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ABSTRACT 

 

EMBODIED ENERGY ASSESSMENT OF THREE TYPES OF IRANIAN 

CLAY BRICKS AND COMPARISON OF THE EMBODIED ENERGY OF 

FIVE EXTERIOR WALL CONFIGURATIONS 

 

Gharbi Oskouei, Aisan 

Master of Science, Building Science in Architecture 

Supervisor: Prof. Dr. Soofia Tahira Elias-Ozkan 

 

 

August 2022, 133 pages 

 

 

Environmental considerations and future sustainability are among the significant 

factors that have been considered in the present century. In the company of various 

influencing factors, the building and construction side has a momentous role in this 

regard due to its large contribution in consuming resources and energy, in addition 

to the release of detrimental greenhouse gases. The embodied energy of different 

alternative materials that are more commonly used in the construction of exterior 

walls and other related materials in Tehran the capital of Iran will be compared and 

analyzed from their cradle to gate based on an international database called ICE. For 

materials that their embodied energy is not evaluated in this database, various articles 

that include them have been reviewed, and among them, the number that has been 

mentioned in most of the articles has been selected, or a number as the average of all 

available data. A comparison will be made among these materials based on the 

measurements and results and will indicate that the application of which structural 

systems and materials have the most and the least negative impact on the 

environment from their embodied energy point of view. To achieve reliable results 

and comparable to global examples, the most authoritative database formed at the 

University of Bath in UK has been used. In addition to these analogies, which are 
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based on available global data, the whole production chain of three types of one of 

the most widely used materials in Iranian construction, namely brick, has been fully 

studied based on site surveys. All required local data are collected through 

observation and interviews and integrated into international data to bring the results 

closer to Iran. Pre-use phase of the materials are assessed in this research based on 

LCA method which comprises checking the type and amount of fuel used in the 

transportation of raw materials from the source to the factory as well as within the 

site, required energy for the manufacture of new materials, and energy expenditure 

of the labors. These assessments allow materials to be compared and prioritized 

based on their initial energy, so that materials can be selected wisely to achieve a 

more sustainable construction. The results of this study show that the embodied 

energy of the studied materials, which includes refractory brick, red clay brick, and 

hollow clay brick are 8.344 MJ/Kg, 1.209 MJ/Kg, and 1.766 MJ/Kg respectively. 

Also, the results obtained from a comparative study between different alternative 

materials for the construction of external walls based on their embodied energy, 

relying on the ICE database, showed that the amount of embodied energy of Iran’s 

hollow clay brick, generic clay brick, concrete block, AAC block, and drywall 

system are equal to 6,105 MJ, 15,271.53 MJ, 5,134.30 MJ, 10,439.13 MJ, and 

14,248.06 MJ, respectively. 

 

Keywords: Embodied Energy, Cradle-to-gate LCA, Iranian Brick, Wall 

Construction Materials 
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ÖZ 

 

İRAN’DA ÜRETİLEN ÜÇ TİP KİL TUĞLASININ VE BEŞ FARKLI DIŞ 

DUVAR SİSTEMİNİN GÖMÜLÜ ENERJİ DEĞERLENDİRMESİ VE 

KARŞILAŞTIRMASI 

 

 

Gharbi Oskouei, Aisan 

Yüksek Lisans, Yapı Bilimleri, Mimarlık 

Tez Yöneticisi: Prof. Dr. Soofia Tahira Elias-Ozkan 

 

 

Ağustos 2022, 133 sayfa 

 

Günümüzde çevresel değerlendirmeler ve gelecekteki sürdürülebilirlik, bu yüzyılda 

dikkate alınan önemli faktörler arasındadır. Yapı ve inşaat sektörü zararlı sera 

gazlarınin salınımına ek olarak, kaynak ve enerji tüketimine büyük katkısı nedeniyle 

bu faktörleri etkileyen, önemli bir role sahiptir. Bu çalışmada, İran'ın başkenti 

Tahran'da genellikle dış duvar sisteminde kullanılan malzemelerin gömülü enerjisi 

'ICE' adli uluslararası bir veri tabanına dayalı olarak ham madde eldesinden 

fabrikadan çıkıp,  kullanıma hazır olduğu aşamaya kadar karşılaştırılacak ve analiz 

edilecektir. Bu veri tabanında gömülü enerjisi değerlendirilmeyen malzemeleri 

içeren çeşitli makaleler gözden geçirilmiş ve her bir malzemeye dair araştırma ve 

makalelerde belirtilen değerlerin ortalaması olarak bir değer seçilmiştir. Bu 

malzemeler arasında ölçüm sonuçlarına dayalı olarak bir karşılaştırma yapılacak ve 

hangi yapısal sistemin ve malzemelerin uygulamasının gömülü enerji açısından 

çevreye en çok ve en az olumsuz etkisi olduğu değerlendirilecektir. Çalışmada 

güvenilir sonuçlar elde etmek ve çalışmayi küresel örneklerle karşılaştırılabilir hale 

getirmek için İngiltere'deki Bath üniversitesi'nde oluşturulan en yetkili ve kapsamlı 

veri tabanı kullanılmıştır. Mevcut küresel verilere dayanan bu karşılaştırmalara ek 

olarak, İran'ın inşaat sektöründe en yaygın kullanılan malzemelerden biri olan 
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tuğlanın üç farklı tipinin tüm üretim zinciri saha araştırmalarına dayalı olarak yerinde 

incelenmiştir. Bu amaçla gerekli tüm yerel veriler gözlem ve görüşmeler aracılığıyla 

toplanmış, uluslararası verilere entegre edilmiş ve bu verilerden elde edilen sonuçlar 

İran'daki yerel özellikler dikkate alınarak uygun hale getirilmiştir. Malzemelerin 

kullanım öncesi aşamasıni, ham maddelerin kaynaktan fabrikaya ve saha içinde 

taşınmasında kullanılan yakıt türü ve miktarını, üretim ve üretimdeki işçiler için 

gerekli enerji harcamalarının kontrol edilmesini içeren yaşam döngüsü (LCA) 

yöntemine dayalı olarak değerlendirilmiştir. Bu değerlendirmeler, malzemelerin 

başlangıçtaki enerjilerine göre karşılaştırılmasına ve önceliklendirilmesine olanak 

tanır, böylece daha sürdürülebilir bir yapı elde etmek için malzemeler akıllıca 

seçilebilir. Bu çalışmanın sonuçları, refrakter tuğla, kırmızı kil tuğla ve içi boş kil 

tuğla içeren incelenen malzemelerin gömülü enerjisinin sırasıyla 8.344 MJ/Kg, 

1.209 MJ/Kg ve 1.766 MJ/Kg olduğunu göstermektedir. Ayrıca, ICE veri tabanına 

dayalı olarak, dış duvarların inşası için farklı alternatif malzemeler arasında 

somutlaştırılmış enerjilerine dayalı olarak yapılan karşılaştırmalı bir çalışmadan elde 

edilen sonuçlar, İran'ın içi boş kil tuğla, jenerik kil tuğla, çimento blok, AAC blok 

ve alçıpan sistemi gömülü enerji miktarlari sırasıyla 6.105 MJ, 15.271.53 MJ, 

5.134.30 MJ, 10.439.13 MJ ve 14,248.06 MJ'ye eşittir. 

 

Anahtar Kelimeler: Somutlaştırılmış Enerji, Beşikten Kapıya LCA, İran Tuğlası, 

Duvar İnşaat Malzemeleri 
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CHAPTER 1  

1 INTRODUCTION  

The argument, objectives, methodology, and disposition of the research are the topics 

that are included within the Introduction section to begin describing the steps and 

operations performed during this research. 

1.1 Argument 

Buildings have always been one of humanity's most pressing needs in every era 

and that has been the driving force behind the ongoing trend in the construction 

industry. The indisputable role of the construction industry in environmental 

impacts is a subject that needs much attention. Improving the quality of buildings 

has always been an important issue to be considered. In fact, it is essential to 

improve the quality of life of people without jeopardizing the quality of life on 

earth. Implementation of sustainable construction can help achieve this goal. 

As the population grows, the need for buildings increases and this could be a 

starting point for environmental degradation through the diffusion of CO2 and the 

excessive use of natural resources such as energy, materials, and water. The trend 

of increasing carbon dioxide emissions over time is illustrated in Figure 1.1. Based 

on the data obtained from United Nations Environment Program (UNEP, 2019), 

this industry accounts for 40% of global energy consumption and it produces one-

third of the world's green house gasses (GHG). Also, about 60% of the world's 

electricity is consumed in the operational phase of buildings. 

Each building is composed of a set of energies that are consumed during its life 

cycle which are: Embodied Energy (EE), Operational Energy (OE), and Energy for 

Demolition (DE). Each of these energies has a share in the total energy consumed 



 

 

2 

by a building from cradle-to-grave. Since the supply of energy requires the use of 

the aforementioned natural resources, these consumed energies can cause negative 

and destructive impacts on the environment. 

Embodied energy is usually defined and known as an energy which has been 

consumed to produce a material. So, it can be assigned to the stages of extraction, 

transportation, and manufacture. As it is obvious each of these stages requires 

energy to be executed. Since these energies are not always accounted for, less 

attention has been paid to them as contributing to the EE of buildings or products. 

By implementing methods to decrease the operational energy, the need to pay 

attention to embodied energy increases. To reach a completely sustainable 

building, considerations should be given to all energies that have a role in the total 

required energy of a building. 

It is not possible to achieve all of the environmental effects of a building by 

considering its embodied or operational energy individually but evaluating each of 

them alone will help us gain a better perception of the life cycle embodied energy 

(LCEE) of the building. 

 

Figure 1.1. Global increase in CO2 emissions in Gton CO2 /year due to the burning 

of fossil fuels and their flaming (IPCC, 2014) 

Although many studies have been done in different countries around the world, the 

embodied energy is still an issue which is novel in the construction industry of Iran. 
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Studies in the field of consumed operational energy have been conducted to an 

acceptable degree and satisfactorily, and this has led to the need to focus more on 

embodied energy. 

Therefore, embodied energy consumption at the national level is deserving of 

studying as a way to recognize fields where energy efficiency strategies can be 

proposed (Dixit, Fernández-Solís, Lavy, & Culp, 2010).  

Accordingly, this research was focussed on the embodied energy of construction 

materials used in residential buildings in Iran, i.e. different types of bricks; and 

pursuant to the obtained data for each of the selected bricks types, comparisons were 

made among them through a LCEE analysis. 

1.2 Aim and Objectives 

− The primary aim was to comprehend the general concept of Embodied Energy 

and the importance of its role in the life cycle of a building, through a thorough 

literature review. 

− The secondary aim was to identify the conventional materials in the construction 

of exterior walls with the least and most Embodied Energy, in Iran. 

− Hence, the main objective of this study was to investigate the energy consumed 

in the brick production cycle, which is one of the most widely used materials in 

residential construction, in Iran. 

− The secondary objective was to perform a Life cycle assessment (LCA) in order 

to calculate the Embodied Energy of different bricks; and 

− To make a comparison between the exterior wall options prior to construction 

according to their EE. 

In order to reach these objectives the following research questions were posed in this 

study: 
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− How is brick being produced in Iran; what is the technology for each type of 

brick? 

− What type and amount of energy is consumed in the brick production cycle in 

the Iranian construction industry? 

− What are the factors that should be used to calculate the embodied energy of 

different bricks?. 

− How do different wall materials compare in terms of their embodied energies? 

With the obtained results, it will be possible to create a database for 3 most 

commonly used types of bricks in Iran which can later be expanded. 

1.3 Procedure 

This study was conducted in 3 stages. In order to understand the production chain 

of bricks in Iran, site visitis were made to the factories and data was obtained 

which was local and reliable. All the data were collected through interviews with 

skilled people present in the factory. Three types of bricks , including refractory, 

red clay brick, and hollow clay brick, which have the most demand in construction 

in Iran were selected to investigate their embodied energies. All the operations and 

stages that played a role in making bricks in the factory have been analyzed in 

terms of fuel, electricity, and gas consumption, and also manpower, and the energy 

resulting from each has been included in the calculations for the final energy used 

for the bricks production. 

The data that are used through this is study are collected not only from people 

working in the factory but also from ICE database, which is one of the most 

reliable databases in the field of EE. 

Most common materials in the construction of the exterior walls in Iran, including 

hollow clay brick, generic clay brick, concrete block, AAC block, and drywall 

system, were selected to compare their embodied energy by calculationg them as 

part of a test wall that is 10 meter by 2.7 meters. These materials were compared by 
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calculating their embodied energy within a standard wall and the details are 

presented in material and method chapter. The EE coefficients of these materials 

are calculated by relying on the Ice database. In their calculations, not only the role 

of masonry materials but also the structures related to each type of wall are 

considered. 

1.4 Disposition 

This dissertation consists of five chapters. The first part of which is introduction 

and is devoted to explaining the intended purposes of selecting this topic as the 

case study. This section covers the sub-sections that include argument and aim and 

objectives of this thesis, each of which includes the relevant description. 

The second part examines backgrounds and previous studies that are related to the 

field of study. The first part of this literature survey deals more specifically with 

the issue of environmental impacts resulting from the construction of building 

materials. In the second part, the whole topic of embodied energy is explained in 

more detail. In the third part the required information to study this energy, which is 

suggested by other articles and studies, is described. The fourth section includes 

figures provided by other countries in their energy calculations for building 

materials. Fifth subsection describes possible and available methods for evaluating 

energy in the construction life cycle and in the sixth part of this chapter, the 

characteristics of each of the life cycle assessment methods are examined and 

interpreted. 

The third chapter introduces the adopted material and methods in collecting field 

data and objective surveys and observations performed to obtain the required 

information. 

The results of this field survey and observations are presented in fourth chapter. 

Chapter five discusses the study performed and compares and categorizes the 

results obtained to give a general conclusion about the embodied energy of 
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different materials and also interprets the results obtained for the studied Iranian 

bricks. 
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CHAPTER 2  

2 LITERATURE REVIEW 

This section is devoted to information collected from the articles studied. Each title 

is dedicated to the concept of the intended topic, and related data are presented. 

Under each title, different ideas, perspectives, and experiences of various 

researchers in the same field are briefly stated. 

2.1 Environmental Impacts of Building Materials 

Based on the statistics compiled from the United Nations Environment Program, 

(UNEP, 2019), the construction sector in developed countries is causing a large 

percentage of the impacts on the environment. In European countries, almost 40% 

of the total environmental burdens lie with the construction and construction sector. 

Also, 40 percent of primary energy in British buildings is consumed both at 

construction and at occupation times. These environmental effects can occur at all 

stage of the life of a building. 

The construction industry can impact on the environment from three crucial points 

of view. These impacts can be categorized into energy which is consumed during 

the manufacturing, utilization, and end of life of a product, global warming 

potential which is generally measured in units of CO2 emissions, and water 

consumption (Bribián, Capilla, & Usón, 2011). 

As an example, the percentage of resource use and environmental impacts in the 

US construction industry is illustrated in Figure 2.1. 
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Figure 2.1. Environmental impacts of building in the US (Western Village, 2013) 

In summary, the ecological effect is dedicated to issues like the emissions of gases 

to the environment and resource consumption and interpositions such as land 

occupation which are the outcomes of the production of material and products and 

can occur during the extraction of resources, their production, use and end-of-life 

phase. These effects can be categorized into climate change, ozone depletion, 

acidification, and eutrophication, which can be harmful to the health of the 

ecosystem and all living species. Therefore, in addition to the prevalent flows of 

monitoring practices there is a need to be provocative and to provide different 

intuitions to mitigate such effects. 

Of all these impacts, energy consumption accounts for the most significant 

percentage, which could be energy used to manufacture building materials or energy 

consumed for the rest of the building's life. Hence, more focus is going to be provided 

on embodied energy, which is less than the operational energy that is in the spotlight. 

2.2 Embodied Energy  

The three leading stages of a building can be classified into pre-use, use, and after-

use phases (Dumani, 2009). The pre-use stage which is affected by the material 

processes from raw material extraction through construction to site implementation, 

is accountable for the embodied primary energy. 
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The use phase which contributes to the utilization of operational energy for lighting, 

heating, ventilation, and the use of machines and devices; and the repetitive use of 

embodied energy for maintenance, repair, or replacement of materials.  

The post-use is a stage that consists of reusing, recycling, and disposal operations 

that are performed at the end-of-life of the buildings. 

The consumption of energy during the whole life of a building can be divided into 

four categories:  

− The primary and initial energy is energy which is spent on the creation of a 

building and has been consumed during the derivation, processing, 

production, transfer, and fabrication of materials. 

− The recurring embodied energy is energy which is spent on maintenance, 

repair, renovation, or replacement of materials throughout the entire life of a 

building. 

− Operational energy is energy, which is spent on the ventilation, lighting, 

heating, cooling, and providing energy to all existing electrical 

equipmentutilized in buildings. 

− Demolition energy: The energy that is spent on destruction and the buildings’ 

disposal (Ezema, Fagbenle, & Olotuah, 2015). 

As a general definition, the life cycle embodied energy of the cradle-to- grave term 

of a building is the sum of the primary energy, the recurring energy, and the energy 

of disposal (Ezema et al., 2015). 

Achieving sustainability in the process of designing a building can be the motive for 

engineers, architects, and other practitioners to expanding knowledge in order to help 

them in having a smart choice of the material for their designs. 

In terms of energy consumption, the importance of different stages in the life cycle 

of a building is variable and changes over time, as the environmental impact of 

embodied energy increases. Accordingly, the embodied energy component is 

growing in importance, and more emphasis is needed on it in order to handle the 
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emissions of GHGs and maximize the decrease of environmental impacts from the 

construction industry (Dumani, 2009). 

As described by Holtzhausen (2007), non-renewable energy that is consumed in the 

production and manufacture of materials and that plays a vital role in the selection 

of advisable materials is known as Embodied Energy. The role of this factor in life 

cycle assessment of a construction is undeniable and pertinent to the sustainability 

of environment. 

Embodied energy is the intrinsic energy of a building correlated with the materials 

of construction, construction processes, and its durability (Ezema et al., 2015). 

