrete and wood, with a particular emphasis on 
material selection and the simplification of the ana-
lytical tool. The study findings revealed that wood 
products consumed more energy when compared 
to other materials employed in the construction of 
wooden buildings. Notably, materials such as Gulam, 
plasterboard, stone wool, and transportation exhib-
ited considerably larger carbon footprints than other 
elements utilized in constructing wooden buildings.

Pawar et al. conducted a study on the utilization of 
Phase Change Materials (PCMs) to enhance the en-
ergy efficiency of buildings, particularly by integrat-
ing PCMs into building materials such as bricks [25].  
PCMs, characterized by their high density and iso-
thermal properties during phase change, offer prom-
ising potential for energy conservation. The research 
involved experiments with three-chamber types 
using normal, grooved, and PCM-treated grooved 
bricks. Results indicated that PCM-treated grooved 
bricks significantly improved heat retention within 
buildings during hot summer conditions, highlight-
ing the efficacy of PCM-infused building materials 
in boosting energy efficiency.

Ghanbari et al. delved into the environmental 
ramifications, specifically energy consumption and 
CO2 emissions, associated with the production of 
natural and recycled aggregates through the appli-
cation of Life Cycle Assessment (LCA) [26]. The re-
search outcomes highlighted a noteworthy reduction 
of 30% and 36% in annual energy consumption and 
carbon dioxide emissions in Iran when recycled and 
natural aggregates were employed in construction, as 
opposed to solely relying on natural aggregates.

Sizirici et al. conducted a comprehensive review 
of strategies aimed at reducing the carbon footprint 
within the construction industry, encompassing phas-
es from design to operation [27]. They identified a 
range of techniques and systems for carbon reduction 
and found that the mining and manufacturing of ma-
terials and chemicals were responsible for substan-
tial energy consumption, contributing to a staggering 
90% of the total CO2 emissions. Importantly, the 
study underscored the potential for significant envi-
ronmental benefits through fundamental alterations 
in the production of construction materials, the recy-
cling of construction waste, and the incorporation of 
alternative additives in building materials.

Sudarsan et al. conducted an investigation 
centered on sustainable building materials to pro-
mote carbon neutrality in India [6]. They argue that 
eco-friendly materials serve as effective alternatives 
to facilitate carbon neutrality. In an effort to mitigate 
embodied carbon emissions, they proposed an alter-
native approach involving the utilization of sustaina-
ble materials such as Ferrock and recycled steel.

Ranjetha et al. explored the utilization of low-car-
bon products to enhance construction sustainabil-
ity [28]. They advocate for achieving sustainability 
through the incorporation of locally available waste 
or industrial by-products as either partial or com-
plete replacements for conventional materials. Their 
assessment encompassed the construction system 
and the application of sustainable building materials 
within the context of the Low-Cost Model House & 
Geopolymer Concrete House, highlighting the ad-
vantages in terms of environmental impact, econom-
ic considerations, and social aspects. Overall, their 
findings indicate that the adoption of green technol-
ogy and the integration of waste by-products into 
concrete confers numerous benefits.

In contemporary construction projects, the adop-
tion of Building Information Modeling (BIM) has 
gained significant popularity. BIM is employed for 
designing and executing optimal and sustainable 
construction projects, thereby increasing produc-
tion efficiency, infrastructure stability, and quality, 
and reducing recycling costs and repetitive tasks 
within the construction sector [28]. In Iran, numerous 
stakeholders in the construction industry are active-
ly investigating the impact of BIM on cost control 
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and reduction, ultimately aiming to enhance the 
cost-benefit ratio in their construction endeavors [30,31]. 
BIM represents a comprehensive collaborative ap-
proach within the construction sector, and despite its 
relatively short history, it has experienced substantial 
growth over the past decade, primarily attributable 
to its capabilities in construction projects. BIM func-
tions as a common language that unifies all project 
stakeholders and system divisions, fostering a har-
monized project team [32,33].

However, it is worth noting that, despite the glob-
al importance of Building Information Modeling and 
its associated training, this emerging trend, particu-
larly the aspect of training, has been somewhat over-
looked in Iran [34].

Table 1 provides a subjective comparison between 
the present study and superior published papers to 
highlight the distinct features, methodologies, and 
contributions of the present research about existing 
literature.

Table 1. Comparative analysis of current study and superior published papers.

Criteria The present study [6] [18] [21]

Drivers
Environmental 
sustainability in 
construction sector

Emphasizes the importance 
of sustainable building 
materials for carbon 
neutrality in the Indian 
scenario.

Identifies the exponential 
increase in technological 
development and human 
population as drivers for 
environmental concerns.