As buildings are designed with more sensible ideas and methods and are more 

efficient in terms of operational energy, the embodied energy of the building and the 

materials used in the construction, operation, and maintenance of the building also 

need to be carefully examined (Holtzhausen, 2007). 

Sometimes just focusing on the operational energy and ignoring the type of utilized 

materials will lead to an increase in embodied energy, and the efforts to achieve 

sustainable building become useless, and they happen to increase it. For instance 

installation of overhangs which are made of concrete, metal, or other materials to the 

southern façade in order to have reduction in heat accumulation or overuse of 

insulation materials to reduce temperature transfer, and other strategies can be the 

cause of an increase in the embodied energy (Azari & Abbasabadi, 2018). 

In buildings that are built with a low energy consumption strategy, the contribution 

of embodied energy can vary between 9 to 46 percent (Bribián et al., 2011). In order 

to achieve a better performance in a building with low energy consumption, attention 

to the embodied energy must be in parallel with the functional energy (Birgisdottir 

et al., 2017). 

In some studies of buildings that do not require energy for heating or cooling, or are 

even designed as zero-energy and their required energy is provided from renewable 

sources and passively, the embodied energy has been reported to be notably high 

(Khasreen, Banfill, & Menzies, 2009). 
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Environmental impacts linked with embodied energy such as resource depletion, 

emissions of noxious gases, biodiversity conservation, and degradation of the 

environment are incorporated in embodied energy metering. 

Embodied energy can be cited as a sign of carbon footprint or greenhouse gas 

emissions and can be used as an indicator of sustainability of the environment since 

it can be beneficial for the mitigation of the adverse effects (Dixit, Fernández-Solís, 

Lavy, & Culp, 2012), (Alwan & Jones, 2014),(Ezema et al., 2015). 

According to CSIRO (Scientific and Industrial Research Organization), an 

Australian organization, the energy consumed for the production of building 

materials is very relevant and influential on the emission of CO2. Approximately, the 

consumption of every GJ of embodied energy can produce 0.098 tons of CO2. 

Giga Joules (GJ) or Mega Joules (MJ) per unit of weight (Kilogram or ton) or area 

(m2), are the units that embodied energy is declared in. 

Due to the variety of factors and complexities, various sources are required in order 

to calculate the embodied energy. The embodied energy of materials is influenced 

by factors such as geographic location, the technology used in the production 

process, and production methods (Holtzhausen, 2007). 

As it is described by Stephan and Crawford (2016), the floor area in our constructions 

affects the embodied energy and also the value of the cycle of life.  

As an example, to illustrate the importance of building's scale, we can cite a study 

that compared the embodied energy of a traditional brick house with a contemporary 

home made of concrete, cement, and burnt brick. The result of the experiment 

showed that the use of bricks reduced the total embodied energy per 100 m2 of the 

constructed area by 245 GJ, indicating the importance of material selection in overall 

energy content (Shukla, Tiwari, & Sodha, 2009). 

It is also demonstrated by Rauf and Crawford ( 2015) that another factor that affects 

the embodied energy is the service life of the materials, and it means a period in 

which a material stays in an utilizable condition.  

The production process must be understood in order to calculate embodied energy, 

the processes of different products by modeling their production plan, from raw 
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material extraction to production. The difference in the estimation and evaluation of 

the embodied energy originates from the difference in the scope definition as well as 

in the technology of production and transportation of materials. In addition to the 

ISO framework, some literature refers to standard protocols for estimating embodied 

energy, and sometimes such challenges encompass a wide range of embodied energy 

metrics in terms of material use and transportation (Dixit et al., 2012).  

2.3 Categories of Embodied Energy 

Initial embodied energy and Recurring embodied energy are the two main 

components that make up the embodied energy. These two categories are explained 

further in th following sections. 

2.3.1 Initial Embodied Energy 

The initial  EE can be atributed to the building material, the building component, or 

the entire building. This includes energy required for extraction of raw material, 

manufacturing of the building components, and construction of the building 

including the energy expended by the workers and trasportation. 

The energy that is nonrenewable and consumed since the attainment of raw materials 

till their processing and construction is described as the initial embodied energy. The 

utilized resources, the sort of selected building materials and the building’s nature 

can be considered as the influencing factors of initial embodied energy. 

According to several articles that have been reviewed, the commonly used equations 

for calculating initial embodied energy (EEi ) are as follow (Ramesh, Prakash, & 

Shukla, 2010): 

EEi = EM+ EC  

Where,  

EEi: Initial embodied energy of the building;  

EEM: Energy for building material manufacturing; and  
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EC: Energy used for building construction 

Also based on the Ramesh, Prakash, & Shukla (2010), it has been stated that the 

production energy can be calculated with the following equations:  

EM = miMi  

Where, 

EM: Energy required for material manufacturing; 

mi: Quantity of building material required to produce a building; and 

Mi: Energy content of material per unit quantity 

2.3.2 Recurring Embodied Energy 

A nonrenewable energy which is spent on maintenance, repair, renovation or 

replacement of materials throughout the whole life of the buildings is known as 

recurring energy. Durability and conservation of materials utilized in a building are 

the factors which affect the recurring embodied energy. 

According to the reviews literatures, recurring embodied energy calculation can be 

done using the following equations (Ramesh et al., 2010): 

EEr =  miMi [(Lb/Lmi)-1]  

Where, 

EEr: Recurring embodied energy of the building; 

Mi: Quantity of building material required to produce a building; 

Mi: Energy content of material per unit quantity; 

Lb: Life span of the building; 

Lmi: Life span of the building material. 

2.4 Data and Information for EE Assessment 

The availability and access to data for building materials and construction products 

are crucial to evaluate the Embodied Energy and embodied GHGs (EEG) of a 
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building (Birgisdottir et al., 2017), (Chae C., Kim S., 2016). This information should 

be reliable and comparable so as to allow for useful comparisons to be drawn 

between different products and materials. 

Table 2.1 Minimum requirements for EEG-database for construction products (Seo, 

Foliente, & Ren, 2018) 

 

The field survey, in which data is gathered by assessing energy related parameters 

directly from processes of factories or building sites, is the most common method 

used at every level of building parts as it is illustarted in Figure 2.2. 

 

Figure 2.2. Common LCI database source in different level of building parts (Chae 

C., Kim S., 2016) 
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2.5 Calculated Values of Embodied Energy in Different Countries 

In this section, several examples of studies in different regions of the world on the 

embodied energy field and its importance will be discussed in order to better 

comprehend the role of this embodied energy in the construction industry.  

− In an Australian study conducted in 2007, the total intensity of embodied 

energy visualized for residential buildings ranged from 9570 MJ/m2 to 14630 

MJ/m2. Also, in this study, the initial embodied energy accounts for between 

62 to 63 percent of the total energy of a building, while the recurring 

embodied energy element was in the range of 38%. And total embodied 

energy contributes about 17 to 24 percentage of the whole life cycle energy 

(Pullen et al., 2006). 

− In another study in Australia, the researchers have estimated the amount of 

operational energy as 40% of the total energy in the life cycle; however, the 

primary and recurrent embodied energy accounts for 37 and 22 percent of the 

entire cycle energy, respectively. The results are indicative of the importance 

of embodied energy as an essential element in the energy profile of a building 

(Crawford, 2014). 

− Another study was conducted by Crawford and it showed that 63% of the 

original energy is deemed as the primary energy, while the energy embedded 

in the repetition represents 37% of the total energy, demonstrating the 

stability in the embodied energy aspect of the Australian studies (Stephan & 

Crawford, 2016). 

− In a study carried out in Malaysia, the amount of primary embodied energy 

varied between 4120 MJ/m2 and 5380 MJ/m2 based on the difference 

between the materials applied. The presented statistics demonstrate the 

undeniable importance of this component of the total lifecycle energy (Mari, 

2007). 

− The intensity of embodied energy in a Brazilian study is reported as 

7200MJ/m2, and also the recurring energy intensity is about half of that value. 
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In this study, walls account for about 57 percent of the embodied energy 

(Paulsen & Sposto, 2013). 

− In some cases, operational energy exceeds embodied energy; for instance, in 

a study conducted on a residential building in India, of the total energy of the 

building, 89% represents the operational energy share and 11% as the 

embodied energy share (Ramesh, Prakash, & Kumar Shukla, 2013). 

All the examples cited above point to the increasing importance of embodied energy 

in the overall energy use. Table 2.2 summarizes the results of evaluations of the 

embodied energy in further research conducted by Dixit (2013). 

 

Table 2.2 Obtained embodied energy of materials from sources present in 

the literature (Dixit, 2013) 
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2.6 Factors Involved in Calculating EE of Materials 

Different factors are involved in the production of building materials in a factory, 

each of which has a fundamental role in the production process. All the operations 

performed during the production of any building product consume energy, and for 

this reason, they are considered in the embodied energy calculations of different 

materials. Among these factors, we can mention the transportation of raw materials, 

electricity consumption of machines, manpower, and other factors affecting the 

amount of embodied energy of materials. 

2.6.1 Energy Expended by Workers 

Load of work is a momentous issue to be figured out to consider the health of the 

workers and also to fit the work according to the physique of each person (Saber et 

al., 2014). Relying on the information obtained from the mentioned research, which 

is considered in a steel production factory in Iran, and the average age of the workers 

working there is about 30.84, the energy consumption of male workers is 

approximately 2.81±0.809 has been obtained. 

In the table below, the results obtained from this research are shown in relation to 

the estimation of energy consumption based on heart rate while doing work in the 

studied workers. This Table B is shown in the original language of the reference 

article in the appendix and the English translation of this table by the author is 

shown in Table 2.1. 
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Table 2.3 The energy consumption estimation table based on the heart rate while 

doing work in the studied workers (Saber et al., 2014), translated into English (by 

author) 

 

A significant feature of health and safety in occupations is called energy cost (EC).  

In order to obtain a general guideline regarding the energy expenditure during work, 

which is consumed in the unit of the number of calories consumed in a certain period 

of time, preliminary studies are needed. considering the growing outbreak of features 

related to the work aspects, determining energy cost is counted as a major and 

significant issue in the safety and health matter of occupations. The negative effects 

of some work on individual health can be mentioned as stress, fatigue, and some 

diseases that are the result of high metabolism on the body. In the long run, these 

effects can lead to a decrease in the health of employees and their efficiency. Among 

the many surveyed jobs that are considered as hard work, after agriculture, which 

ranks first in the difficulty of work, construction and manufacturing industry are 

placed in the second and third categories, respectively (Poulianiti et al., 2018). 

According to the results obtained from (Poulianiti et al., 2018), each male worker in 

the construction industry burns about 4.9 ± 1.6 kcal/min to work in this field. This 

amount for a male worker who works in a manufacturing plant is equal to 3.8 ± 1.1 

kcal/min for men and about 3.0 ± 1.3 kcal/min for women. 
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2.7 LCA methodology for energy use evaluation in buildings 

To establish sustainable design in construction industry, evaluating the degree of 

sustainability of the building plays an important role. Procedures are needed to 

inquire environmental factors and focus on the reciprocal relations between the 

construction industry and related activities and its life cycle environmental impacts. 

Life Cycle Assessment (LCA) is the most commonly used method among the various 

ways that are available to obtain data and present the results. It is crucial to examine 

the current method of housing, especially concerning the materials applied and the 

construction processes, to identify associated energy reduction possibilities. This 

approach can be made by applying the Life Cycle Assessment Tool (LCA) and, in 

particular, the Life Cycle Energy Assessment (LCEA), which is a framework for 

evaluating the energy performance of a component or building throughout their life 

cycle. 

2.7.1 Concept of Life Cycle Assessment 

Life Cycle Assessment has been declared as a strategy which assists in determining 

the total environmental impacts of a product (here the building) across its entire 

phases of life cycle comprising of exploitation of resources, processing raw 

materials, production, transportation, utilization, reuse, preservation, recycling, and 

disposal. The LCA is often used as a tool to support analytic decision making. 

Application of this tool along with other aspects of construction can lead to an 

effective project. It also helps to replace the current suggested options with other 

alternatives that make the existing project balance better with respect to its 

environmental impacts. 
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Figure 2.3. Life Cycle Assessment stages (adapted from Abioye Oyenuga, 2017) 

The late 1960s and early 1970s were the beginning of the era of LCA attention. 

Energy analysis was the first focus of those research, but later expanded to include 

more information on the required resources, the number of pollutants, and waste 

produced, to gain further information. The 1990s were the time of global growth in 

this field and the issue of the requirement for a universal standard arose. The 

incorporation of the International Organization for Standardization (ISO) into this 

system appeared in this decade. The LCA is a framework for assessing the 

environmental impacts of a product, process, or service from the cradle to the grave 

and complies with international standards, ISO 14040. Based on ISO 14040, the 

LCA is defined as the formulation and evaluation of the inputs, outputs and potential 

environmental impacts of a product system over the life cycle. 

2.7.2 Set of Steps Involved in LCA  

According to ISO 14040:2006, for those who are eager to assess the life cycle of 

their products, information is required for four different phases that are monitored 

by this system; which are as follows: 

1. Goal and scope definition 

2. Inventory analysis stage 
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3. The impact assessment stage 

4. Interpretation stages 

A framework based on a flowchart suggested by ISO for conducting the Life Cycle 

Assessment is illustrated in Figure 2.4. The four stages mentioned therein are 

explained in the following sections. 

 

Figure 2.4. Framework of Life Cycle Assessment (ISO 14040) 

2.7.2.1 Goal and Scope 

First and foremost step in performing a life cycle assessment is to define the goal, 

i.e. the aim of the asessment and its scope, in order to specify the target for the study. 

This step is a place to determine the intentions and restrictions that exist in the field 

under consideration. Boundaries of the system are the main ones, for example the 

whole life of a product and the Performance unit. Identifying and defining the goal 

and scope gives direction to the study. 

In accordance with ISO 14040 related to the intended program, the reasons for the 

study and the intended target audiences are stated in the goal definition step of every 

LCA. This includes the system of the product to be studied, its performances, the 

related units, the boundaries of the system, designation processes, categories of 

selected impacts, methods of evaluation of impacts, necessity of data, assumptions, 

constraints, critical checks and type of report needed for the field. 
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As it is described by Weidema, Wenzel, Petersen, and Hansen (2004), defining same 

functional units in LCA can be beneficial for comparing different products and 

materials with each other. For instance, m2 is a unit which is mostly used in 

assessments but depending on the available data this unit might be changed to “Ton” 

if the environmental load of a material is considered. Hunkeler (2016) stated that the 

profundity and precision of the study should be taken into account during the goal 

definition stage. 

 

Figure 2.5. System boundary of the inventory modified according to Society of 

Environmental Toxicology and Chemistry (SETAC, 1991) 

Finally, according to ISO 14040, a logical goal definition must be able to respond to 

two demands: “What is the purpose of considering the study area?” and “Why the 

assessment of the life cycle has been conducted?” 

2.7.2.2 Inventory Analysis 

A Life-Cycle Inventory (LCI) is a method that measures the quantity of the raw 

materials, ambient pollution, water, and solid waste produced during the life cycle 

of a product or process. Products and operations can be measured, evaluated, and 
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compared through the LCI. Data compilation and qualification of all energy inputs 

and outputs of a system is included in the inventory analysis section (Khasreen et al., 

2009). 

Software tools and databases are vital in this phase, as exclusive materials and 

processes cannot be evaluated whenever an LCA analysis is carried out. So, the LCA 

tools are linked to the databases of operations, outcomes, and products that are 

essential to execute an LCA. Emissions into the air and atmosphere, and the 

utilization of energies can be accounted for through the existing databases in LCI. 

The derivation of raw materials, transporting, manufacturing and distributing the 

final product are covered by the databases that are available in the LCI databases 

(Hollerud, Bowyer, Howe, Pepke, & Fernholz, 2017). 

This stage is dedicated to the inventory collection of input/output data according to 

the system studied. It is a recurring process and the related data are being updated 

continually (Monahan & Powell, 2011). 

2.7.2.3 Impact Assessment 

The environmental impacts of the product or method are estimated at this stage. 

Mainly, the possible contribution of the product or process to the categories of 

environmental impact is determined. The data that have been obtained from the 

previous step, i.e. the Life Cycle Inventory Analysis, will be entered into the 

adequate impact classification specified in the first step. Various or solitary 

categories of effects can be identified as the consequences of the assessments (ISO 

14040, 2006). 

It is also described as the phase of a process proposed at recognition and evaluating 

the significance and weight of the embodied environmental impacts for a product 

system throughout the life cycle of that product. This is the step that reveals the 

impacts of resources spent and emissions released into the atmosphere, as classified 

in the life cycle inventory analysis (Muthu, 2014). 



 

 

24 

Applying the LCI data, the system assesses the importance of potential 

environmental impacts and comes up with data and information for the final 

interpretation step (Monahan & Powell, 2011). 

2.7.2.4 Interpretation 

Life cycle interpretation is an structured method for recognizing, quantifying, and 

evaluating information from LCI or LCIA results. The results of the inventory 

analysis and impact assessment are summed in the interpretation stage. The 

consequence of the interpretation phase is a collection of conclusions and proposals 

and suggestions for the study (Hernandez, Oregi, Longo, & Cellura, 2019) (Cao, 

2017). 

Obtaining the inferences and developing assumptions concerning the doubts that 

exist in the results is the final step in analyzing the inventory. The calculated results 

are only characteristic of supporting and recommending decisions on what affects 

the materials or operations. 

2.8 Characteristics of LCA Methods 

Numerous LCA methodologies have been implemented to evaluate life cycle 

impacts. The selection of methods for acquiring product data usually depends on the 

goal and scope of the task, the expected level of detail, the adequate level of 

ambiguity, and accessible resources such as time, human resources, expertise, and 

finances (Stavropoulos et al., 2016). 

Due to the variety of applied methods, among all of them, the three most prominent, 

common, and known methods will be mentioned and discussed separately below. 



 

 

25 

2.8.1 Process-Based Databases 

A process-based analysis is a way of documenting all processes associated with a 

product's life cycle and considering all inputs and outputs of each method. It is 

known as the aggregate of all the environmental influences arising from the products 

and methods demanded in the creation of a building (Moncaster & Song, 2012). 

Compilation of data for particular unit processes and connecting them to more 

extensive methods for representing the environmental impacts of a product or system 

on its life cycle are progressively being applied to recognize the environmental 

impacts at the building level (Chae C., Kim S., 2016). 

The process-based LCA sorts the product/building into a prominent system, for 

which the initial data is gathered, and a background system, for which the public data 

is employed (UNEP SETAC, 2011). 

In this method, the International LCA Standard advises the application of acceptable 

mass, energy, or environmental impact measures. Inputs that are beneath a specific 

level of mass, energy, or environmental effects can be disregarded and thus 

eliminated from the evaluation (ISO 14040 and 14044). 

It is possible to perform diverse types of process-based analyses according to the 

system boundary defined in the first level, which is as follows. 

− Cradle-to-Gate: evaluation of the product life cycles from the extraction to 

the plant gate (shipping is also included). This analysis covers all 

manufacturing processes of the materials. 

− Cradle-to-Grave: evaluates the whole life cycle of a product or process, 

including the extraction, application, and end of life stages. 

− Cradle-to-Cradle: consist of a particular cradle-to-cradle assessment where 

recycling or reuse is the disposal method of the product. 

− Gate-to-Gate: the entire manufacture process is the main focal point in a 

partial LCA examination and looks only at the value of the process. 
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2.8.2 Input-Output (I-O) LCA 

Input-Output Method (IO) is a top-down economic strategy that applies financial 

segment data, i.e. the national input-output data, to respond to complicated industry 

dependencies in the modern economy. Nevertheless, I-O methods are also employed 

at the building level and component level, especially in countries where process-

based LCA data are insufficient (Tarancon & Del Río, 2012). 

Use-build and symmetric models are the two offered models of table in Input-Output 

systems. The first one concentrates on the output of industrial sectors. 

2.8.3 Hybrids of the Two Methods 

The hybrid method is a system that exploits the strengths of both methods (process 

and IO method) and combines as many process-specific data as possible while 

covering the rest of the system with common IO data. 

The hybrid approach either starts with a complete system, adds process data that 

make process production obvious, or it starts the process from the LCA, and adds 

inputs that are not determining the quantity at the process level. Also, the hybrid 

approach combines many of the infirmities of the process and I-O methods. The cost 

of the hybrid method can be as much as the process and I-O methods because the 

target of the hybrid method is to achieve the best quality and highest level of 

comparability in the estimates. The quality of the hybrid method also depends on the 

accessibility and quality of the primary and secondary data in the I-O processing 

method and table. 

Several hybrid approaches have been proposed which merge two methods. It can be 

achieved either starting with an IO table and adding process data to specific 

production processes or starting with a process-based LCA and adding inputs when 

no process LCA data is available (Seo et al., 2018). 
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2.8.4 Comparison of Methods 

Framework process-based LCA databases for building materials, construction 

assistance, energy supply, transportation, and waste management services promote a 

comparable design, such as economic input-output tables. They both help decrease 

attempts to quantify embodied energy and greenhouse gas emissions of 

constructions. 

The time required to create databases based on LCA background processes is the 

same as the time required to create environmentally friendly input output databases. 

The principal challenges concerning process-based LCA data are the system 

boundary and cut off criteria, the availability of company or sector-specific reliable 

and transparent data. 

Most of the challenges are related to construction products manufactured overseas, 

where there are limitations for accessing data. Services such as planning 

(architectural duties) are usually not considered in the process-based LCA. However, 

they often have a minor role in comparison with the embodied energy or CO2 

footprint of a building. 

If both the LCA database and environmentally extended I-O table are available, 

reliable, and adequate, the two approaches (process-based and I-O based) do not 

differ considerably in assessing the embodied energy or GHG emissions of a 

particular building. 

The calculation of the embodied energy relying on an input-output-based hybrid 

method can be appropriate. The process data on energy inputs can be accumulated 

and entered into the input-output model to improve its trustworthiness (Dixit, 2013). 

Table 2.4 illustrates a comparison between the characteristics of each database and 

methods by presenting the advantages and disadvantages of each. 
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Table 2.4 Compilation of characteristics of Databases in methods of EE estimation 

(Azari & Abbasabadi, 2018) 

 

2.9 Embodied Energy Values of Bricks 

Based on the data that have been collected through Bill of Materials in Greece, that 

helps to determine the weight of the materials used in Kg, the calculation of EE can 

be provided. The EE can be obtained by multiplying the mass of material achieved 

from Bom by its relevant EE coefficient in MJ/Kg unit. The observed differences in 

the values are due to the use of primary energy used in the calculations of primary 

energy consumption from electricity conversion according to the used database 

(Dascalaki, Argiropoulou, Balaras, Droutsa, Kontoyiannidis, 2021). 
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Figure 2.6. EE of different construction materials based on the field surveys and 

national public sources (Dascalaki et al., 2021) 

The values for EE of common materials used mainly in India that includes the spent 

energy for the  extraction of raw material, transportation, and the production of 

material, are based on actual data of surveys. Differences in the EE of materials 

among studies arise from assessment methods and energy supply assumptions in 

terms of end use or primary energy (Praseeda, Reddy, Mani, 2015). 

Table 2.5 EE of burnt clay bricks from some of case studies (Praseeda, Reddy, 

Mani, 2015) 

 

Table 2.6 EE of building materials in the Indian study versus literature data 

(Praseeda et al., 2015) 
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CHAPTER 3  

3 MATERIAL AND METHOD 

This section is devoted to describing two important factors in the design of the 

research: The material and methodology of the study. This chapter presents a 

complete description of the methods of collecting and gathering required 

information, the type of materials assessed, and the methods used to achieve the 

embodied energy of the intended materials in separate sections.  

3.1 Material 

As it will be discussed more in the following sections, the material part encompasses; 

the data and information about the most commonly utilized masonary materials in 

the construction of the exterior walls of buildings in Iran, the data about the required 

quantities of materials based on proportions and construction criteria in Iran, and the 

description of the brick production chain in Tehran.  

3.1.1 Brick Factories 

In order to study the production technology for different types of bricks and measure 

the energy consumed during the production process in Iran, three brick factories were 

visited in Tehran. Two of these factories had similar production processes but due to 

the lack of special devices or meters for measuring the amount of gas and energy 

consumed, their information was not perfectly accurate. The third production plant 

had more precise and detailed information than the previous two factories, and due 

to the popularity of this factory and the abundance and variety of their products, it 

was possible to collect and obtain reliable information. This factory is 3 Km away 
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from clay mines. A complete description of the production cycle of this factory is 

presented in detail below. 

3.1.2 Types of Bricks 

Three types of bricks that have the highest demand in the market were selected to 

be examined in more detail with respect to their embodied energies. These were: 

refractory brick generally used as facing bricks, red clay brick in Iran, , and hollow 

load bearing clay brick, having 10 holes (Figure 3.1). 

i. The size of refractory brick is equal to 20×5.5×2.7 cm. The weight of each 

of these bricks before and after firing is equal to 1.250 and 1.050 Kg, 

respectively. There is a small amount of iron oxide in this type of brick. The 

presence of this substance in brick acts like lime and helps to melt silica at a 

lower temperature and causes the bricks to turn red after burning. This brick 

has recently become very popular in Iran for the facing of exterior walls 

because of their resistance to erosion, cold and hot weather and their light 

weight. 

 

ii. The dimensions of solid red clay bricks are 20×10×5.5 cm. Each red clay 

brick weighs about 2 and 1.750 Kg before and after firing, respectively. 

These bricks are produced in beige to red color range. The color obtained in 

these types of bricks depends on their distance from heat. The bricks that 

have a smaller distance from the heat are lighter and the bricks that are 

arranged at a greater distance from the heat have a darker color. One of the 

most common uses of burnt clay bricks in Iran is the construction of masonry 

walls. 

 

iii. The dimensions of each hollow clay brick is 21×10×5.5 cm. 1.250  Kg and 

1.400 Kg is equal to the weight of each hollow clay brick after and before 



 

 

33 

firing, individually. In the investigated factory, hollow clay bricks are 

produced in beige color. These bricks are used in the construction of roofs 

and walls in Iran.  

 

     

Figure 3.1. Photos taken of refractory bricks (left), red clay bricks (middle), and 

hollow clay bricks (right), produced in the factory 

In addition to the bricks whose data had to be collected from the survey in Iran, three 

other masonary materials, namely clay bricks, cement blocks, AAC blocks, and also 

a drywall were slected for comparison and their data were acquired from the ICE 

database. The description of the size, composition and application of each of these 

materials is described below and their photographs are shown in Figure 3.2 and 

Figure 3.3. 

i. The dimensions of clay bricks mostly utilized in the construction of external 

walls in Iran are equal to 21×10×5.5 cm. The approximate weight of the 

studied clay brick is 2.3 kg. General composition of clay bricks is silica, 

alumina, with varying amounts of iron oxides and other materials that vary 

depending on the type of soil. The most common use of bricks in Iran is to 

build walls, facades, terraces, and also paving. 

ii. The dimensions of common concrete blocks used in the construction of 

external walls in Iran are equal to 40×20×20 cm. Each of the concrete blocks 

weighs about 14 kg. Concrete blocks are mainly composed of cement and 

aggregate, which usually includes sand and gravel. They are widely used in 

building walls throughout Iran. 
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iii. The size of the AAC blocks is 60×20×20 cm. The weight of AAC block is 

549 kg per cubic meter and the volume of each block is equal to 0.024 m3 

according to the dimensions (0.6 m×0.2 m×0.2 m). The general composition 

of these blocks includes silica, cement, lime, aluminum powder, and water. 

These blocks are suitable and widely used for the construction of internal and 

external walls in buildings. 

iv. Regarding the description of the drywall which consists of mineral wool, 

cement panel, and plaster board, it can be stated that mineral wool is cut into 

the desired dimensions, and according to the area of the test wall which is 27 

m2, it can be concluded that the total required area of this material is equal to 

27 square meters which is supplied with a thickness of 10 cm. The mineral 

wool used has a density of 80 kg/m3. Fiber cement panel is used as external 

wall covering. The density of this panel is equal to 1,650 kg/m3. Portland 

cement, trass, cellulose, polyethylene fibers, polyvinyl alcohol fibers, and 

water for mixing cement are the compounds needed to make a cement panel. 

Also plasterboard which is one of the other components of this type of wall, 

is composed of calcium sulfate and water. The density of plasterboard is 

equal to 950 kg/m3. The main use of this type of wall in Iran is in the 

construction of external walls that insulate the interior space.  

 

     

Figure 3.2. Photos of generic clay brick (left), concrete block (middle), 

AAC block (right) 
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Figure 3.3. Drywall configuration 

3.1.3 Test Wall’s Characteristics 

To investigate the embodied energy of the materials used in the construction of 

external walls, a hypothetical wall has been determined as the basis of the study, 

which is assumed to be built with various alternative material configurations. The 

dimensions of the wall are equal to 10 meters in length and the height of one floor, 

i.e., 2.70 meters. In the following sections, according to the construction criteria in 

Iran, the amount of energy consumption of each type of material for wall 

construction and consequently the mortar required for each wall has been determined 

and calculated. 

Five scenarios of load bearing test wall were considered to compare the EE of 

different types of materials. Four of these walls were made with masonry and one 

was a drywall sysem. The comprehensive information about the structures needed to 

build this wall and the materials used has been calculated based on the Iranian 

standard number 2800, fourth edition. Detailed description of each of the scenarios 

related to the test walls using different materials is described below: 
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i. The wall in the first scenario is made of hollow clay bricks produced in a 

factory in Iran. Vertical H-shaped steel studs are used in walls of 4 meters 

and above. In fact, in the test wall, according to this standard, one H-shaped 

stud is used for every 5 meters, which is formed by connecting 2 U-shaped 

studs. Also, 2 U-shaped vertical steel studs are used on the right and left sides 

of the wall. The weight of these studs varies depending on the type of wall 

construction material. In the construction of brick walls, a stud with a size of 

10 and a flange width of 4 cm is used. The weight of each square meter of 

iron sheet forming these beams, which have a thickness of 2 mm, is equal to 

15.6 kg. In the structure of this type of walls, horizontal reinforcing is 

achieved by trusses, which are installed every 1.5 meters. The length of each 

truss is 3 meters and weighs 900 grams. Considering that the height of the 

hypothetical wall is 2.70 meters, as a result, only 1 truss is needed. The 

material of this truss is galvanized steel sheet. In addition to the mentioned 

structure, the main material of this wall is Iran’s hollow clay brick with 

dimensions of 21×10×5.5 cm that weighs 1.250  Kg. The 1:3 cement-sand 

mortar is used in this wall with 1900 Kg/m3 density and 1 cm thickness. 

 

ii. The wall in the second scenario is made of generic clay brick as listed in ICE 

database. Apart from the masonry materials and mortar required to build this 

type of wall, the structure of this wall is similar to the previous wall which 

was made of Iran’s hollow clay bricks. As a result, the EE of the structures 

used in this type of wall is the same as the previous wall. The masonry 

material used in this type of wall is clay brick, the dimensions of which are 

21 × 10 × 5.5 cm, and its weight is 2,300 kg. The mortar used in this wall is 

also 1:3 cement-sand, with 1900 Kg/m3 density and with 1 cm thickness. 

 

iii. The wall in the third scenario is made of concrete blocks. The structure used 

in this type of wall is similar to the previous two walls, with the difference 

that due to the larger dimensions of the concrete blocks, larger dimensions of 
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the studs are also required.  In the structure of the block wall, where the 

thickness of the material is greater, a stud with a size of 20 cm web and a 

flange width of 4 cm is used. The thickness of the iron sheet forming these 

studs is 2 mm, like the beams used in the brick wall, and each square meter 

of this iron sheet weighs 15.6 kg. The masonry material of this wall is 

concrete blocks, the dimensions of which are 40 × 20 × 20 cm. Since the 

weight of these blocks is not mentioned in the ICE database, the weight of 

the concrete blocks used in Iran, which is equivalent to 14 kg, is considered. 

Mortar is the last component that plays a role in the construction of this wall. 

The thickness of the mortar used in the arrangement of these blocks is equal 

to 1.5 cm. This mortar is cement-sand mortar in a ratio of 1 to 3. 

 

iv. The fourth scenario is for the wall made of AAC blocks. In the structure of 

the AAC wall, in addition to the AAC blocks, U-bracket is used as an element 

to connect the blocks to the main structure of the building. The material of 

these brackets is steel. The method of using this structure is such that a 20 

cm bracket is placed after every 3 blocks. Considering the dimensions of 

these blocks, which are 60 × 20 × 20 cm, as a result, these brackets are 

installed every 1.8 meters in length and every 60 cm in height. These 

fasteners are placed on the 4 sides of the wall, which is the wall frame. To 

connect and stick the blocks together, cement sand mortar is used in the ratio 

of 1:5. 

 

v. The wall in the fifth scenario is a drywall system. Despite the difference 

between drywall and other walls, it is one of the popular systems in Iran, and 

for this reason, it has been chosen to calculate the amount of embodied energy 

in this wall and compare it with other walls. The structure of the drywall is 

slightly different from the previous walls. In the structure of this type of wall, 

a vertical profile is used every 60 cm along the length of the wall to connect 

the wall to the skeleton of the building, which is called a stud runner. The 
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material of these profiles is galvanized steel, which are generally sold in 3-

meter pieces, which have more thickness and strength compared to other 

lengths. In the structure of this type of wall, in addition to the vertical profiles, 

stud runners are also used on the 4 sides of the wall, which act like a frame 

to support this wall. Since the length of the test wall is 10 meters, 2 stud 

runners are needed for the top and bottom of the wall, each 10 meters long. 

Also, 2 stud runners with 2.70 meters long are needed for the 2 sides of the 

wall, which are 2.70 meters high. The length of each stud runner is equal to 

3 meters. Each 3-meter profile of these stud runners weighs about 951 grams. 

Mineral wool batts are used as the infill material in these walls. The thickness 

of mineral wool batt is equal to 10 centimeters and has 80 kg/m3 density. In 

the structure of these walls, two other materials should be used, including a 

cement board with a thickness of 1.8 cm for the outer part of the wall and two 

plaster boards each with a thickness of 1.2 cm for the interior of the wall to 

complete the wall. Each cement board is sold in dimensions of 1.2×2.4 meters 

and its weight is equal to 78.3 Kg. Each plaster board is also sold in 1.2×2.4 

meter dimensions and each board weighs about 30 Kg. 

3.2 Method 

The processes in accumulating data, evaluation of the desired components, and 

achievement of the results of this evaluation are all presented in the method section. 

3.2.1 Data Collection 

The information and data of this research were collected through a visit to a brick 

factory in Tehran, the capital city of Iran. At first three brick factories were visited 

and finally Agor factory, which was more reliable and well known was chosen as the 

main source of information collection related to brick production. Also, the people 

working in this factory had more comprehensive knowledge and this makes the 
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information more reliable. The information obtained from this factory was gathered 

during three visits to the mentioned factory. All 3 factories are located in the 

southernmost part of Tehran and outside the city. They are at a short distance from 

clay mines which are the source of the raw material required to make bricks so that 

the amount of transportation between the mine and the factory is minimized.  

The information was collected through interviews with factory management and 

workers. General information, including the number of workers employed, the type 

of bricks produced, the means of transportation used and their fuel, the existing mills 

and the amount of electricity they consume, the type of furnaces and the amount of 

gas they consume have been obtained through interviews with the factory 

management. Also, the workers in the presence of the factory management presented 

information regarding the amount of soil used in each type of brick and the weight 

of different bricks, the dimensions of the bricks, the time required to bake each type 

of brick, the duration of using each of the mills for different amounts of soil, and 

their own working hours. 

All the interviews were audio-recorded and further observations were noted down. 

Photographs have been taken of all stages of brick production inside the factory, 

from the means of transporting soil to grinding it, mixing, molding, filling the kilns, 

lighting the kilns to prepare the bricks for baking, and the operations of the workers. 

Also, in some parts of the factory, a video was taken to record the working time of 

some devices, and then by re-viewing the photos, videos, and recorded sounds, all 

the necessary tips and information were written down. 

In addition to collecting local information related to the production of bricks in a 

factory in Iran, in order to evaluate the embodied energy of common external walls 

in Iran, which includes three masonary materials, namely clay bricks, cement blocks, 

AAC blocks, and also drywall system, the information from the ICE database is used. 