Addresses global issues 
of energy availability and 
environmental threats, 
emphasizing the need for 
companies to reduce waste, 
energy consumption, and 
emissions.

Limitations
Iran’s unique energy 
consumption patterns, 
construction practices

Discusses limitations of the 
study, such as the challenge 
of obtaining accurate data 
and the complexity of the 
construction industry.

Identifies limitations, 
including the complexity 
of LCA and the challenges 
in its implementation, 
especially in the early stages 
of product development.

Acknowledges the 
quantitative differences in 
values obtained from different 
databases and emphasizes 
the focus on decision-making 
path rather than absolute 
numerical differences.

Problem 
statement

Mitigating carbon 
emissions in urban 
areas, sustainable 
construction materials

Focuses on promoting 
carbon neutrality in the 
Indian construction scenario 
through sustainable building 
materials.

Discusses the importance 
of sustainable production 
and materials selection 
in eco-friendly product 
development.

Highlights the challenges in 
early environmental impact 
assessment during material 
selection and proposes the 
EcoAudit tool as a solution.

Methodology 
tools

Life Cycle Assessment 
(LCA) using 
Simapro8 software, 
Ecoinvent v3 database

Not explicitly discussed in 
the provided context.

Utilizes Life Cycle 
Assessment (LCA) 
methodology and the 
EcoAudit tool for 
environmental impact 
assessment.

Uses a comparative validation 
method based on eight 
published LCA evaluations, 
employing the EcoAudit 
tool for early environmental 
impact assessment.

Technical 
evaluation 
parameters

Thermal conductivity, 
required primary 
energy, carbon dioxide 
emissions, water 
consumption

Not explicitly discussed in 
the provided context.

Discusses embodied energy 
and carbon footprint as key 
indicators for environmental 
impact assessment.

Introduces embodied energy 
and carbon footprint as 
metrics for pre-assessing 
environmental impact in the 
conceptual stage of product 
development.

New 
contribution

Comprehensive 
assessment of 22 
building materials in 
the Iranian context

Emphasizes the importance 
of sustainable materials 
for carbon neutrality in the 
Indian construction context.

Highlights the significance 
of using dedicated 
software for pre-assessing 
environmental impact in the 
conceptual stage of product 
development.

Introduces the EcoAudit tool 
as a simplified approach for 
early environmental impact 
assessment, contributing to 
faster and reliable information 
during material selection.
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3. Materials and method

3.1 Life cycle assessment approach

Life Cycle Assessment (LCA) stands as a stand-
ardized and widely accepted method for the envi-
ronmental evaluation of processes, products, and 
services. It constitutes the third element of a compre-
hensive sustainability assessment, following techni-
cal and economic evaluations [35,36].

By ISO 14040 and ISO 14044 standards, Life 
Cycle Assessment unfolds through four distinct 
stages [35]: 1) defining the goal and scope, 2) in-
ventory analysis, 3) impact assessment, and 4) in-
terpretation.

The categorization of life cycle assessment into 
four distinct types, namely: 1) cradle to grave, 2) 
cradle to gate, 3) gate to gate, and 4) cradle to cradle, 
hinges upon the specific purpose and scope of the 
study. These classifications differ primarily in their 
selection of the system boundaries applied [35].

During the initial stage of defining goals and 
scope, the products and processes subject to eval-
uation are initially identified. Subsequently, the 
functional unit is chosen, and the requisite level of 
assessment is established.

In a comprehensive and idealized life cycle as-
sessment, often referred to as “cradle to grave”, the 
life stages of building systems typically encompass 
the following sequence: raw material extraction, ma-
terial production, construction activities, operational 
use, and end-of-life considerations. However, it’s 
essential to note that this study primarily focuses on 
comparing energy consumption and carbon dioxide 
production associated with various building materi-
als, with specific attention to materials used in con-
struction. As a result, the research scope is specifi-
cally limited to the stages of raw material extraction, 
material production, and construction operations.

3.2 Widely used building materials

The initial pivotal step in the execution of this re-
search involves the selection and ranking of the most 
commonly employed construction materials in Iran 

for environmental assessment. To achieve a com-
prehensive compilation and identification of these 
crucial construction materials, two distinct approach-
es may be considered. The first approach hinges on 
the guidance outlined in section 5 of Iran’s Office 
of National Building Regulations, which pertains to 
construction materials and products [37]. The second 
approach relies on the classification of prevalent and 
extensively utilized materials within the domains of 
architecture, structural engineering, and building in-
frastructure in Iran.

Based on the combined insights derived from the 
two aforementioned sources as acknowledged by 
the author of the present study, a comprehensive list 
comprising the 22 most used building materials in 
Iran is presented in Table 2.

Table 2. The 22 most widely used building materials in Iran.

No. Material No. Material
1 Steel 12 Cement mortar
2 Concrete 13 Rebar
3 Glass 14 Plaster
4 Wood 15 Stone
5 Brick 16 Masonry block
6 Cement 17 Gravel
7 Ceramics 18 Sand
8 Tile 19 Drywall (Gypsum board)
9 Aluminum 20 Expanded Polystyrene (EPS) foam
10 PVC pipe 21 Bitumen
11 Lime 22 Medium-density fibreboard (MDF)

3.3 Data analysis method

In the Simapro software, the calculation of pri-
mary energy is based on the Cumulative Energy 
Demand (CED) method, wherein the total demand 
is assessed as primary energy. This software also 
computes the greenhouse effect attributed to CO2 
emissions resulting from human activities, quantify-
ing them in terms of their Global Warming Potential 
(GWP). For this specific study, the GWP index has 
been evaluated in alignment with the characteristic 
factors outlined by the IPCC (International Panel 
on Climate Change) for the year 2023, considering 
a time horizon of 100 years. Within the context of 
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Iran’s construction sector, water consumption emerg-
es as a crucial concern. The chosen indicator for 
this study encompasses all fresh water sourced from 
various origins (rivers, lakes, oceans, and wells), en-
compassing water employed for cooling processes.

In the present research, the selected functional 
unit corresponds to one kilogram of construction 
materials, with a comprehensive analysis of various 
stages, including material production at the factory, 
transportation from the factory to the construction 
site, the construction process, demolition of the 
building, and final product disposal. During the con-
struction phase, detailed examination encompasses 
aspects such as raw material procurement, transpor-
tation, and construction processes. To calculate the 
energy consumption of materials, the data related to 
the latent energy of the material unit, transportation 
energy, which includes the fuel consumption of ma-
chines; and also the energy of building construction 
is given to the software to evaluate the total energy 
consumption. In terms of material transportation 
from the factory to the construction site, the study 
accounts for the use of 20-28 ton trucks, considering 
an average travel distance of 100 kilometers.

Table 3 displays the values employed to assess 
the impact of transporting one ton of material via dif-
ferent modes of transportation, represented through 
a linear correlation (Equation 1). Here, “di” signifies 
the distance covered by each mode of transport (in 
kilometers), while “mi” denotes the coefficients as-
signed to each mode of transportation.

Table 3. Impact coefficients for the transportation stage of one 
ton of materials from the factory to the building construction 
site.

Variable
By 
truck 
(m1)

By 
rail 
(m2)

By 
ship 
(m3)

Required primary energy (Mj-Eq/km) 3.266 0.751 0.17

Global warming potential (kg CO2-Eq/km) 0.193 0.039 0.011

Required water (l/km) 1.466 1.115 0.097
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As illustrated in Equation (1), the software undertakes an analysis of transportation

impact by considering a combination of three transportation modes: truck, rail, and ship, with a
standardized distance of 100 kilometers. The calculated density for each material is expressed in
kilograms per cubic meter.

The calculation of thermal conductivity for materials, denoted in W/m.K, is determined
using Equation (2). In this equation, “K” represents the thermal conductivity constant, “t2” and
“t1” denote the temperature disparities on either side of the material, and “L” signifies the
thickness or distance.
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

(2)

The unit for required primary energy is Mj-Eq/kg, carbon dioxide emissions are
measured in kg CO2-Eq/kg, and water consumption is quantified in liters per kilogram.

4. Results and discussion
Table 4 presents the computed values for thermal conductivity, required primary energy,

global warming potential (expressed as carbon dioxide emission rate), and water consumption
associated with each building material. These values have been derived from an analysis
conducted using the Simapro software and are based on data sourced from Ecoinvent.

Table 4. Life cycle environmental assessment for widely used building materials.

No. Material Density
(kg/m3)

Thermal
conductivity
(W/m.K)

Required
primary energy
(Mj-Eq/kg)

Carbon
dioxide (kg
CO2-Eq/kg)

Required
water
(l/kg)

1 Brick 1800 0.95 3.56 0.27 1.89
2 Sand 1020 0.29 6.27 0.09 1.42
3 Masonry block 1530 0.70 2.18 0.12 2.05
4 Gravel 30 0.04 15.65 0.82 14.45
5 Tile 2100 1.50 2.20 0.29 3.01

6 Drywall (Gypsum
board) 2380 1.65 2.66 0.27 4.10

7 Bitumen 1800 0.50 11.54 1.39 20.37
8 Cement 3150 1.40 4.24 0.86 3.94
9 Cement mortar 1525 0.70 2.17 0.24 3.94
10 Concrete 2380 1.65 1.11 1.14 3.01
11 Stone 60 0.04 26.39 1.51 32.38
12 Wood 600 0.13 21.00 0.20 5.12
13 Ceramics 2000 1.00 105.49 7.34 39.73
14 Plaster 60 0.04 26.39 1.51 32.38

15 Expanded Polystyrene
(EPS) foam 150 0.05 51.52 0.81 30.34
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conductivity, such as sand and gravel, have loosely 
packed, insulating compositions that impede heat 
flow. These inherent characteristics dictate a ma-
terial’s performance in terms of energy efficiency, 
making it crucial to consider thermal conductivity 
when selecting materials for construction to achieve 
desired environmental and energy-related outcomes.