The assessment boundary of this database in the investigated materials is the same 

as the evaluated boundary in the bricks produced in Iran that is from cradle to gate. 
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The number of alternative materials used in each of these types of walls to build the 

test wall was obtained with the help of a structural engineer in Tehran. All the 

structures required for the construction of this wall have been calculated for 

different materials based on Iran's standard No. 2800, 4th edition. According to the 

required number of materials, the total weight of each of the materials used has 

been calculated and by applying the embodied energy coefficient provided by ICE 

Database for each material, the energy of different walls has been calculated.  

3.2.2 Calculation of EE for Bricks  

The EE calculations in this research are done on bricks based on the weight of the 

soil, which is equivalent to the soil used in the production of each brick. Each kiln 

has been selected as an example of other kilns according to its brick capacity, and 

electricity, gas, and energy consumption have been calculated according to the 

weight of the soil for the bricks arranged in the kiln to reach the embodied energy of 

each brick measured in megajoules per kilograms. 

The total amount of energy consumed was obtained by summing up the fuel energy 

for transportation, the electricity used by the mills and the mixer and molding 

machines, the consumed energy from burning gas, and energy expended for manual 

labour. In general, the mentioned factors are among the energy consuming items 

considered in the production line. The calculations in this study are based on the net 

amount of soil, electricity, and gas that are needed in the production chain of bricks. 

The waste is not considered since there was no information about how much the 

gross amount might be. Also, it depends on many factors like workmanship, quality 

of soil, efficiency of power consuming systems, and efficient amount of gas 

consumed. Also in the investigated factory, the workers present in the plant reside 

and live in the same place where they work, therefore, their daily transportation from 

the factory to their homes is eliminated.  
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The details of the calculations performed for the energy calculation method of each 

step involved in the brick production process are as follows: 

i. Transportation energy 

The fuel consumption data of the vehicles used in the production process of the 

selected factory has been taken from the manufacturers catalog of these vehicles. 

This amount of consumption varies depending on the type of machine used and their 

load carrying capacity. The original Persian catalog and its English translation are 

shown in Appendix Table A and Table 3.1, respectively. 

For more accurate calculations of the embodied energy of materials and the closeness 

of these figures to reality, the fuel consumption of all means of transportation 

involved in the brick production process has been considered. Based on the data 

collected from the production site and observations, the fuel consumed in the two 

main vehicles involved in this production is diesel. To calculate the transportation 

energy for each type of brick, first the required weight of soil to fill each kiln is 

calculated. The fuel consumption of the loader is calculated based on the amount of 

load, the duration of use of the loader based on the capacity of the loader, and the 

approximate time of using it to transport the desired amount of soil. As shown in 

equation 3.1 below, the soil capacity of each brick kiln is obtained by multiplying 

the number of bricks by their weight after baking, as the loader transport is for 

grinded soil without the addition of water. 

Soil capacity of each kiln (Kg) = number of bricks ×  Weight of baked bricks (Kg)  

( 3.1) 

Considering that the loading capacity of the loader is equal to 2.35 tons, as a result, 

by dividing the calculated amount of required soil by 2.35, the number of times the 

loader must go to carry the needed amount of soil from the mound of grinded soil to 

enter the factory, is determined by Equation 3.2.  
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The number of loader′s trips =
Amount of required soil (tons)

2.35 tons (capacity of the loader)
   ( 3.2) 

Since each round trip takes approximately 7 minutes, by multiplying the number of 

round trips necessary to deliver the soil to each furnace, the duration of using the 

loader for the soil of each brick is obtained as shown in Equation 3.3. 

Duration of using the loader =  number of loader′s trips ×  7 min (each trip)       (3.3) 

Therefore, in order to calculate the amount of diesel consumed, it is necessary to act 

according to the information provided in Table 3.1. Considering that the amount of 

fuel consumed per hour of work of a loader with a 123-hp engine is equal to 14 liters, 

as a result, the amount of fuel consumed per working time of the loader for 

transporting different soils can be calculated as shown in Equation 3.4. 

Fuel consumption (L) = Duration of using the loader (hr) × 14 (L/hr) ( 3.4) 

Table 3.1 Fuel consumption translated into English (by author); catalog retrieved 

from manufacturers website http://rahdar44.ir. 

 

The energy production capacity of diesel fuel is calculated to be 38 megajoules per 

liter (Soltani et al., 2013). As a result, based on Equation 3.5, to calculate the amount 

of energy consumed by the loader based on megajoules, the amount of fuel consumed 

in liters must be multiplied by a factor of 38 MJ/L to calculate the amount of energy 

obtained from burning the amount of diesel in megajoules. 
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Energy consumed by the loader(MJ) = Fuel consumption (L) × 38 (MJ/L)         ( 3.5) 

To reach the specified unit of EE, which is MJ/Kg, the amount of fuel used for 1 kg 

of soil of each type of brick should be calculated. As a result, the amount of energy 

consumed from diesel fuel should be divided by the total weight of the transported 

soil in order to obtain the amount of embodied energy resulting from transporting 1 

kg of the soil as shown in Equation 3.6. 

EE of transportation (MJ/Kg) =
Energy consumed by the loader(MJ)

Total weight of the transported soil (Kg)
 ( 3.6) 

ii. Electricity Consumption of Mills And Machines 

There are three types of mills and a mixer, a lifting machine, and a press molding 

machine inside the factory that are used for grinding, mixing, and molding soils for 

bricks. Since each of these machines has a different power and electric motor and 

each of the mills is specific to a different type of bricks, as a result, the energy 

consumption of the mills and machines used in the production of each of the bricks 

was examined. 

To calculate the amount of electricity consumed by the mills and machines, the 

number of mills needed for the soil should be considered first, according to the type 

of brick and soil required. Calculations of electricity consumption of these systems 

depend on the duration of their operation. According to the information collected in 

relation to the mills and machines, which states the time required to grind, mix, and 

mold a certain amount of soil, it can be considered as the power of the mill in tons 

per hour unit as shown in Equation 3.7. 

Mills and Machines power (ton/hr) =
Certain amount of soil (ton)

Period of time (hr)
   ( 3.7) 

As a result, by considering the total amount of soil required for different bricks to 

fill each of the kilns, the time required to use each of the mills can be calculated.  
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Time required to use a mill or machin(hr) =  
The total amount of required soil (ton)

Mills power (ton/hr)
      (3.8) 

The energy of each of the mills and machines is supplied by an electric motor. The 

power consumption of electric motors is in horsepower units. In order to convert the 

power of the electric motors into an energy unit, this unit must first be converted 

from horsepower to kilowatts according to Equation 3.9, and then to megajoules, 

each of which has a separate conversion factor (1 hp = 0.7456 kW). 

Energy in hp × 0.7456 = Energy in kilowatts   ( 3.9) 

After converting the power consumption of the mills and machines from horsepower 

unit to kilowatts, the amount of electricity consumed in kilowatts for the period of 

time the machines and mills is used can be obtained based on Equation 3.10. 

Electricity consumption (kWh)

= power of electric motor(kW) × Time required to use a mill (hr) 

( 3.10) 

 Now, in order to be able to reach the unit of embodied energy, i.e., megajoules, the 

amount of consumed electricity in kWh must be converted into megajoules by 

applying equation 3.11.  

Electricity in kWh × 3.6 =  Electricity in Megajoules    ( 3.11) 

After obtaining the amount of energy consumed for the use of each of mills and 

machines in megajoule unit, by dividing the calculated amount of energy by the total 

weight of the soil calculated for the capacity of each kiln, in kilograms, it is possible 

to calculate the embodied energy of each kilogram of soil in the mills and other 

power-consuming machines such as mixer, elevator, and molding machine stage as 

it is shown in Equation 3.12. It should be considered that in calculating the weight 

of the soil to calculate the amount of electricity consumption in different systems in 

the 3 stages of the mills, the weight of the examined soil is considered based on the 

weight of the bricks after baking, which is actually the net weight of the soil without 
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water, but from the mixer stage onwards, the weight of the soil due to the addition 

of water is considered based on the weight of the bricks before firing. 

EE of mills or machines (MJ/Kg)

=
Sum of the energy consumed by the mills or machines(MJ)

Total weight of the grinded, mixed or molded soil (Kg)
 

( 3.12) 

By summing up the energy consumption calculated from the use of each of the 

electrical devices that play a role in the production process of a brick, the 

contribution of that stage to the total embodied energy can be obtained. It should be 

noted that in these calculations, the amount of energy needed to start and stop the 

machines is not taken into account, and this energy is only for grinding the soil, 

mixing it, and molding the bricks. 

iii. Gas Consumption in Kilns for Firing 

There are special kilns for baking each type of bricks, which differ from each other 

in terms of capacity and dimensions. Since the firing of bricks in these kilns is done 

by natural gas, different information and calculations are required for the amount of 

gas used for firing each type of brick. 

Factors involved in the amount of energy caused by burning gas for baking bricks 

include the weight of soil and the amount of gas consumed per a certain weight of 

soil. To calculate the weight of the examined soil at this stage, the number of bricks 

in each furnace must be multiplied by the weight of the bricks before firing, 

because at this stage, after passing through the mills, water has been added to the 

soil and the burned gas is used to bake more weight of soil. 

After this stage, according to the information collected regarding the amount of gas 

consumed for baking bricks of each furnace, the amount of energy consumed can be 

reached. First, the amount of gas consumed per cubic meter must be converted into 

megajoules. According to the 8th step of Iran's Criteria for Energy Consumption and 
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Energy Labeling Instruction, to calculate gas consumption in terms of (kWh), it is 

necessary to multiply the amount of gas consumption by two factors: 0.278 as the 

megajoule to kWh conversion factor and 37.68 as the calorific value of gas (MJ/m3), 

as shown in equation 3.13 or 3.14. 

Energy from gas consumption (kWh)

=  Gas consumption (m3) × 0.278 (kWh/MJ) ×  37.68 (MJ/m3) 

( 3.13) 

Or 

Energy from gas consumption (kWh) =  gas consumption (m3) × 10.475  ( 3.14) 

Then, to obtain the calorific value of each cubic meter of Iran's gas and reach the 

megajoule unit, the amount of gas consumed based on kWh must be multiplied by a 

factor of 3.6 based on equation 3.15. 

Calorific value of each m3 of gas (MJ) = Energy from gas consumption (kWh) × 3.6  

( 3.15) 

Finally, according to the Equation 3.16, by dividing the amount of energy obtained 

from gas burning in megajoules by the total weight of the brick soil of each kiln, the 

share of the embodied energy resulting from this stage can be reached. It should be 

considered that the amount of gas loss is not taken into account in the calculations 

and all the amounts of consumed gas are completely used for baking bricks. 

EE of gas consumption (MJ/Kg) =
Amount of energy obtained from gas burning(MJ)

Total weight of the brick soil of each kiln (Kg)
 

( 3.16) 

iv. Energy Expended by the Workers 

According to the observations obtained from the evidence in the investigated factory, 

the age range of the workers working in this factory is between 20 and 30 years. 

Since the work in the manufacturing factories is considered to be almost heavy work, 
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according to Table 2.1, since the heart rate is between 110 and 129, the average 

energy consumption of each worker is equal to 4.11 kilocalories per minute of work. 

In this study, in order to calculate the energy expended by the workers, the number 

of workers engaged in the production of each type of brick was counted by asking 

the management. After that, the working hours of the workers have been checked. 

According to the information presented in table 2.1 and that the average amount of 

calories expended by each worker in hard labor is equal to 4.11 kilocalories per 

minute, it is possible to obtain the number of calories expended by them during their 

working time. In this way, the duration of their work in minutes should be multiplied 

by the coefficient of the average amount of calories consumed per minute as shown 

in equation 3.17. 

Energy expended by a worker (Kcal) = Duration of a manual work (min) ×

Energy for hard labour (Kcal/min)            ( 3.17) 

Since all the units have been standardized, it is necessary to convert the unit of 

kilocalories to megajoules also, which according to FAO/WHO/UNU, the 

conversion factor of kilocalories to megajoules is equal to 0.004184. In fact, each 

kilocalorie is equal to 0.004184 megajoules. 

Energy expended in MJ =  Energy expended in Kcal ×  0.004184 (MJ/Kcal) 

( 3.18) 

Finally, to calculate the share of embodied energy of this stage, the amount of energy 

expended by the workers in megajoules should be divided by the weight of soil 

required to fill each kiln in Kg. 

EE of manual work by workers (MJ/Kg) =
Energy expended by a worker (MJ) × No.of workers

Total weight of soil required to fill each kiln  (Kg)

                 (3.19) 
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3.2.3 Calculation of EE for Materials in Test Wall 

To calculate the embodied energy of alternative materials in the construction of 

external walls in Iran, the data was first obtained by interviewing a structural 

engineer in Iran. All necessary quantities of materials and other accessories needed 

for construction according to Standard No. 2800, 4th edition of Iran has been 

calculated. This standard is a set of structural rules for the seismic design of 

structures against earthquakes, as well as the rules for masonry buildings.  

It should be considered that the calculation of the embodied energy of each 

component of the wall has been done according to equation 3.20. 

EE of each component = Amount of required component (Kg)  ×

Material′s EE coefficient in (MJ/Kg)                         ( 3.20)  

i. Iran’s Hollow Clay Brick 

Since the trusses are common between all three walls made of Iran’s hollow 

clay brick, comparable to the generic clay brick listed in ICE, and concrete 

block and has the same dimensions and weight, its embodied energy can be 

calculated and then applied to the three walls. The length of the horizontal 

trusses required to be placed in the middle of this wall is equal to 10 meters. 

Since each truss is produced in a length of 3 meters, as a result, 3 units of 3-

meters and one unit of 1-meter are needed for the desired wall. Each 3-meter 

truss weighs about 900 grams, so for 3 3-meter units and one 1-meter unit, 

the total weight will be 3 Kg based on {(3 × 900g) + (1/3 × 900g)}. 

The embodied energy of galvanized steel sheet can be obtained by 

multiplying the amount of required galvanized sheet by its energy coefficient 

in ICE database. The total embodied energy of the trusses in this wall can be 

calculated in this way, according to Equation 3.20. 

Other elements used in this type of wall are studs. The type of studs 

implemented in this type of walls, as mentioned earlier, are 2 U-shaped 

vertical studs and one H-shaped stud. Each square meter of iron sheet 
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forming these studs with a thickness of 2 mm, weighs about 15.6 kg. For the 

structure of this wall, 4 of these studs, each 2.7 meters long, are needed to be 

embedded on both sides of the wall as well as in the middle of the wall. Based 

on ICE database, the embodied energy coefficient of the steel used in these 

studs is equal to 20.1 MJ/Kg, so, the total embodied energy of the steel studs 

applied in this wall can be calculated by multiplying the amount of required 

iron sheet by its energy coefficient in ICE database as it is shown in Equation 

3.20. 

After the installation of the structural materials, it is time to arrange the bricks 

and add mortar. To construct the test wall with Iran’s hollow clay brick, the 

number of required bricks should be calculated.  

To calculate the number of bricks that are required, the following method as 

explained in equation 3.21 and 3.22 should be applied. In this way, the length 

and width of the assumed wall should be divided by the length of the bricks 

plus the thickness of the mortar and the width of the bricks plus the thickness 

of the mortar, respectively. 

Number of required bricks in length =

 
Length of the wall (cm)

Length of the brick (cm)+ Thickness of the mortar(cm)
        ( 3.21) 

 

 Number of required bricks in width =

 
Width of the wall (cm)

Width of the brick (cm)+ Thickness of the mortar (cm)
            ( 3.22) 

 

The total number of bricks needed is calculated by multiplying the number 

of bricks needed in length by the number of bricks required in width as 

shown in equation 3.23. 

 

Total number of required bricks =  Bricks required in length ×

 Bricks required in width            ( 3.23) 
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The weight of each of Iran’s hollow clay brick examined in the studied 

manufacturing plant is equal to 1.250 Kg. 

To calculate the total weight of the bricks used, the required number of bricks 

obtained from equation 3.23 should be multiplied by the weight of each brick 

as shown in equation 3.24. 

Total weight of the bricks (Kg) = Number of bricks used ×

weight of each brick             ( 3.24) 

The embodied energy coefficient of Iran’s hollow clay brick will be 

calculated in results and to obtain the total embodied energy of the hollow 

clay bricks used, the total weight of the bricks should be multiplied by its 

embodied energy factor according to Equation 3.20. 

The last component applied in this structure is the mortar. In order to obtain 

the required volume of this mortar for use in the structure of this wall, the 

number of bricks required with mortar to cover the wall should be subtracted 

from the number of bricks required to cover the wall without using mortar 

based on equation 3.25 and 3.26. The amount of mortar used is calculated 

from the difference between these two. So: 

Number of required bricks in length =  
Length of the wall (cm)

Length of the brick (cm)
  ( 3.25) 

Number of required bricks in width =  
Width of the wall (cm)

Width of the brick (cm)
  ( 3.26) 

The required volume of this mortar is calculated according to Equation 3.27 

which is: 

Required volume of mortar =

(number of required bricks without using mortar −

 number of required bricks with mortar) × volume of a brick      ( 3.27) 

Based on Equation 3.28 and according to the ICE database, considering the 

density of the mortar, which is 1900 Kg/m3, the weight of the mortar used is 

calculated. 

Weight of the mortar = Required volume of mortar × Density of the mortar   

( 3.28) 
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Based on ICE database, the embodied energy coefficient of the 1:3 cement-sand 

mortar is equal to 1.33 MJ/Kg, so, the total embodied energy of the mortar used in 

this wall can be calculated based on Equation 3.20. 

So, the overall embodied energy of this wall is equal to the sum of the embodied 

energy of each component used in its construction, which is equal to: 

Total EE of clay brick wall =  EE of bricks +  EE of trusses +  EE of suds +

 EE of mortar                                                ( 3.29) 

  

ii. Generic clay brick based on ICE database 

Apart from the masonry materials and mortar required to build this type of 

wall, the structure of this wall is similar to the previous wall which was made 

of Iran’s hollow clay bricks. As a result, the EE of the structures used in this 

type of wall is the same as the previous wall. 