Figure 2 reveals that aluminum boasts the highest 
demand for primary energy throughout its life cycle, 
followed by ceramics and PVC pipe. Conversely, 
concrete and cement mortar exhibit the lowest re-
quired primary energy. Materials like concrete and 
cement mortar require lower primary energy due 

to their abundant availability and energy-efficient 
production processes. Conversely, aluminum, ceram-
ics, and PVC pipe demand higher primary energy, 
largely because of the energy-intensive extraction, 
processing, and manufacturing involved in their pro-
duction.

Figure 3 provides insights into the carbon diox-
ide emission associated with various building mate-
rials. Notably, aluminum emerges as the most signif-
icant contributor to CO2 emission within the realm of 
building materials. Following closely are ceramics, 
PVC pipe, and lime, all occupying subsequent ranks. 
Moreover, materials such as steel, stone, plaster, 

Table 4. Life cycle environmental assessment for widely used building materials.

No. Material Density (kg/m3) Thermal conductivity 
(W/m.K)

Required primary 
energy (Mj-Eq/kg)

Carbon dioxide 
(kg CO2-Eq/kg)

Required water 
(l/kg)

1 Brick 1800 0.95 3.56 0.27 1.89
2 Sand 1020 0.29 6.27 0.09 1.42

3 Masonry 
block 1530 0.70 2.18 0.12 2.05

4 Gravel 30 0.04 15.65 0.82 14.45
5 Tile 2100 1.50 2.20 0.29 3.01

6
Drywall 
(Gypsum 
board)

2380 1.65 2.66 0.27 4.10

7 Bitumen 1800 0.50 11.54 1.39 20.37
8 Cement 3150 1.40 4.24 0.86 3.94

9 Cement 
mortar 1525 0.70 2.17 0.24 3.94

10 Concrete 2380 1.65 1.11 1.14 3.01
11 Stone 60 0.04 26.39 1.51 32.38
12 Wood 600 0.13 21.00 0.20 5.12
13 Ceramics 2000 1.00 105.49 7.34 39.73
14 Plaster 60 0.04 26.39 1.51 32.38

15
Expanded 
Polystyrene 
(EPS) foam

150 0.05 51.52 0.81 30.34

16

Medium-
density 
fibreboard 
(MDF)

600 0.13 18.40 0.27 5.12

17 Rebar 6500 60.00 22.34 1.43 24.19
18 Steel 7900 50.00 24.34 1.53 26.15
19 Aluminum 2700 239.00 136.80 8.57 214.34
20 PVC pipe 1400 0.17 73.21 4.27 512.00
21 Glass 2500 0.95 15.51 1.14 16.54
22 Lime 8920 380.00 35.59 2.00 77.79
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rebar, bitumen, concrete, glass, cement, gravel, and 
EPS foam fall into the category of high-carbon build-
ing materials. Conversely, after sand, which exhibits 
minimal CO2 emission, masonry blocks and wood 
belong to the classification of low-carbon building 
materials. Materials like tiles, bricks, drywall, MDF, 
and cement mortar also qualify as low-carbon build-
ing materials.

0
50

100
150
200
250
300
350
400

Li
m

e
A

lu
m

in
um

R
eb

ar
St

ee
l

C
on

cr
et

e
D

ry
w

al
l

Ti
le

C
em

en
t

C
er

am
ic

s
G

la
ss

B
ric

k
C

em
en

t m
or

ta
r

M
as

on
ry

 b
lo

ck
B

itu
m

en
Sa

nd
PV

C
 p

ip
e

M
D

F
W

oo
d

EP
S 

fo
am

St
on

e
Pl

as
te

r
G

ra
ve

l

Thermal conductivity (W/m.K)

Figure 1. Comparison of thermal conductivity of widely used 
building materials.
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Figure 2. Comparative assessment of required primary energy 
across widely used building materials.

High-carbon materials like aluminum, ceramics, 
and PVC pipe often involve energy-intensive ex-
traction and manufacturing processes, contributing 
significantly to their carbon emissions. In contrast, 
low-carbon materials like sand, masonry block, and 
wood have more environmentally favorable charac-
teristics, such as lower energy consumption during 
production.