To construct the test wall with ICE generic clay brick, the number of required 

bricks should be calculated  using Equation 3.21 and 3.22. The total number 

of required bricks needed is calculated by applying equation 3.23. The weight 

of each of generic clay brick examined based on ICE database is equal to 

2.300 Kg. To calculate the total weight of the bricks Equation 3.24 is used. 

According to the ICE database, The embodied energy coefficient of generic 

clay brick is 3 MJ/Kg and to calculate the total embodied energy of the 

generic clay bricks Equation 3.20 should be applied. 

Mortar is the last component applied in this structure of this wall. Since the 

amount of mortar used depends on the dimensions of the brick, and the 

dimensions of this type of brick are the same as Iran’s hollow clay brick, and 

the thickness of the mortar used in this type of brick is equal to 1 cm of mortar 

and the type of mortar used is 1:3 cement-sand, as a result, the embodied 

energy of the mortar in this wall is equal to the embodied energy of the mortar 

used in the wall made of Iran’s hollow clay brick. So the total embodied 

energy of this wall can be calculated according to Equation 3.29. 
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iii. Concrete block based on ICE database 

The number of trusses used in the structure of this wall is the same as the 

previous two walls made of Iran’s hollow clay brick and generic clay brick. 

As a result, its embodied energy value is the same as the previous two walls, 

and this value is also applied in the calculation of the total energy of this wall. 

As mentioned in the description of the structure of this type of wall, another 

material used in this type of wall is the studs. Each iron sheet to form the stud 

weighs about 15.6 Kg/m2. 4 of these studs are applied in the structure of this 

wall. Based on ICE database, the embodied energy coefficient of the steel 

used in these studs is equal to 20.1 MJ/Kg, as a result, the embodied energy 

of the steel studs used in our test wall can be calculated based on Equation 

3.20. 

The dimensions of the used blocks are equal to 40 × 20 × 20 cm. The number 

of required blocks to construct the test wall is calculated based on Equation 

3.21 and 3.22 and the total number of needed blocks is calculated based on 

Equation 3.23. Each concrete block weighs about 14 kg. To calculate the total 

weight of the used blocks equation 3.24 is applied. 

The embodied energy coefficient of concrete block with 8 MPa Compressive 

Strength is 0.59 MJ/Kg. To calculate the total embodied energy of the 

concrete block, Equation 3.20 should be applied. 

The thickness of the mortar used in the arrangement of these blocks is equal 

to 1.5 cm. This mortar is 1:3 cement-sand mortar. Equations 3.25, 3.26, and 

3.27 should be used to obtain the required volume of this mortar for use in 

the structure of this wall. Based on Equation 3.28 and according to the ICE 

database, considering the density of the mortar, which is 1900 Kg/m3, the 

weight of the mortar used is calculated. 

The embodied energy coefficient of the 1:3 cement-sand mortar is equal to 

1.33 MJ/Kg based on ICE database. Equation 3.20 can be used to calculated 

the total embodied energy of the mortar used in this wall. According to 

Equation 3.29, the total embodied energy of this wall can be calculated. 
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iv. AAC block based on ICE database 

To build this type of wall, the first required component, bracket, is installed 

first. Since each bracket is installed for 3 blocks, considering the length of 

this block is 60 cm, these brackets should be placed every 1.8 meters of 

length. Considering that the length of the test wall is 10 meters, as a result, 5 

brackets are installed for the bottom and 5 brackets for the top of the wall. 

Also, one bracket is placed at the height of the wall for every 3 blocks, i.e., 

every 60 cm of height. So, considering the height of the wall, which is 2.70 

meters, 4 brackets are installed on the left side and 4 brackets on the right 

side of the wall. Thus, the total number of brackets required for the frame of 

this wall is equal to 18. 

Since the length of each bracket is 20 cm, 3.6 meters of brackets are needed 

for 18 brackets. The material of these brackets is steel, and its dimensions 

and weight are equal to the weight of the profiles used in the studs for 

concrete block wall mentioned in previous scenario. Considering the width 

of this profile, which is 0.28 m and the required length, which is 3.6 meters, 

the required area of this steel is equal to 1 square meter. Considering that the 

weight of each square meter of this steel is equal to 15.6 kg, as a result, the 

weight of steel for making brackets is also equal to 15.6 kg. 

Based on the ICE database and considering that the embodied energy 

coefficient of steel is equal to 20.1 MJ/Kg the total embodied energy of steel 

in brackets can be calculated by using Equation 3.20. 

Each block’s dimension is equal to 60 × 20 × 20 cm, so to calculate the 

required number of blocks, calculations can be done according to Equation 

3.21, 3.22, and 3.23. 

The AAC blocks density is 549 Kg/m3 and the volume of each block is equal 

to 0.024 m3 (0.6 × 0.2 × 0.2). Equation 3.30 can be used to calculate the total 

weight of the used blocks. 
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Total weight of the used blocks = number of used blocks ×

volume of each block × Density of the block           ( 3.30) 

According to the ICE database, the embodied energy coefficient for AAC 

block is equal to 3.5 MJ/Kg. To calculate the total embodied energy of the 

AAC block, Equation 3.20 should be applied. 

The thickness of the mortar used in the structure of this wall is equal to 1.5 

cm. This mortar is 1:5 cement-sand mortar. Equations 3.25, 3.26, and 3.27 

should be used to obtain the required volume of this mortar. Based on 

Equation 3.28 and according to the ICE database, considering the density of 

the mortar, which is 1900 Kg/m3, the weight of the mortar used is calculated. 

As presented in the ICE database, the embodied energy coefficient for this 

type of mortar, which is a 1:5 cement-sand type, is 0.97 MJ/Kg. Equation 

3.20 can be used to calculated the total embodied energy of the mortar. 

According to Equation 3.29, the total embodied energy of this wall can be 

calculated. 

 

v. Drywall system based on ICE database 

To calculate the number of middle vertical profiles that are installed every 60 

cm, the length of the 10-meter wall should be divided by 60 cm. As a result, 

about 16 stud runners, each 2.70 meters long, are needed. In addition, 2 stud 

ruuners of 10-meters and 2 stud runners of 2.7-meters are needed for the 

frame of the wall. 

As a result, the total length required for the stud runners to build this wall 

structure is equal to 68.6 meters {(2 × 10 meters) + (16 × 2.7 meters) + (2 × 

2.7 meters)}. 

The weight of each 3-meter stud runner is equal to 951 grams, so 23 of these 

profiles will weigh 21.87 kg. The material of stud runners is galvanized steel 

and Embodied energy of galvanized steel sheet according to ICE is equal to 

22.6 MJ/Kg. The embodied energy of the galvanized steel sheet used in our 

test wall can be calculated based on Equation 3.20. 
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Bearing in mind that the volume of mineral wool that we needed to build this 

wall is equal to 2.7 m3 (10 × 2.7 × 0.1), and since the density of this material 

is 80 Kg/m3, as a result, this volume will weigh 216 kg (2.7 m3 × 80 Kg/m3). 

The embodied energy coefficient of mineral wool according to ICE database 

is equal to 16.6 MJ/Kg. Equation 3.20 can be used to calculate the embodied 

energy of the used mineral wool. The number of required plasterboard and 

cemenet boards can be obtained by using Equation 3.31. 

 

 Number of required plasterboard or cemenet boards =

Area of the test wall (m2)

Area of each plaster board or cement board (m2)
  

(3.31) 

The weight of the used cement boards or plasterboards can be calculated 

according to Equation 3.32. 

 

Weight of the used boards

= Required number of boards × Weigh of each board 

             (3.32) 

The embodied energy coefficient of cement board and plasterboard 

according to ICE database is 10.40 MJ/K, 6.75 MJ/Kg, respectively. 

Equation 3.20 can be used to calculate the embodied energy of the used 

boards. 

3.2.4 Implementation of the Steps Involved in LCA 

As mentioned in the literature review section, the assessment of the whole or part of 

the life cycle of materials requires the examination of 4 stages, which are cited in 

ISO 14040:2006. These are defining the goals and scope; analysing the invetory; 

assessing the life cycle impacts; and interpreting the results. In the following 

sections, each of these 4 steps have been explained separately.  
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3.2.4.1 Goal and Scope Definition Stage 

The goals and scope of this research are discussed separately below.  

− Evaluating the primary embodied energy in the production of the most widely 

used type of bricks in Iran and the widely used materials in the construction 

of external walls of buildings is the main goal and scope of this research. 

− Obtaining the embodied energy of the clay bricks, concrete blocks, AAC 

blocks, and the drywall system used in the construction of external walls in 

Iran, according to the amount of material utilized and applying the 

coefficients of each material based on the ICE database. 

− In order to compare the results obtained from the investigations and 

evaluations, the MJ/Kg unit has been chosen as the common unit of 

measurement. 

− Among the different stages during the lifetime of materials, the cradle to gate 

which is the production stage of materials has been chosen as the main 

boundary of this research. The examined steps and evaluation units related to 

each step are categorized in Table 3.2. The investigated factories were built 

at a distance of 3 km from the clay sources, so the distance to transport the 

soil from the mines to the factory was very small and ignored. In the process 

of gathering information, the only stage that the manager and workers of the 

factory did not have information about was the soil extraction stage because 

in Iran the extraction process is done by government teams and the brick 

manufacturers buy the soil from them. For this reason, the energy of that 

stage of the production process was not include. 
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Table 3.2 The examined steps and evaluation units related to the LCA of each step 

of brick production 

The examined process Units 

Transportation MJ/kg 

Material production process MJ/kg 

Labor work power Kcal and MJ/Kg 

 

3.2.4.2 Inventory Analysis Stage 

To fulfil the life cycle assessment of examined materials two sets of data sources are 

relied on. The first source is the the Inventory of Carbon and Energy (ICE) V2.0 

database, which was launched in Jan 2011 and is the most acceptable free database 

for embodied energy and embodied carbon; while the second source is the local 

factory from where information and data were collected through meetings with the 

production engineer/ factory manager/ workers, during the site and factory visits. 

The cases examined in ICE database include mining, construction and production, 

and the cases examined in the visit of the brick factory include production and 

construction, transportation, and labor (manpower). The calculations made to reach 

the results were obtained by multiplying the amount of materials used in the 

construction of the test external wall by the coefficients provided by the ICE 

database. These calculations include both these computations and other necessary 

formulas mentioned in literature review section. 

3.2.4.3 The Impact Assessment Stage 

For the impact assessment stage, after calculating the amount of energy consumed 

in each of the stages of producing the examined bricks, in order to reach the final 

embodied energy, all the energies spent in the production of each type of brick were 

summed together. After reaching a final number for the embodied energy of each of 
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the bricks, they can be compared from the energy consumption point of view of in 

the production process. It is also possible to compare the share of energy consumed 

in each of the production stages with other stages in order to understand which of the 

production processes play the greatest role in increasing the embodied energy of a 

brick. 

Also, in comparing the test wall with different materials, in addition to comparing 

the overall EE of the walls with each other, it is possible to understand the most 

important factor in increasing the embodied energy of a wall. 

The results obtained from the environmental impact assessment which is related to 

the embodied energy of the studied material are described with more detailed and 

complete explanations in Chapter 4. 

 

3.2.4.4 Interpretation Stage 

At this stage the way of interpreting the results is described, i.e. what data was taken 

into considerations, which stages of EE were taken into consideration, and which 

sort of environmental impacts were considered,  

Section 5 discusses and interprets the outcomes achieved by carrying out the LCA 

method. The results were compared and the reasons for the differences and factors 

affecting each of the outcomes were interpreted. 
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CHAPTER 4  

4 RESULTS 

The results of all the equations and calculations performed on the information 

collected from the visited site as well as the calculations performed on the types of 

wall materials and as a result of obtaining their embodied energy are presented in 

detail in this section. 

4.1 Calculation of Transportation Energy 

Since the transportation of materials by different means of transportation plays an 

important role in the production of materials and due to the consumption of different 

fuels, the amount of energy consumed affects the amount of total energy, for this 

reason, in the following sections, all the calculations related to transportation 

materials and, of course, the amount of fuel consumed will be calculated for this 

operation. According to the information collected in the first stage, which is the stage 

of mining and transferring clay from the sources to the factory, this transportation is 

done by 24-ton trucks. Another utilized vehicle which is illustrated in Figure 4.1, is 

a loader capable of carrying two tons of material, which is used inside the factory to 

move soil and materials from storage to mills. 
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Figure 4.1. Loader machine with the ability to carry 2.5 tons inside the site to move 

soil 

The highest density of dry clay by considering the optimized moisture, is 1.573 

gm/cm3 (Gupta, R. C et al., 2012). In order for the units to be unified and to be able 

to be included in the calculations, the amount in kg/m3 is equal to 1573 kg/m3. 

The most used means of transportation, the loader HWL65-1 was used inside the 

factory site. The most important technical specifications of this loader are shown in 

Table 4.1. It has a soil carrying capacity of 1.8 cubic meters and has a power of about 

123 horsepower. Usually, 1.5 cubic meters of the tank volume is filled in each 

transfer. According to the catalog presented in the Table 3.1, the loader with 123 

horsepower is placed in the second category, which consumes about 14 liters of 

diesel per hour of work. Considering that each cubic meter of clay is equivalent to 

1573 kg (Gupta, R. C et al., 2012), so the loader with the ability to carry 1.5 cubic 

meters of soil is equivalent to 2.35 tons of soil. Each round trip from the mill located 

in the workshop area to the internal mills takes about 7 minutes. This time is 

necessary for calculating the amount of time the loader works and, as a result, fuel 

consumption. 
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Table 4.1 Technical specifications of HWL65-1 loader retrieved from 

http://hepcoir.com 

 

 

4.1.1 Refractory Bricks 

The size of refractory brick is equal to 20×5.5×2.7 cm and its weight is equal to 1.250 

and 1.050 Kg before and after firing respectively. Based on Equation 3.1, the soil 

capacity of refractory brick kiln is: 

Soil capacity of refractory brick kiln (Kg)=11000× 1.050(Kg) = 11550 Kg 

The number of loader trips to transport 11.550 tons of soil is calculated according to 

Equation 3.2 

The number of loader′s trips =
11550

2.35 tons 
 ≈ 5 times 

Based on Equation 3.3, the duration of operation of the loader to carry 11.55 tons 

of soil: 

Duration of using the loader =  5 ×  7 min (each trip) = 35 min 
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Based on Equation 3.4, the amount of fuel consumption during the operation of the 

loader: 

Fuel consumption (L) = 0.58 (hr) × 14 (L/hr)  = 8.12 L 

Since the energy production capacity of diesel fuel is calculated to be 38 megajoules 

per liter (Soltani et al., 2013), So Equation 3.5 is used to convert loader’s fuel 

consumption to energy unit (MJ). So: 

Energy consumed by the loader(MJ) = 8.12 (L) × 38 (MJ/L) = 308.56 MJ 

Equation 3.6 is used to obtain the EE resulting from transportation of soil for 

refractory brick. So: 

EE of transportation (MJ/Kg) =
308.56

11550 (Kg)
=  0.02 (MJ/Kg) 

As a result, 0.02 megajoules of energy is used to trasnport per kilogram of soil. By 

multiplying the obtained number by the weight of each baked brick, the amount of 

transportation energy consumed for 1 unit is obtained. as a result: 

0.02 (MJ/Kg) × 1.050 Kg = 0.021 

In conclusion, 0.021 megajoules of energy is consumed to transfer each refractory 

brick that weighs about 1.05 kg. 

4.1.2 Red Clay Bricks 

20 x 10 x 5.5 cm are the dimensions of studied red clay bricks. Each red clay brick 

weighs about 2 and 1.750 Kg before and after firing respectively. Each red clay brick 

kiln holds 16,000 bricks. Based on Equation 3.1, the soil capacity of red clay brick 

kiln is: 

Soil capacity of red clay brick kiln (Kg)=16000× 1.750(Kg) = 28000 Kg or 28 ton 

The number of loader trips to transport 28 tons of soil is calculated according to 

Equation 3.2 
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The number of loader′s trips =
28

2.35 tons 
 ≈ 12 times 

Based on Equation 3.3, the duration of operation of the loader to carry 28 tons of 

soil: 

Duration of using the loader =  12 ×  7 min (each trip) = 84 min or 1.4 hr 

Based on Equation 3.4, the amount of fuel consumption during the operation of the 

loader: 

Fuel consumption (L) = 1.4 (hr) × 14 (L/hr)  = 19.6 L 

Equation 3.5 is used to convert loader’s fuel consumption to energy unit (MJ). So: 

Energy consumed by the loader(MJ) = 19.6 (L) × 38 (MJ/L) = 744.8 MJ 

Equation 3.6 is used to obtain the EE resulting from transportation of soil for red 

clay brick. So: 

EE of transportation (MJ/Kg) =
744.8

28000 (Kg)
=  0.02 (MJ/Kg) 

As a result, 0.02 megajoules of energy is used to trasnport per kilogram of soil. So 

the amount of transportation energy consumed for 1 unit of red clay brick is: 

0.02 (MJ/Kg) × 1.750 Kg = 0.035 

So, 0.035 megajoules of energy is consumed to transfer each red clay brick that 

weighs about 1.750 kg. 

4.1.3 Hollow Clay Bricks 

The dimension of each hollow clay brick is 21×10×5.5 cm. 1.250  Kg and 1.400 Kg 

is equal to the weight of each hollow clay brick after and before firing, individually. 

Like the red clay brick kiln, each hollow clay brick kiln has a capacity of 16,000 

bricks. Based on Equation 3.1, the soil capacity of hollow clay brick kiln is: 

Soil capacity of hollow clay brick kiln (Kg)=16000× 1.250(Kg) = 20000 Kg or 20 ton 
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The number of loader trips to transport 20 tons of soil is calculated according to 

Equation 3.2 

The number of loader′s trips =
20

2.35 tons 
 ≈ 9 times 

Based on Equation 3.3, the duration of operation of the loader to carry 20 tons of 

soil: 

Duration of using the loader =  9 ×  7 min (each trip) = 63 min or 1.05 hr 

Based on Equation 3.4, the amount of fuel consumption during the operation of the 

loader: 

Fuel consumption (L) = 1.05 (hr) × 14 (L/hr)  = 14.7 L 

Equation 3.5 is used to convert loader’s fuel consumption to energy unit (MJ). So: 

Energy consumed by the loader(MJ) = 14.7 (L) × 38 (MJ/L) = 558.6 MJ 

Equation 3.6 is used to obtain the EE resulting from transportation of soil for hollow 

clay brick. So: 

EE of transportation (MJ/Kg) =
558.6

20000 (Kg)
=  0.02 (MJ/Kg) 

As a result, 0.02 megajoules of energy is used to trasnport per kilogram of soil. So 

the amount of transportation energy consumed for 1 unit of hollow clay brick is: 

0.02 (MJ/Kg) × 1.250 Kg = 0.025 

So, 0.025 megajoules of energy is consumed to transfer each hollow clay brick that 

weighs about 1.250 kg. 

4.2 Specifications of Mills 

There are 3 different types of mills for grinding and crushing the small stones and 

soil used in this factory, each of which is used depending on the type of brick 

produced. Depending on the capacity of the mill and the softness and hardness of the 
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required soil, electric motors with different power are used in mills. The first mill 

which is presented in Figure 4.2 is a hammer mill that works to crush the soil with a 

75-horsepower electric motor. This machine grinds 50 tons of soil in 3 hours. The 

predominant dimensions of the first stage of gravel mills are 40×40×40 cubic 

millimeters.  The result of this level of grinding is presented in Figure 4.3. This mill 

is used in the production of refractory brick. 

 

  

Figure 4.2. First Mill System to grind and crush the boulders into smaller pieces for the 

refractory brick 

 

Figure 4.3. The results of the first level of grinding 

The finely ground soils are transferred to the second mill which is called the Blade 

Gear Mill, to be crushed further into powder. The mill is located indoors and is 

powered by an electric motor with a strength of 75-horsepower. This mill machine 

can grind 10 tons of soil in 2 hours. Figure 4.4 presents the whole of this mill and 

the transfer rail of soil from this mill. 
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Figure 4.4. Second mill system to grind and crush the rubble into smaller pieces for 

the refractory brick 

The third type of mills is shown in Figure 4.5. This mill is powered by a 40 hp electric 

motor. It grinds 50 tons of soil in about 8 hours. As shown in Figure 4.6, the soil is 

poured into the mill through a gate. The resulting mill soil is collected under the 

system as presented in Figure 4.7. 
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Figure 4.5. Third type of Grinding systems with 40 hp electric motor 

 

Figure 4.6. The path of soil entry to the mill system 

 

Figure 4.7. Milled soil obtained from third mill system 
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4.3 Brickmaking stage 

After the grinding stages, the resulting soil is stored, and water is added equal to 

3% of the soil weight to go under the press machine. After adding water to the 

soil, as illustrated in Figure 4.8, it enters the mixer where it is homogenized. This 

machine has a 15 hp electric motor. This device homogenizes 5 tons of soil in 1 

hour. In the last stage, the homogenized soil enters the tank of the pressing 

machine by the lifting device shown in Figure 4.9. The lifting machine has a 2 

hp electric motor. 

 

Figure 4.8. Mixer and soil homogenizer system 

 

Figure 4.9. Lifting system for transferring grinded and moist soil to the molding 

machine 
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The next step after all the mills that are common between the three types of bricks 

is the molding stage by the press molding machine. The press machine shown in 

Figure 4.10, with a pressure of 250 tons per square meter, produces 10,000 bricks 

per day in 8 hours. The press machine has an electric motor of 20 hp. The final 

product of the press machine shown in Figure 4.11 are transferred to the kilns by 

workers on handwheels and stacked there to be baked. 

 

Figure 4.10. Molding press machine 

 

Figure 4.11. Facing refractory bricks produced from compression molding machine 
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After baking and cooling, the bricks are transferred by workers to the packaging 

machine to be prepared for sale to customers (Figure 4.12). The function of the 

packaging machine, shown in Figure 4.13, is that baked bricks are transferred to this 

machine after cooling down from the kilns. These bricks are arranged in multiple 

packages and are guided by the rail in the machine from inside the blue box to the 

outside of the machine. Inside the blue box, the entered bricks are covered with 

plastic covers and ready for distribution and sale. This machine has a low power 

consumption because it is powered by an electric motor with a power of 3 hp and its 

use time is negligible. 

 

Figure 4.12. Transferring baked bricks to the packaging machine by workers 

 

Figure 4.13. Packaging machine 
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4.4 Electricity Consumption of Mills 

There are three types of mills inside the factory that are used for grinding soils. Each 

of the mills has a different power and electric motor and as a result, the energy 

consumption of the mills used in the production of each of the bricks will be 

examined. The softness and rigidity of the soil required to produce any type of bricks 

causes the difference in the mills used and the power of these machines.  

4.4.1 Refractory Bricks 

• Level 1 

To produce this type of brick, the soil must go through 3 stages of grinding. The first 

mill required in the production process of this brick is a hammer mill that works with 

a 75-horsepower electric motor that has been illustrated in Figure 4.2. 50 tons of soil 

can be grinded in 3 hours with this mill. 

In order to fill a refractory brick kiln 11,550 Kg of soil must be grinded (11,000 

×1.050 kg = 11,550 kg / 11.550 tons of soil). Since this mill grinds 50 tons of soil 

every 3 hours, the mills power is calculated based on Equation 3.7. So: 

Mills and Machines power (ton/hr) =
50 (tons)

3 (hr)
=  16.7 (ton/hr) 

As a result 16.7 tons of soil is ground every hour, so based on Equation 3.8, time 

required to use a mill is: 

Time required to use a mill or machin(hr) =  
11.550 (ton)

16.7 (
ton
hr

)
= 0.69 hr or 41 min 

In order to convert the power of the electro motor of the mill into an energy unit, this 

unit must first be converted from horsepower to kilowatts-hour based on Equation 

3.9. So: 

75 hp × 0.7456 = 55.92 ≈  56 kWh 
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The amount of electricity consumption during the time that a mill works to grind the 

required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   56 (kW) × 0.69 (hr) =  38.64 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟑𝟖. 𝟔𝟒 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟏𝟑𝟗. 𝟏𝟎𝟒 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

• Level 2 

After first step of grinding, the fine soils are accumulated to enter the second mill 

cycle that was shown in Figure 4.4. 11,550 Kg of soil must be grinded. This mill has 

a 75-horsepower electric motor and grinds 10 tons of soil in 2 hours, the mill’s power 

is calculated based on Equation 3.7. So:This mill also. 

Mills and Machines power (ton/hr) =
10 (tons)

2 (hr)
=  5 (ton/hr) 

As a result 5 tons of soil is ground in 1 hour, so based on Equation 3.8, time required 

to use a mill is: 

Time required to use a mill or machin(hr) =  
11.550 (ton)

5 (
ton
hr

)
= 2.31 hr or 138 min 

In order to convert the power of the electro motor of the mill into an energy unit, this 

unit must first be converted from horsepower to kilowatts-hour based on Equation 

3.9. So: 

75 hp × 0.7456 = 55.92 ≈  56 kWh 

The amount of electricity consumption during the time that a mill works to grind the 

required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   56 (kW) × 2.31 (hr) =  129.36 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 
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𝟏𝟐𝟗. 𝟑𝟔 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟒𝟔𝟓. 𝟔𝟗𝟔 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

• Level 3 

After grinding the second stage, the resulting soil is stored, and water is added to the 

soil to go under the press machine. After adding moisture to soil, as illustrated in 

Figure 4.8, it enters the mixer to homogenize the soil. This machine has a 15 hp 

electric motor. This device homogenizes 5 tons of soil in 1 hour. Since the weight of 

each brick after adding moisture is equal to 1.250 kg, as a result, at this stage, the 

weight of the soil to be mixed for 11,000 bricks is equal to 13,750 kg. 

Mills and Machines power (ton/hr) =
5 (tons)

1 (hr)
=  5 (ton/hr) 

As a result 5 tons of soil is mixed in 1 hour, so based on Equation 3.8, time required 

to use a mixer is: 

Time required to use a mill or machin(hr) =  
13.750 (ton)

5 (
ton
hr

)
= 2.75 hr or 165 min 

In order to convert the power of the electro motor of the mixer into an energy unit, 

this unit must first be converted from horsepower to kilowatts-hour based on 

Equation 3.9. So: 

15 hp × 0.7456 = 11.18 kWh 

The amount of electricity consumption during the time that a mixer works to mix the 

required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   11.18 (kW) × 2.75 (hr) =  30.74 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟑𝟎. 𝟕𝟒 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟏𝟏𝟎. 𝟔𝟔 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

• Level 4 
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In the last stage, the homogenized soil enters the tank of the pressing machine by the 

lifting device shown in Figure 4.9. The lifting machine has a 2hp electric motor.  

Since the lifting device is connected to the molding press machine, then the number 

of working hours and their output are also equal. The press machine can mold 10,000 

bricks every 8 hours and it’s power is calculated according to Equation 3.7. As a 

result, according to the weight of each wet brick mold which is 1,250 kg, 12.500 tons 

of soil is moved by the lifting device every 8 hours but considering that for filling a 

kiln, 11,000 bricks is needed, so 13,750 tons of soil must be transported by lifitng 

device, which according to Equation 3.8, takes 8 hours and 48 minutes to move this 

amount of soil.  

Mills and Machines power (ton/hr) =
12.5 (tons)

8 (hr)
=  1.56 (ton/hr) 

As a result 1.56 tons of soil is mixed in 1 hour, so based on Equation 3.8, time 

required to use a lifting device is: 

Time required to use a mill or machin(hr) =  
13.750 (ton)

1.56 (
ton
hr

)
= 8.81 hr or 528 min 

In order to convert the power of the electro motor of the lifting device into an energy 

unit, this unit must first be converted from horsepower to kilowatts-hour based on 

Equation 3.9. So: 

2 hp × 0.7456 = 1.50 kWh 

The amount of electricity consumption during the time that a lifting device works to 

lift required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   1.50 (kW) × 8.81 (hr) =  13.2 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟏𝟑. 𝟐 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟒𝟕. 𝟓𝟐 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 
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As mentioned above, the lifting machine and the molding press machine are 

connected to each other as illustrated in Figure 4.10. As a result, the press machine 

that makes 10,000 molds every 8 hours, which takes 528 minutes or 8 hours and 48 

minutes to mold 11,000 bricks, each weighing 1.250 kg.  

In order to convert the power of the electro motor of the molding machine into an 

energy unit, this unit must first be converted from horsepower to kilowatts-hour 

based on Equation 3.9. So: 

20 hp × 0.7456 = 14.91 kWh 

The amount of electricity consumption during the time that a molding machine works 

to mold required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   14.91 (kW) × 8.81 (hr) =  131.3 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟏𝟑𝟏. 𝟑 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟒𝟕𝟐. 𝟔𝟖 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

4.4.2 Red Clay Bricks 

In the production process of red clay brick, the soil must go through 1 stage of 

grinding which was shown in Figure 4.5. This mill system can grind 50 tons of soil 

in 8 hours, so: 

Mills and Machines power (ton/hr) =
50 (tons)

8 (hr)
=  6.25 (ton/hr) 

As a result 6.25 tons of soil is mixed in 1 hour. Since 16000 bricks that each weighs 

1.750 kg must be grinded, so based on Equation 3.8, time required to use the mill to 

grind 28 tons of soil is: 

Time required to use a mill or machin(hr) =  
28 (ton)

6.25 (
ton
hr

)
= 4.48 hr or 269 min 
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The mill works with a 40 hp electric motor. In order to convert the power of the 

electro motor of the mixer into an energy unit, this unit must first be converted from 

horsepower to kilowatts-hour based on Equation 3.9. So: 

40 hp × 0.7456 = 29.82 kWh 

The amount of electricity consumption during the time that a mixer works to mix the 

required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   29.82 (kW) × 4.48 (hr) =  133.59 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟏𝟑𝟑. 𝟓𝟗 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟒𝟖𝟎. 𝟗𝟐 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

The process of combining and molding this model of bricks is done in a traditional 

way without the intervention of any device and by workers, and this energy will be 

calculated in the section of energy consumed by workers. After molding, these 

bricks are arranged by the workers in the kilns and are prepared for being fired by 

transferring gas into the kilns. Every 8 working hours, 700 brick molds are 

produced by the workers every day. 

4.4.3 Hollow Clay Bricks 

In order to fill a hollow clay brick kiln 20 tons of soil must be grinded (16,000 ×1.250 

kg = 20,000 kg / 20 tons of soil).  

• Level 1 

The soil for this brick is grinded with the same mill that was mentioned to be used 

in the production of red clay bricks (Figure 4.5). As mentioned, 50 tons of soil can 

be ground by this mill in 8 hours, which is equal to 6.25 tons per 1 hour  according 

to Equation 3.7, so: 
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Mills and Machines power (ton/hr) =
50 (tons)

8 (hr)
=  6.25 (ton/hr) 

6.25 tons of soil is mixed in 1 hour. Since 20 tons of soil must be grinded, so based 

on Equation 3.8, time required to use the mill to grind 20 tons of soil is: 

Time required to use a mill or machin(hr) =  
20 (ton)

6.25 (
ton
hr

)
= 3.2 hr or 192 min 

The mill works with a 40 hp electric motor. In order to convert the power of the 

electro motor of the mixer into an energy unit, this unit must first be converted from 

horsepower to kilowatts-hour based on Equation 3.9. So: 

40 hp × 0.7456 = 29.82 kWh 

The amount of electricity consumption during the time that a mixer works to mix the 

required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   29.82 (kW) × 3.2 (hr) =  95.42 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

Equation 3.11 is used so: 

𝟗𝟓. 𝟒𝟐 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟑𝟒𝟑. 𝟓𝟏 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

• Level 2 

In the next step, moisture is added to this soil like a refractory brick, and then it enters 

the mixer. One 15 hp electric motor supplies energy to this device. 5 tons of soil can 

be homogenized in 1 hour. Since the weight of each brick after adding moisture is 

equal to 1.400 kg, as a result, at this stage, the weight of the soil to be grinded for 

16,000 bricks is 22,400 kg (16,000 ×1.400 kg = 22,400 kg or 22.4 tons). Based on 

Equation 3.7, the power of the mixer is: 

Mills and Machines power (ton/hr) =
5 (tons)

1 (hr)
=  5 (ton/hr) 

So 5 tons of soil is mixed in 1 hour, so based on Equation 3.8, time required to use a 

mixer is: 
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Time required to use a mill or machin(hr) =  
22.4 (ton)

5 (
ton
hr

)
= 4.48 hr or 269 min 

In order to convert the power of the electro motor of the mixer into an energy unit, 

this unit must first be converted from horsepower to kilowatts-hour based on 

Equation 3.9. So: 

15 hp × 0.7456 = 11.18 kWh 

The amount of electricity consumption during the time that a mixer works to mix the 

required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   11.18 (kW) × 4.48 (hr) =  50.08 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

Equation 3.11 is used so: 

𝟓𝟎. 𝟎𝟖 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟏𝟖𝟎. 𝟐𝟖 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

• Level 3 

Finally, the soil that has been homogenized enters the tank of the press machine 

through the lifting device. The lifting machine and the press machine can lift and 

mold 10,000 bricks every 8 hours.  each wet brick mold weights 1,400 kg, so 14 tons 

of soil is transferred by the elevator every 8 hours. 

Mills and Machines power (ton/hr) =
14 (tons)

8 (hr)
=  1.75 (ton/hr) 

As a result 1.75 tons of soil is mixed in 1 hour, so based on Equation 3.8, time 

required to use a lifting device to lift 22.4 tons of soil (16000×1.400) is: 

Time required to use a mill or machin(hr) =  
22.4 (ton)

1.75 (
ton
hr

)
= 12.8 hr or 768 min 

In order to convert the power of the electro motor of the lifting device into an energy 

unit, this unit must first be converted from horsepower to kilowatts-hour based on 

Equation 3.9. So: 
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2 hp × 0.7456 = 1.50 kWh 

The amount of electricity consumption during the time that a lifting device works to 

lift required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   1.50 (kW) × 12.8 (hr) =  19.2 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟏𝟗. 𝟐 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟔𝟗. 𝟏𝟐 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

The press machine same as the lifting device has to work for 12.8 hours to mold 

10000 bricks. According to Equation 3.9, the power of the electro motor of the 

molding machine is: 

20 hp × 0.7456 = 14.91 kWh 

The amount of electricity consumption during the time that a molding machine works 

to mold required amount of soil is calculated based on Equation 3.10. So: 

Electricity consumption (kWh) =   14.91 (kW) × 12.8 (hr) =  190.84 kWh 

In order to convert the electricity consumption to the unit of EE which is megajoules 

equation 3.11 is used so: 

𝟏𝟗𝟎. 𝟖𝟒 𝐤𝐖𝐡 × 𝟑. 𝟔 =  𝟔𝟖𝟕. 𝟎𝟐 𝐌𝐞𝐠𝐚𝐣𝐨𝐮𝐥𝐞𝐬 

4.5 Specifications of Kilns 

The manufacturing plant under investigation has 9 kilns, of which 6 kilns are for 

refractory bricks and 3 kilns are for red clay bricks and hollow clay bricks. Each of 

these kilns has its own dimensions, capacity and temperature characteristics, which 

are different depending on the type of brick and its firing. In the following, more 

characteristics of each of these types of kilns are described in detail. A significant 

point regarding the kilns is that the bricks are fired with natural gas in all kilns and 

the gas is injected into the kilns through appropriate pipelines as it is illustrated in 
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Figure 4.14. The Kilns are with fixed fire and the indoor air and smoke rises from 

the sides of the bricks arranged in the kiln and causes the bricks to bake. The work 

of these kilns is not continuous and after the clays are baked and turned into bricks, 

the workers open the entrance of the oven and wait for the bricks inside the oven to 

cool down. The end part of the kiln is covered, so that the gas of the kiln does not 

escape from the space and is sucked from the bottom of the kiln, so the hot gas returns 

its heat to the clay arranged in the kiln and by performing this the heat of the kiln gas 

is not wasted and the bricks are made the same and homogenized. 