Figure 4 depicts the comparative evaluation of 
water consumption during the life cycle of these 
building materials. Notably, PVC pipe, aluminum, 
and lime exhibit the highest water consumption lev-
els, while sand and brick demonstrate the lowest wa-
ter usage. Materials like sand and brick have lower 

water consumption due to their natural composition 
and simpler production methods. In contrast, materi-
als like aluminum, PVC pipe, and lime require more 
water as their production processes, which often 
involve mining, refining, or chemical treatments, are 
inherently water-intensive.
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Figure 3. Ranking of widely used building materials in terms of 
carbon dioxide emissions.
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Figure 4. Comparison of widely used construction materials in 
terms of required water.

5. Conclusions
Recent years have witnessed a growing empha-

sis on mitigating carbon emissions in urban areas 
as part of the broader environmental sustainability 
agenda. Sustainable construction materials, known 
for their low carbon footprint, not only enhance the 
value of construction projects but also mitigate their 
environmental repercussions. Throughout the entire 
life cycle, from production to disposal, construction 
materials exert substantial environmental impacts, 
and the choice of construction methods significantly 
influences energy consumption and greenhouse gas 
(GHG) emissions.

The present study delved into the environmental 
assessment of commonly used building materials in 
Iran, employing the life cycle assessment method-
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ology. The environmental evaluation relied on data 
from the Ecoinvent v3 database within the Simapro8 
software. The key environmental variables scruti-
nized encompassed: 1) carbon dioxide emission, 
2) required primary energy, 3) water consumption 
throughout the life cycle, and 4) thermal conductiv-
ity. The investigation encompassed 22 frequently 
employed construction materials in Iran, enabling a 
comparative analysis of these environmental factors.

The environmental assessment unveiled that, for 
most widely used building materials, thermal con-
ductivity typically hovers around zero or falls within 
the range of zero to 2 W/mK. However, four mate-
rials namely lime, aluminum, rebar, and steel, have 
emerged as exceptions, displaying the highest ther-
mal conductivity values. Consequently, material se-
lection, particularly for external layers of buildings, 
warrants careful consideration. In terms of required 
primary energy during their life cycle, aluminum, 
ceramics, PVC pipe, and expanded polystyrene (EPS) 
foam proved to be more energy-intensive compared 
to their counterparts. Conversely, concrete and ce-
ment mortar have been associated with the least re-
quired primary energy.

Environmental analysis categorized materials 
into low-carbon and high-carbon categories, with 
low-carbon materials encompassing sand, masonry 
block, wood, cement mortar, medium-density fiber-
board (MDF), drywall (gypsum board), brick, tile, 
expanded polystyrene (EPS) foam, gravel, cement, 
glass, concrete, bitumen, rebar, plaster, stone, steel, 
lime, PVC pipe, ceramics, and aluminum. The car-
bon neutrality of wood can be attributed to its or-
ganic matter content, while sand’s low greenhouse 
effect is linked to its organic constituents. Notably, 
concrete and steel emerged as relatively high-carbon 
materials. Additionally, it was observed that PVC 
pipe, aluminum, and lime exhibit the highest water 
consumption throughout their life cycle, while sand 
and brick materials display the lowest water con-
sumption.

The findings provide builders, policymakers, and 
stakeholders with valuable insights to make more 
sustainable choices. Builders can prioritize low-car-

bon materials like wood, sand, and masonry block, 
and implement energy-efficient construction prac-
tices. Policymakers should consider incentivizing 
the use of such materials through regulations and 
incentives, promoting sustainable building practices. 
Stakeholders can advocate for the adoption of envi-
ronmentally friendly construction materials and prac-
tices. Additionally, it is recommended to establish 
policies that encourage research and development in 
sustainable construction materials and methodolo-
gies, fostering innovation in the industry. For future 
research, investigators can delve into the specific 
environmental and economic implications of these 
materials in Iranian construction projects, as well 
as explore advanced technologies and alternative 
materials that align with low-carbon objectives. Fur-
thermore, investigating the integration of low-carbon 
materials in larger infrastructure projects and assess-
ing their long-term performance could yield valuable 
insights for the industry.

Conflict of Interest
There is no conflict of interest.

References
[1] Chiesa, T., Gautam, A., 2009. Towards a Low 

Carbon Travel & Tourism Sector [Internet]. 
Available from:http://www.indiaenvironment-
portal.org.in/files/LowCarbonTravelTourism.pdf

[2] Yazdan, G.F., Behzad, V., Shiva, M., 2012. En-
ergy consumption in Iran: Past trends and future 
directions. Procedia-Social and Behavioral Sci-
ences. 62, 12-17.