 

Figure.4.14. Gas injection through gas pipelines 

i. Refractory Bricks’ Kilns 

The temperature of the kilns used to fire refractory bricks is equal to 1150 degrees 

Celsius. The dimensions of these kilns are 4, 2.8, and 1.80 meters, respectively, in 

length, width, and height. The capacity of each refractory brick kiln is equal to 

11,000 brick molds. Each of these kilns are occupied 4 days a week for baking and 

3 days for cooling, emptying or arranging. Each kiln produces 44,000 bricks per 
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month, and with 6 furnaces for refractory bricks, 264,000 bricks produced per month. 

Since the production capacity of each furnace in one week is equal to 11,000 bricks, 

as a result, each furnace produces 44,000 bricks in 1 month or 4 weeks. With 6 such 

kilns, the refractory production capacity of this factory is equal to 264,000 molds per 

month. Each refractory brick kiln consumes 3,000 cubic meters of gas in 4 days. 

Each kiln is lit four times a month. Each kiln produces 44,000 bricks per month, and 

with 6 kilns for refractory bricks, 264,000 bricks are produced per month. One of 

this kind of kilns is shown in Figure 4.15. 

 

Figure 4.15. Stacking refractory bricks by labors in the kiln 

ii. Red Clay and Hollow Clay Bricks’ Kilns 

The red clay and hollow clay bricks are baked in the same kilns, but not concurrently. 

The dimensions of these kilns in terms of length, width and height are 6.0, 1.8, and 

2.0 meters respectively. The temperature of the kilns used to fire red clay bricks as 

well as the  hollow clay bricks was 900 degrees Celsius. To bake any type of red 

solid or hollow clay bricks, the kilns must be lit for 3 days, and the remaining 4 days 
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of the week are spent for cooling the bricks, emptying, and arranging them. The 

capacity of each of these kilns is equal to 16,000 brick molds and since each kiln is 

lit four times a month, 64,000 bricks are produced from each kiln monthly. 

Considering that 3 kilns are used for baking the red clay bricks, the monthly 

production of this type of brick is equal to 192,000 molds. 1,000 cubic meters of gas 

is consumed in 3 days of baking bricks. The photos taken of the arrangement of 

hollow clay bricks and red clay bricks in these kilns are shown in Figures 4.16 and 

4.17, respectively. 

 

  

Figure 4.16. Stacked hollow clay bricks in kiln 
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Figure 4.17. Arrangement of red clay bricks in the kiln 

The type of gas transfer inside this type of kiln is through burner in the center of 

the kilns, in which heat is transferred in a circular manner inside the furnace. In 

this type of kilns, the arrangement is such that the bricks are baked depending on 

their distance from the heat flame, and the heat passes through the bricks 

rotationally. 

  

Figure 4.18. Gas burner in the center of the kiln. 
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4.6 Gas Consumption in Kilns for Firing 

Each of these kilns consume different amounts of gas to fire the bricks placed inside 

them, depending on the type and number of bricks. In the following, the 

interpretation and calculation of the gas consumption in the production of each type 

of bricks under consideration will be discussed. 

4.6.1 Refractory Bricks 

As mentioned before, 11,000 refractory brick molds is bakes insided each kiln . 3000 

cubic meters of gas is used to fire 11,000 bricks.  

In order to calculate gas consumption in terms of (kWh) Equation 3.13 or 3.14 must 

be used. So: 

Energy from gas consumption (kWh) =  3000 (m3) × 0.278 (kWh/MJ) ×  37.68 (MJ/

m3)= 31,425 kWh 

Then, to obtain the calorific value of each cubic meter of Iran's gas and reach the 

megajoule unit Equation 3.15 is used. So: 

Calorific value of each m3 of gas (MJ) = 31,425 (kWh) × 3.6 = 113,130 MJ  

Finally, Equation 3.16 is used to calculate the EE of this stage. So: 

EE of gas consumption (MJ/Kg) =
113,130 (MJ)

13,750 (Kg)
= 8.22 (MJ/Kg)  

4.6.2 Red Clay Bricks 

To bake 16,000 bricks in 3 days, about 1,000 cubic meters of gas is consumed. Since 

each red clay brick in the kiln weighs 2 kg. As a result,16,000 bricks weigh 32 tons 

so, 1,000 m3 of gas are used to bake 32 tons of soil.  

According to Equation 3.13 or 3.14, gas consumption in terms of (kWh) is: 



 

 

85 

Energy from gas consumption (kWh) =  1000 (m3) × 0.278 (kWh/MJ) ×  37.68 (MJ/

m3)= 10,475 kWh 

T obtain the calorific value of each cubic meter of Iran's gas and reach the megajoule 

unit Equation 3.15 is used. So: 

Calorific value of each m3 of gas (MJ) = 10,475 (kWh) × 3.6 = 37,710MJ  

Finally, Equation 3.16 is used to calculate the EE of this stage. So: 

EE of gas consumption (MJ/Kg) =
37710 (MJ)

32000 (Kg)
= 1.17 (MJ/Kg)  

 

4.6.3 Hollow Clay Bricks 

About 1,000 cubic meters of gas are consumed to bake 16,000 brick molds in 3 days. 

The weight of each brick before baking is equal to 1,400 kg. 16,000 bricks have a 

weight equivalent to 22,400 tons of soil, so 1,000 cubic meters of gas is used to bake 

22,400 tons of soil.  

According to Equation 3.13 or 3.14, gas consumption in terms of (kWh) is: 

Energy from gas consumption (kWh) =  1000 (m3) × 0.278 (kWh/MJ) ×  37.68 (MJ/

m3)= 10,475 kWh 

T obtain the calorific value of each cubic meter of Iran's gas and reach the megajoule 

unit Equation 3.15 is used. So: 

Calorific value of each m3 of gas (MJ) = 10,475 (kWh) × 3.6 = 37,710MJ  

Finally, Equation 3.16 is used to calculate the EE of this stage. So: 

EE of gas consumption (MJ/Kg) =
37710 (MJ)

22400 (Kg)
= 1.68 (MJ/Kg)  
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4.7 Energy Expended by the Workers 

The energy spent by workers in the factory is a factor that is considered and 

calculated in some research in the field of embodied energy, especially focusing on 

the production process of materials. In order to make the results more accurate and 

to bring the numbers closer to the actual amount of energy used to produce bricks, 

the energy used by workers has also been calculated. Also, by examining this 

component, the contribution of this part of the spent energy to the total energy can 

be measured. Depending on the type of brick and production steps and required 

labor, these figures are different for each type of brick.  

4.7.1 Refractory Bricks 

During the visit to the factory and according to the information provided by the 

factory management and the supervisor, 6 workers are working in the production of 

refractory bricks, that 2 of these 6 workers are responsible for filling and emptying 

the furnaces. 1 person is responsible for handling the bricks produced from the 

molding press, 1 person is responsible for filling the hopper and elevator connected 

to the press machine, and 2 people are responsible for moving and transferring the 

soil to the mills. 

Since the number of calories consumed by each worker is equal to 4.11 kilocalories 

per minute, based on  equation 3.17, energy expended by a worker (Kcal) is: 

Energy expended by a worker (Kcal) = 480 (min) × 4.11 (Kcal/min) = 1973 Kcal  

Equation 3.18 in used in order to convert the unit of kilocalories to megajoules. So: 

Energy expended by a worker (MJ)  =  1973 (Kcal)  ×  0.004184 (
MJ

Kcal
) = 8.25 MJ 

Equation 3.19 is used to calculate the share of embodied energy of this stage. So: 

EE of manual work by workers (MJ/Kg) =
8.25 (MJ)×6

11550 (Kg)
= 0.004  
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4.7.2 Red Clay Bricks 

Based on the data provided by the manager of the factory and the workers',8 workers 

are working in the production of refractory bricks. 5 of these 8 workers are engaged 

in manual molding. Each worker can produce 700 molds of red clay bricks in 8 

working hours per day, and with 5 workers, 3500 molds can be produced daily, 

which will provide 16,000 bricks needed to fill the furnace in 5 working days. 2 

workers are responsible for filling and emptying the furnaces and transporting the 

ready bricks, and one person is responsible for filling the mill tank to obtain the 

desired soil. 

Since the number of calories consumed by each worker is equal to 4.11 kilocalories 

per minute, based on  equation 3.17, energy expended by a worker (Kcal) is: 

Energy expended by a worker (Kcal) = 480 (min) × 4.11 (Kcal/min) = 1973 Kcal  

Equation 3.18 in used in order to convert the unit of kilocalories to megajoules. So: 

Energy expended by a worker (MJ)  =  1973 (Kcal)  ×  0.004184 (
MJ

Kcal
) = 8.25 MJ 

Equation 3.19 is used to calculate the share of embodied energy of this stage. So: 

EE of manual work by workers (MJ/Kg) =
8.25 (MJ)×8

28000 (Kg)
= 0.002  

4.7.3 Hollow Clay Bricks 

Based on personal observations and collected information, the number of workers 

engaged in the production of this type of brick is equal to 6 people. 2 of them have 

the responsibility to fill and empty the kilns. 1 person handles the bricks produced 

from the molding press machine, 1 person fills the hopper attached to the press 

machine, and 2 people are responsible for transferring the soil to the mills. 

Since the number of calories consumed by each worker is equal to 4.11 kilocalories 

per minute, based on  equation 3.17, energy expended by a worker (Kcal) is: 
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Energy expended by a worker (Kcal) = 480 (min) × 4.11 (Kcal/min) = 1973 Kcal  

Equation 3.18 in used in order to convert the unit of kilocalories to megajoules. So: 

Energy expended by a worker (MJ)  =  1973 (Kcal)  ×  0.004184 (
MJ

Kcal
) = 8.25 MJ 

Equation 3.19 is used to calculate the share of embodied energy of this stage. So: 

EE of manual work by workers (MJ/Kg) =
8.25 (MJ)×6

20000 (Kg)
= 0.002  

4.8 Total Embodied Energy of Bricks 

To assess embodied energy of studied building materials within the “cradle to gate” 

boundary in their life cycle, all the direct and indirect involved procedures and 

operations in the production of bricks are considered. It comprises the energy that 

has been expended for extraction, production, transportation, and the labors 

participated in production chain. 

As a result, according to the elaborations and calculations fulfilled in the previous 

sections, the total embodied energy for each type of brick is calculated according to 

the following equation: 

EE brick type i = EE production i + EE transportation i + EE manual work i                

Each of the factors involved in this equation is as follows: EE in all of them expresses 

embodied energy. “i” indicates the type of brick. “EE production i” includes the energy 

spent during the production of type i bricks, which includes the electricity consumed 

in the mills and the thermal energy obtained from the gas fuel for baking the bricks. 

“EE transportation i” encompasses the energy consumed due to the fuel consumption to 

transport the soil required in the production of type i bricks, which varies depending 

on the weight of the transported soil and the distance traveled. “EE labor work i” 

comprises all the energy spent by the workers involved in the production of type i 

bricks. 
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In the following, the embodied energy of each type of brick is calculated. All the 

factors involved in this calculation, which were calculated separately in the previous 

sections, have been added together. 

4.8.1 Refractory Bricks 

EE of Transportation: 308.56 MJ ÷11550 (Kg) = 0.02 MJ/Kg 

Mills' Energy: 139.104 MJ + 465.696 MJ + 110.66 MJ + 47.52 MJ + 472.68 MJ = 

1235.66 MJ 

EE of the mills: 1235.66 MJ ÷ 11550 Kg = 0.1 MJ/Kg 

Calorific value of consumed gas: 113,130 MJ 

EE of consumed gas: 113,130 MJ ÷ 13,750 Kg = 8.22 MJ/Kg  

EE of manual labor: (8.25 MJ × 6(number of workers)) ÷ 11550 Kg = 0.004 MJ/Kg 

The sum of all the involved factors will be as follows: 

EE refractory brick: 0.02 MJ/Kg + 0.1 MJ/Kg + 8.22 MJ/Kg + 0.004 MJ/Kg = 8.344 

MJ/Kg 

4.8.2 Red Clay Bricks 

EE of Transportation: 744.8 MJ÷ 28000 (Kg)= 0.02 MJ/Kg 

Mills' Energy: 480.92 MJ 

EE of the mills: 480.92 MJ ÷ 28,000 kg = 0.017 MJ/Kg 

Calorific value of consumed gas: 37,710 MJ 

EE of consumed gas: 37,710 MJ ÷ 32000 Kg = 1.17 MJ/Kg  

EE of labor work: (8.25 MJ × 8(number of workers)) ÷ 28000 Kg = 0.002 MJ/Kg 
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The sum of the total amount of all the involved elements will be as follows: 

EE Red clay brick: 0.02 MJ/Kg + 0.017 MJ/Kg + 1.17 MJ/Kg + 0.002 MJ/Kg = 1.209 

MJ/Kg 

4.8.3 Hollow Clay Bricks 

Transportation: 0.02 MJ/Kg 

Mills' Energy: 343.51 MJ + 180.28 MJ + 69.12 MJ + 687.02 MJ = 1279.93 MJ 

EE of the mills: 1279.93 MJ ÷ 20000 Kg = 0.064 MJ/Kg 

Calorific value of consumed gas: 37,710 MJ 

EE of consumed gas: 37,710 MJ ÷ 22400 Kg = 1.68 MJ/Kg  

EE of labor work: (8.25 MJ × 6(number of workers)) ÷ 20,000 Kg = 0.002 MJ/Kg 

The sum of the embodied energy of all the steps involved in the production of this 

type of brick is as follows: 

EE Hollow clay brick: 0.02 MJ/Kg + 0.064 MJ/Kg + 1.68 MJ/Kg + 0.002 MJ/Kg = 1.766 

MJ/Kg 

4.9 Calculation of Embodied Energy of Walls 

In this section, all the walls studied in this research are explained in terms of their 

constituent and structural components, and also the EE of the whole wall is 

calculated based on the EE of all its components. Finally, all the embodied energies 

obtained from the components of each wall are added together and the final energy 

of the test wall is obtained. 
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4.9.1 Iran’s Hollow Clay Brick  

As mentioned in section 3.2.3, this wall consists of stud runners, trusses, Iran’s 

hollow clay bricks, and mortar. In the following, the embodied energy calculations 

related to each of these components have been done. 

− Stud runners: 

Two U-shaped and one H-shaped vertical studs are used. The area of the 

profile used in these studs according to its 0.18 meters length and 2.7 meters 

height that is needed to make one stud is equal to 0.486 m2 (2.7 m x 0.18 m 

= 0.486 m2).  

Since each iron sheet to form a beam weigh about 15.6 Kg/m2, so, 0.486 m2 

of this steel sheet weighs 7.58 Kg (0.486 m2 × 15.6 Kg/m2).  

Due to the need to apply 4 of these beams in our structure, the total weight 

of these iron beams is equal to 30.32 kg (4 × 7.58 Kg). 

Based on ICE database, the embodied energy coefficient of the steel used in 

these studs is equal to 20.1 MJ/Kg. According to Equation 3.20, the amount 

of embodied energy of the steel used in our hypothetical wall is: 

Total embodied energy of steel studs = 30.32 Kg × 20.1 MJ/Kg = 609.432 

MJ 

− Trusses: 

Required length and amount of the horizental trusses to be placed in the 

middle of the wall was 10 meter and the total weight of the used trusses is 

equal to 3 kilos. According to ICE database, the embodied energy of 

galvanized steel sheet is equal to 22.6 MJ/kg. As a result, according to 

Equation 3.20, the total embodied energy of the trussesapplied in this wall 

will be obtained. 

Total embodied energy of trusses= 3 Kg × 22.6 MJ/Kg = 67.8 MJ 

 

− Iranian hollow clay brick 



 

 

92 

To calculate the number of bricks that are required, the Equation 3.21, 3.22, and 

3.23 should be applied. So: 

Number of required Hollow clay bricks =  
1000 

21 + 1
≈ 46  

Number of required bricks =  
270

5.5 + 1
≈ 42 

Total number of required bricks = 46 × 42 = 1932 

The weight of each hollow clay brick examined in the studied manufacturing plant 

is equal to 1.250 Kg, therefore, according to Equation 3.24, the total weight of the 

used hollow clay bricks is: 

1932 × 1.250 Kg = 2415 Kg 

The total embodied energy of the hollow clay bricks used is calculated according to 

Equation 3.20, so: 

Total EE of the hollow clay bricks: 2415 Kg × 1.766 MJ/Kg = 4264.89 Mj 

− 1:3 cement-sand mortar: 

To calculate the required volume of mortar, first, based on the Equation 3.25 and 

3.26, the number of bricks required without using mortar should be calculated, which 

is equal to: 

Number of required bricks in length =  
1000

21
 = 48  

Number of required bricks in width =  
270

5.5
 = 49 

So, based on Equation 3.23:  

Total number of required bricks without mortar = 48 × 49 = 2352 

Now according to Equation 3.27 and considering that the volume of each brick is 

equal to 0.0011 m3 (0.21 m × 0.1 m × 0.055 m), the required volume of mortar is: 

Required volume of mortar: (2352 – 1932) × 0.0011 m3 = 0.46 m3 
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According to Equation 3.28, the weight of the used mortar is: 

Weight of the mortar: 0.46 m3 × 1900 Kg/m3 = 874 Kg 

According to ICE database, the embodied energy of 1:3 cement-sand mortar is equal 

to 1.33 MJ/Kg. So based on Equation 3.20: 

Total embodied energy of the used mortar: 874 Kg × 1.33 MJ/Kg = 1,162.42 MJ 

So, based on Equation 3.29: 

Total EE of wall made of Iran’s hollow clay brick is: 4264.89 MJ + 67.8 MJ + 

609.432 MJ + 1,162.42 = 6104.54 MJ 

4.9.2 Generic Clay Brick Wall 

According to section 3.2.3, the trusses and studs used in this type of wall is exactly 

the same as the wall made of Iranian hollow clay bricks. For this reason, the 

embodied energy of these two components is the same as the previous wall. As a 

result, the embodied energy of these two materials in this wall is also equal to: 

− Stud runners 

Total embodied energy of steel studs = 30.32 Kg × 20.1 MJ/Kg = 609.432 

MJ 

− Trusses 

Total embodied energy of trusses = 3 Kg × 22.6 MJ/Kg = 67.8 MJ 

 