 DOI: https://doi.org/10.1016/j.sbspro.2012.09.004
[3] Solaymani, S., 2021. A review on energy and 

renewable energy policies in Iran. Sustainability. 
13(13), 7328.

 DOI: https://doi.org/10.3390/su13137328
[4] Farajzadeh, Z., 2018. Emissions tax in Iran: In-

corporating pollution disutility in a welfare anal-
ysis. Journal of Cleaner Production. 186, 618-
631.

 DOI: https://doi.org/10.1016/j.jclepro.2018.03.093

http://www.indiaenvironmentportal.org.in/files/LowCarbonTravelTourism.pdf
http://www.indiaenvironmentportal.org.in/files/LowCarbonTravelTourism.pdf
https://doi.org/10.1016/j.sbspro.2012.09.004
https://doi.org/10.3390/su13137328
https://doi.org/10.1016/j.jclepro.2018.03.093


20

Journal of Architectural Environment & Structural Engineering Research | Volume 06 | Issue 04 | October 2023

[5] Mansouri Daneshvar, M.R., Ebrahimi, M., Ne-
jadsoleymani, H., 2019. An overview of climate 
change in Iran: Facts and statistics. Environmen-
tal Systems Research. 8(1), 1-10.

 DOI: https://doi.org/10.1186/s40068-019-0135-3
[6] Sudarsan, J.S., Vaishampayan, S., Parija, P., 

2022. Making a case for sustainable building 
materials to promote carbon neutrality in Indian 
scenario. Clean Technologies and Environmen-
tal Policy. 1-9.

 DOI: https://doi.org/10.1007/s10098-021-02251-4
[7] Aldhshan, S.R., Abdul Maulud, K.N., Wan 

Mohd Jaafar, W.S., et al., 2021. Energy con-
sumption and spatial assessment of renewable 
energy penetration and building energy efficien-
cy in Malaysia: A review. Sustainability. 13(16), 
9244.

 DOI: https://doi.org/10.3390/su13169244
[8] González-Torres, M., Pérez-Lombard, L., Cor-

onel, J.F., et al., 2022. A review on buildings 
energy information: Trends, end-uses, fuels and 
drivers. Energy Reports. 8, 626-637.

 DOI: https://doi.org/10.1016/j.egyr.2021.11.280
[9] Malachya, J., Apostolakisb, A., 2012. Analys-

ing Innovative Energy-efficient Technology 
Adoptions in Israeli Non-residential Buildings 
within Early-market Project Stakeholders [Inter-
net]. Available from: https://www.researchgate.
net/publication/258352180_ANALYSING_
INNOVATIVE_ENERGY-EFFICIENT_
TECHNOLOGY_ADOPTIONS_IN_ISRAE-
LI_NON-RESIDENTIAL_BUILDINGS_
WITHIN_EARLY-MARKET_PROJECT_
STAKEHOLDERS

[10] Makido, Y., Dhakal, S., Yamagata, Y., 2012. 
Relationship between urban form and CO2 emis-
sions: Evidence from fifty Japanese cities. Ur-
ban Climate. 2, 55-67.

 DOI: https://doi.org/10.1016/j.uclim.2012.10.006
[11] Sun, C., Zhang, Y., Ma, W., et al., 2022. The 

impacts of urban form on carbon emissions: A 
comprehensive review. Land. 11(9), 1430.

 DOI: https://doi.org/10.3390/land11091430
[12] Zhuang, X., Jiang, K., Zhao, X., 2011. Analysis 

of the carbon footprint and its environmental im-
pact factors for living and travel in Shijiazhuang 
city. Advances in Climate Change Research. 
2(3), 159-165.

 DOI: https://doi.org/10.3724/SP.J.1248.2011.00159
[13] Valls-Val, K., Bovea, M.D., 2021. Carbon foot-

print in Higher Education Institutions: A liter-
ature review and prospects for future research. 
Clean Technologies and Environmental Policy. 
23(9), 2523-2542.

 DOI: https://doi.org/10.1007/s10098-021-02180-2
[14] Labaran, Y.H., Mathur, V.S., Muhammad, S.U., 

et al., 2022. Carbon footprint management: A 
review of construction industry. Cleaner Engi-
neering and Technology. 100531.

 DOI: https://doi.org/10.1016/j.clet.2022.100531
[15] Rajabi, R., Ghanbari, M., 2016. Identifying and 

prioritizing green building parameters in the im-
plementation of sustainable development man-
agement with an energy approach. ICCREM 
2016: BIM application and off-site construction. 
American Society of Civil Engineers: Reston, 
VA. pp. 535-546. 

[16] Daminabo, F.F., Obagha, R.R., 2018. Zero 
Carbon Architecture and Renewable En-
ergy Technologies; A Periscope [Internet]. 
Available from: https://www.researchgate.
net/profile/Ferdinand-Daminabo/publica-
tion/323526378_ZERO_CARBON_ARCHI-
TECTURE_AND_RENEWABLE_ENER-
GY_TECHNOLOGIES_A_PERISCOPE/
links/5a99d803a6fdcc3cbac92f8e/ZERO-CAR-
BON-ARCHITECTURE-AND-RENEW-
ABLE-ENERGY-TECHNOLOGIES-A-PERI-
SCOPE.pdf

[17] Li, W., 2011. Sustainable design for low carbon 
architecture. Procedia Environmental Sciences. 
5, 173-177.

[18] Sahlol, D.G., Elbeltagi, E., Elzoughiby, M.,  
et al., 2021. Sustainable building materials as-
sessment and selection using system dynamics. 
Journal of Building Engineering. 35, 101978.

 DOI: https://doi.org/10.1016/j.jobe.2020.101978
[19] Hong, J., Shen, G.Q., Feng, Y., et al., 2015. 

https://doi.org/10.1186/s40068-019-0135-3
https://doi.org/10.1007/s10098-021-02251-4
https://doi.org/10.3390/su13169244
https://doi.org/10.1016/j.egyr.2021.11.280
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://www.researchgate.net/publication/258352180_ANALYSING_INNOVATIVE_ENERGY-EFFICIENT_TECHNOLOGY_
https://doi.org/10.1016/j.uclim.2012.10.006
https://doi.org/10.3390/land11091430
https://doi.org/10.3724/SP.J.1248.2011.00159
https://doi.org/10.1007/s10098-021-02180-2
https://doi.org/10.1016/j.clet.2022.100531
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://www.researchgate.net/profile/Ferdinand-Daminabo/publication/323526378_ZERO_CARBON_ARCHITECTURE_AND_RENEWABLE_ENERGY_TECHNOLOGIES_A_PERISCOPE/links/5a99d803a6fdcc3cbac92f8e/ZERO-CARBON-ARCHITECTURE-AND-RENEWABLE-ENERGY-TECHNOLOGIES-A-PERISCOPE.pdf
https://doi.org/10.1016/j.jobe.2020.101978


21

Journal of Architectural Environment & Structural Engineering Research | Volume 06 | Issue 04 | October 2023

Greenhouse gas emissions during the construc-
tion phase of a building: A case study in China. 
Journal of Cleaner Production. 103, 249-259.

 DOI: https://doi.org/10.1016/j.jclepro.2014.11.023
[20] Ghanbari, M., Mojtahedzadeh Asl, M., 2021. 

Proposing a building maintenance management 
framework to increase the useful life of the 
building. International Journal of Industrial En-
gineering and Management Science. 8(1), 52-
61.

 DOI: https://doi.org/10.22034/IJIEMS.2021. 
289406.1039

[21] Morini, A.A., Ribeiro, M.J., Hotza, D., 2019. 
Early-stage materials selection based on embod-
ied energy and carbon footprint. Materials & 
Design. 178, 107861.

 DOI: https://doi.org/10.1016/j.matdes.2019.107861
[22] Solís-Guzmán, J., Martínez-Rocamora, A., Mar-

rero, M., 2014. Methodology for determining 
the carbon footprint of the construction of res-
idential buildings. Assessment of carbon foot-
print in different industrial sectors, volume 1. 
Springer: Singapore. pp. 49-83.

 DOI: https://doi.org/10.1007/978-981-4560-41-2_3
[23] Zhao, R., Chuai, X., Huang, X., et al., 2014. 

Carbon emission and carbon footprint of differ-
ent industrial spaces in different regions of Chi-
na. Assessment of carbon footprint in different 
industrial sectors, volume 1. Springer: Singa-
pore. pp. 191-220.

 DOI: https://doi.org/10.1007/978-981-4560-41-2_8
[24] Sinha, R., Lennartsson, M., Frostell, B., 2016. 

Environmental footprint assessment of building 
structures: A comparative study. Building and 
Environment. 104, 162-171.

 DOI: https://doi.org/10.1016/j.buildenv.2016.05.012
[25] Pawar, N., Qureshi, Y., Agarwal, R., et al., 2023. 

Study on phase change material in grooved 
bricks for energy efficiency of the buildings. 
Journal of Architectural Environment & Struc-
tural Engineering Research. 6(2), 22-32.

 DOI: https://doi.org/10.30564/jaeser.v6i2.5542
[26] Ghanbari, M., Abbasi, A.M., Ravanshadnia, M., 

2018. Production of natural and recycled ag-

gregates: The environmental impacts of energy 
consumption and CO2 emissions. Journal of Ma-
terial Cycles and Waste Management. 20, 810-
822.

 DOI: https://doi.org/10.1007/s10163-017-0640-2
[27] Sizirici, B., Fseha, Y., Cho, C.S., et al., 2021. 

A review of carbon footprint reduction in con-
struction industry, from design to operation. Ma-
terials. 14(20), 6094.

 DOI: https://doi.org/10.3390/ma14206094
[28] Ranjetha, K., Alengaram, U.J., Alnahhal, A.M., 

et al., 2022. Towards sustainable construction 
through the application of low carbon footprint 
products. Materials Today: Proceedings. 52, 
873-881.

 DOI: https://doi.org/10.1016/j.matpr.2021.10.275
[29] Mazzoli, C., Iannantuono, M., Giannakopoulos, 

V., et al., 2021. Building information model-
ing as an effective process for the sustainable 
re-shaping of the built environment. Sustainabil-
ity. 13(9), 4658.

 DOI: https://doi.org/10.3390/su13094658
[30] Hosseini, M.R., Azari, E., Tivendale, L., et al., 

2016. Building information modeling (BIM) in 
Iran: An exploratory study. Journal of Engineer-
ing, Project & Production Management. 6(2).

[31] Hatami, N., Rashidi, A., 2023. Enhancing the 
adoption of building information modeling in 
the Iranian AEC sector: Insights from a Delphi 
study. Engineering, Construction and Architec-
tural Management. Ahead-of-print.

 DOI: https://doi.org/10.1108/ECAM-04-2023-
0335

[32] Azhar, S., Carlton, W.A., Olsen, D., et al., 2011. 
Building information modeling for sustainable 
design and LEED® rating analysis. Automation 
in Construction. 20(2), 217-224.

 DOI: https://doi.org/10.1016/j.autcon.2010.09.019
[33] Liu, Z., Zhang, C., Guo, Y., et al., 2019. A 

Building Information Modelling (BIM) based 
Water Efficiency (BWe) framework for sustain-
able building design and construction manage-
ment. Electronics. 8(6), 599.

 DOI: https://doi.org/10.3390/electronics8060599

https://doi.org/10.1016/j.jclepro.2014.11.023
https://doi.org/10.22034/IJIEMS.2021.289406.1039
https://doi.org/10.22034/IJIEMS.2021.289406.1039
https://doi.org/10.1016/j.matdes.2019.107861
https://doi.org/10.1007/978-981-4560-41-2_3
https://doi.org/10.1007/978-981-4560-41-2_8
https://doi.org/10.1016/j.buildenv.2016.05.012
https://doi.org/10.30564/jaeser.v6i2.5542
https://doi.org/10.1007/s10163-017-0640-2
https://doi.org/10.3390/ma14206094
https://doi.org/10.1016/j.matpr.2021.10.275
https://doi.org/10.3390/su13094658
https://doi.org/10.1108/ECAM-04-2023-0335
https://doi.org/10.1108/ECAM-04-2023-0335
https://doi.org/10.1016/j.autcon.2010.09.019
https://doi.org/10.3390/electronics8060599


22

Journal of Architectural Environment & Structural Engineering Research | Volume 06 | Issue 04 | October 2023

[34] Ghanbari, M., Zolfaghari, D., Yadegari, Z., 
2023. Mitigating construction delays in Iran: 
An empirical evaluation of building information 
modeling and integrated project delivery. Jour-
nal of Engineering Management and Systems 
Engineering. 2(3), 170-179.

 DOI: https://doi.org/10.56578/jemse020304
[35] Finkbeiner, M., Inaba, A., Tan, R., et al., 2006. 

The new international standards for life cycle 
assessment: ISO 14040 and ISO 14044. The 
International Journal of Life Cycle Assessment. 
11, 80-85.

 DOI: https://doi.org/10.1065/lca2006.02.002

[36] Yang, X., Hu, M., Wu, J., et al., 2018. Build-
ing-information-modeling enabled life cycle 
assessment, a case study on carbon footprint 
accounting for a residential building in China. 
Journal of Cleaner Production. 183, 729-743.

 DOI: https://doi.org/10.1016/j.jclepro.2018.02.070
[37] Omrany, H., Marsono, A.K., 2016. National 

building regulations of Iran benchmarked with 
Breeam and Leed: A comparative analysis for 
regional adaptations. British Journal of Applied 
Science & Technology. 16(6), 1-15.

 DOI: https://doi.org/10.9734/BJAST/2016/27401

https://doi.org/10.56578/jemse020304
https://doi.org/10.1065/lca2006.02.002
https://doi.org/10.1016/j.jclepro.2018.02.070
https://doi.org/10.9734/BJAST/2016/27401