− Generic clay bricks 

To calculate the number of bricks that are required, the Equation 3.21, 3.22, and 

3.23 should be applied. So: 

Number of required Hollow clay bricks =  
1000 

21 + 1
≈ 46  
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Number of required bricks =  
270

5.5 + 1
≈ 42 

The total number of required bricks is = 46 × 42 = 1932 

The weight of each generic clay brick based on ICE is equal to 2.300 Kg, therefore, 

according to Equation 3.24, the total weight of the used hollow clay bricks is: 

1932 × 2.300 Kg = 4,443.6 Kg 

The total embodied energy of the generic clay bricks used is calculated according to 

Equation 3.20, so: 

Total EE of the generic clay bricks: 4,443.6 Kg × 3 MJ/Kg = 13,330.8 Mj 

− Mortar: 

To calculate the required volume of mortar,based on Equation 3.25 and 3.26, the 

number of bricks required without using mortar should be calculated, which is equal 

to: 

Number of required bricks in length =  
1000

21
 = 48  

Number of required bricks in width =  
270

5.5
 = 49 

So, based on Equation 3.23:  

Total number of required bricks without mortar = 48 × 49 = 2352 

Based on Equation 3.27 and considering that the volume of each brick as 0.0011 m3 

(0.21 m × 0.1 m × 0.055 m), the required volume of mortar is: 

Required volume of mortar: (2352 – 1890) × 0.0011 m3 = 0.5 m3 

According to Equation 3.28: 

Weight of the mortar: 0.5 m3 × 1900 Kg/m3 = 950 Kg 

Based on ICE database, the embodied energy of 1:3 cement-sand mortar is 1.33 

MJ/Kg. So based on Equation 3.20: 
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Total embodied energy of the used mortar: 950 Kg × 1.33 MJ/Kg = 1,263.5 MJ 

So, based on Equation 3.29: 

Total EE of wall  made of generic clay brick is: 13,330.8 + 67.8 MJ + 609.432 

MJ + 1,263.5 = 15,271.53 MJ 

4.9.3 Concrete Block Wall 

The number of trusses used in the structure of this wall is the same as the wall 

made of Iran’s hollow clay brick. So its embodied energy value is the same as the 

previous walls. So: 

− Trusses 

Total embodied energy of trusses= 3 Kg × 22.6 MJ/Kg = 67.8 MJ 

− Stud runners: 

The area of the profile used in these studs according to its 0.28 meters length 

and 2.7 meters height that is needed to make one stud is equal to 0.756 m2 

(2.7 m x 0.28 m = 0.756 m2). Based on the weight of the used iron sheet that 

is 15.6 Kg/m2, 0.756 m2 of this steel sheet weighs 11.79 Kg (0.756 m2 × 

15.6 Kg/m2). Since 4 of these studs are applied in the structure of wall, the 

total weight of these iron studs is equal to 47.16 kg (4 × 11.79 Kg). 

Based on ICE database, the embodied energy coefficient of the steel used in 

these studs is equal to 20.1 MJ/Kg, so according to Equation 3.20: 

Total embodied energy of steel in studs = 47.16 Kg × 20.1 MJ/Kg = 947.91 

MJ 

− Concrete block 

To calculate the number of bricks that are required, the Equation 3.21, 

3.22, and 3.23 should be applied. So: 

Number of required blocks =  
1000 

40 +  1.5
≈ 24  

Number of required blocks =  
270

20 +  1.5
≈ 13 
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The total number of required blocks = 24 × 13 = 312 

The weight of each of the concrete blocks used is equal to 14 kg, therefore, 

according to Equation 3.24, the total weight of the used concrete blocks is: 

312 × 14 Kg = 4368 Kg 

The total embodied energy of the concrete blocks used is calculated 

according to Equation 3.20, so: 

Total EE of the concrete block = 4368 Kg × 0.59 MJ/Kg = 2577.12 MJ 

 

− Mortar: 

To calculate the required volume of mortar,based on Equation 3.25 and 3.26, 

the number of blocks required without using mortar should be calculated, 

which is equal to: 

Number of required block in length without mortar =  
1000

40
 = 25  

Number of required blocks in width without mortar =  
270

20
 ≈ 14 

Based on Equation 3.23:  

Total number of required blocks without mortar = 25 × 14 = 350 

Based on Equation 3.27 and considering that the volume of each block is 

equal to 0.016 m3 (0.4 m × 0.2 m × 0.2 m), The required volume of mortar 

is: 

Required volume of mortar: (350 – 312) × 0.016 m3 = 0.61 m3 

According to Equation 3.28: 

Weight of the mortar: 0.61 m3 × 1900 Kg/m3 = 1159 Kg 

Based on ICE database, the embodied energy of 1:3 cement-sand mortar is 1.33 

MJ/Kg. So based on Equation 3.20: 

Total embodied energy of the used mortar: 1,159 Kg × 1.33 MJ/Kg = 1,541.47 

MJ 

So, based on Equation 3.29: 
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Total EE of wall made of concrete block is: 2577.12 + 67.8 + 947.91 + 1,541.47 

= 5134.3 MJ 

4.9.4 AAC Block Wall 

− Brackets 

The total number of brackets required for the frame of this wall is equal to 18. Since 

the length of each bracket is 20 cm, 3.6 meters of brackets are needed. The required 

area of steel for making brackets is 1m2 (0,28 m × 3.6 m). 

Each square meter of this steel weighs 15.6 kg so, the weight of steel for making 

brackets is also equal to 15.6 kg. 

The embodied energy coefficient of steel is equal to 20.1 MJ/Kg based on the ICE 

database. According to Equation 3.20, total embodied energy of steel is: 

Total embodied energy of steel in brackets: 15.6 Kg × 20.1 MJ/Kg = 313.56 MJ 

− AAC blocks 

Each AAC block’s dimension is equal to 60 × 20 × 20 cm, so to calculate the required 

number of blocks, calculations can be done the same as Equation 3.21, 3.22, and 

3.23, which were mentioned in the construction of the cement block wall. So: 

Number of required blocks with mortar =  
1000 

60 +  1.5
≈ 16  

Number of required blocks with mortar =  
270

20 +  1.5
≈ 12 

Total number of required blocks = 16 × 12 = 192 

The density of AAC block is 549 Kg/m3 and the volume of each block is equal to 

0.024 m3 (0.6 × 0.2 × 0.2), as a result, according to Equation 3.30, Total weight of 

the used blocks is: 

Total weight of the used blocks = 192 × 0.024 m3 × 549 Kg/m3 = 2529.7 Kg 
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According to the ICE database, the EE coefficient for AAC block is equal to 3.5 

MJ/Kg, so based on Equation 3,20, the total embodied energy of AAC blocks is: 

Total embodied energy of AAC blocks: 2,529.7 Kg × 3.5 MJ/Kg = 8853.9 MJ 

− Mortar 

The required volume of mortar is calculated based on Equation 3.25 and 3.26, 

the number of blocks required without using mortar should be calculated, which 

is equal to: 

Number of required AAC block in length without mortar =  
1000

60
 = 17  

Number of required AAC blocks in width without mortar =  
270

20
 ≈ 13 

Based on Equation 3.23: 

Total number of required blocks without mortar = 17 × 13 = 221 

Based on Equation 3.27 and considering that the volume of each block is 0.024 

m3, the required volume of mortar is: 

Required volume of mortar: (221 – 192) × 0.024 m3= 0.69 m3 

According to Equation 3.28: 

Weight of the mortar: 0.69 m3 × 1900 Kg/m3 = 1311 Kg 

Based on ICE database, the embodied energy of 1:5 cement-sand mortar is 0.97 

MJ/Kg. So based on Equation 3.20: 

Total embodied energy of the used mortar: 1311 Kg × 0.97 MJ/Kg = 1271.67 

MJ 

So, based on Equation 3.29: 

Total EE of AAC block wall = EE of AAC blocks + EE of steel in brackets + EE of 

mortar  
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Total EE of AAC block wall = 8853.9 + 313.56 + 1,271.67 MJ/Kg = 10439.13 

MJ/Kg 

4.9.5 Dry Wall System 

− Stud runners 

Based on the chapter 3.2.3, the total length required for the stud runners to build this 

wall structure is equal to 68.6 meters {(2 × 10 meters) + (16 × 2.7 meters) + (2 × 2.7 

meters)}. The length of each stud runner is equal to 3 meters, as a result, 23 stud 

runners are needed (68.6 ÷ 3). 23 stud runners weigh 21.87 Kg. 

The embodied energy of galvanized steel sheet according to ICE is equal to 22.6 

MJ/Kg based on the ICE database. According to Equation 3.20, total embodied 

energy of stud runners is: 

Total embodied energy of galvanized steel stud runners = 21.87 Kg × 22.6 MJ/Kg = 

494.26 MJ 

− Mineral Wool 

The required volume of mineral wool is equal to 2.7 m3 (10 m ×2.70 m × 0.1m). The 

mineral wool used has a density of 80 kg/m3, So, the volume we needed to build this 

wall was equal to 2.7 m3, as a result, this volume will weigh 216 kg (2.7 m3 × 80 

Kg/m3). 

The embodied energy coefficient of mineral wool according to ICE database is equal 

to 16.6 MJ/Kg. According to Equation 3.20, total embodied energy of mineral is: 

Total embodied energy of mineral wool = 216 Kg × 16.6 MJ/Kg = 3,585.6 MJ 

 

− Cement board 

The number of required cemenet boards can be obtained by using Equation 3.31. 

 

 Number of required cemenet boards =
27 (m2)

2.88 (m2)
≈ 10  
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The weight of the used cement boards can be calculated according to 

Equation 3.32. So: 

Weight of the used cement boards = 10 × 78.3 = 783 Kg 

The embodied energy coefficient of cement board is 10.40 MJ/Kg. Equation 

3.20 can be used to calculate the embodied energy of the used boards. So: 

Total embodied energy of cement boards = 783 Kg × 10.4 MJ/Kg = 8,143.2 

MJ 

− Plasterboard 

The number of required plasterboards and cemenet boards can be obtained by using 

Equation 3.31. 

Number of required plasterboards =
27 (m2)

2.88 (m2)
≈ 10 

The weight of the used plasterboards can be calculated according to Equation 3.32. 

So: 

Weight of the used plasterboards = 10 × 30 = 300 Kg 

The embodied energy coefficient of plasterboard is 6.75 MJ/Kg. Equation 3.20 can 

be used to calculate the embodied energy of the used boards. So: 

Total embodied energy of plasterboards = 300 Kg × 6.75 MJ/Kg = 2,025 MJ 

So, based on Equation 3.29: 

Total EE of drywall system = EE of stud runners+ EE of mineral wool + EE of 

cement board + EE of plasterboard  

Total EE of drywall system = 494.26 MJ + 3585.6 + 8143.2 + 2,025 = 14,248.06 

MJ/Kg 
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In order to be able to measure the amount of EE per square meter of the wall, this 

analysis is also calculated in the unit of MJ/m2, and the obtained results are shown 

in Table 4.2. 

Table 4.2 Calculation of EE per square meter of the studied walls 

 

Total energy (MJ) 

Method of 

calculating energy 

in MJ/m2 

Results of EE of 

the wall (MJ/m2) 

Iran’s hollow clay 

brick wall 
6104.54 

 

6104.54 ÷ 27 m2 

 

226.1 

Generic clay brick 

wall 
15,271.53 

 

15,271.53 ÷ 27 m2 

 

565.6 

Concrete block 

wall 
5134.3 5134.3 ÷ 27 m2 190.1 

AAC block wall 10439.13 10439.13 ÷ 27 m2 386.6 

Dry wall system 14,248.06 14,248.06 ÷ 27 m2 527.7 

 

In the comparisons made in this study and according to the obtained results, it can 

be seen that in the unit of MJ/m2, the wall with generic clay brick has the highest 

embodied energy, and after that, the wall of the dry system is in the second place. 

The main reason for the lower embodied energy of the wall made of concrete blocks 

and Iranian bricks compared to other materials is the hollowness of these materials. 

Since the embodied energy is directly related to the weight of materials and the 

amount of materials used in the production of each material, their hollowness causes 

their embodied energy to decrease compared to other materials. The EE calculations 
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for the Iranian brick wall were based on the data collected during this research but 

that for the rest of the walls is obtained from the ICE database. 
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CHAPTER 5  

5 DISCUSSION 

The data related to the production of bricks in Iran were discussed for a better 

understanding of the amount of energy involved in the production of these materials. 

This information includes taking detailed data from the production plants and 

observing and collecting information regarding the way of brick production, which 

includes all the processes that consume energy in this cycle. This data includes the 

accumulation of information from the means of transportation that played a role in 

the production of these bricks. In addition, the mills, which play the most important 

role in brick production and operate with electricity consumption, have been 

investigated. Also, brick kilns, which consume gas, and the firing of bricks is done 

through gas combustion, are among the other factors investigated among energy 

consumers. In order to be more accurate, the energy results of the workers involved 

in the production of bricks have also been examined depending on the type of bricks 

produced and the number of workers required and their daily working hours. 

5.1 Energy Analysis Related to Transportation 

In order to calculate the amount of fuel consumed by the loader, which is used for 

most of the transportations and transfers in the factory, first the average time needed 

to move between the mills was measured and recorded. Then, according to the type 

of brick produced and the amount of soil required to fill each furnace, the weight of 

the transported load was calculated, and then according to the catalog provided by 

the manufacturer of loaders, the amount of fuel consumed was calculated based on 

the weight of the load and the duration of use. The loader was calculated. 
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Considering the equality of the soil of all three types of bricks and according to the 

calculations, the amount of fuel consumed per kilogram of soil is the same for all 

three types of bricks, and the only difference is not based on the amount of energy 

per kilogram of soil, but per brick unit. 

As the weight of the load is directly related to the amount of fuel consumed by the 

means of transportation, as a result, the amount of fuel consumed for red clay brick 

is more than other bricks due to its greater weight. All the calculations that were first 

based on the amount of fuel consumption, which is diesel, have been converted into 

embodied energy units, i.e., megajoules per kilogram. This unit conversion is 

obtained by multiplying the amount of fuel consumed based on liters by the number 

38, which is the amount of specific energy obtained from diesel fuel. 

In Table 5.1, the embodied energy resulting from the transportation of all 3 types of 

examined bricks is summarized and also in this table, in addition to the embodied 

energy per kilogram of soil, the energy obtained from the transportation of soil for 

per unit of brick is also expressed in all three types. 

Table 5.1 Summary of the energy from diesel burning for soil transportation 

by loader 

Energy of burning diesel in transportation (MJ) 

Brick Type Per Kg Per Brick 

Refractory Brick 0.02 0.021 

Red Clay Brick 0.02 0.035 

Hollow Clay Brick 0.02 0.025 
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Figure 5.1. Energy analysis related to EE of transportation 

5.2 Energy Analysis of Mills and Machines  

Mills are considered as the most important element in the brick production cycle 

because most of the energy consumed during the brick production period is 

consumed by mills. In this section, all the equipment that operate by electric motors 

have been examined and the amount of electricity or energy consumed by each 

device per kilogram of soil needed to make each brick has been calculated. 

The detailed information acquired from calculations to obtain the energy 

consumption of each of the electrical equipment involved in the production of 

refractory, red clay, and hollow clay bricks are shown in Table 5.2, 5.3, and 5.4, 

respectively. 
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Table 5.2 Details of electricity consuming systems and the amount of electricity 

consumed at each stage in the production of 11000 refractory bricks 

Power Consuming System 
Energy Consumption for 11,000 

Bricks (MJ) 

Hammer mill 137.75 

Second mill 463.68 

Homogenizing mill 110.66 

Lifting machine 47.52 

Molding press machine 472.32 

Total 1231.93 

 

 

Figure 5.2. The percentage of electricity consumed at each stage in the production 

of 11000 Refractory bricks 
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Table 5.3 Details of electricity consuming systems and the amount of electricity 

consumed at each stage in the production of 16000 red clay bricks 

Power Consuming System 
Energy Consumption for 16,000 

Bricks (MJ) 

First mill 481.32 

Total 481.32 

 

 

Figure 5.3. The percentage of electricity consumed at each stage in the production 

of 16000 Solid clay bricks 
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Table 5.4 Details of electricity consuming systems and the amount of electricity 

consumed at each stage in the production of 16000 hollow clay bricks 

Power Consuming System 
Energy Consumption for 16,000 

Bricks (MJ) 

First mill 343.51 

Homogenizing mill 190.44 

Lifting machine 69.12 

Molding press machine 687.02 

Total 1290.09 

 

 

Figure 5.4.The percentage of electricity consumed at each stage in the production 

of 16000 hollow clay bricks 

 

The total energy consumption from mills and electrical devices involved in brick 

production for refractory, red clay, and hollow clay bricks is equal to 1231.93, 

481.32, and 1290.09 MJ respectively.  

53%

27%

15%

5%

Electricity consuming systems and the percentage of electricity 

consumed at each stage in the production of 16000 hollow clay 

bricks

Molding press machine First mill Mixer Lifting machine



 

 

109 

Considering that these values are the amount of electricity consumed to produce 

different number of each type of bricks, in order to be comparable, these values were 

converted into the unit of embodied energy, which is MJ/Kg, so that the amount of 

energy spent per 1 kilogram of soil for each type of brick can be compared. These 

amounts in embodied energy unit is equal to 0.1 MJ/Kg, 0.017 MJ/Kg, and 0.064 

MJ/Kg for refractory, red clay, and hollow clay bricks. In Figure 5.5, the values of 

EE of the electricity that is used for each type of brick are compared. 

 

Figure 5.5. Comparison of the total EE of the electricity used for each type of brick 

 

5.3 Energy Analysis of Kilns Gas Consumption 

After mills and power consuming systems, furnaces are the second most important 

factor affecting the amount of embodied energy. In fact, the amount of gas used for 

baking bricks and as a result the energy released from this gas fuel is an important 

factor in the amount of embodied energy of the examined bricks. 
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In the surveys conducted, the information related to the capacity of the furnaces and 

the required temperature and gas consumption for periodic baking of bricks were 

collected and after performing the relevant calculations, the amount of gas 

consumption per kilogram of soil for different bricks was obtained.  

According to the calculations and the equations, the caloric value of the consumed 

gas for refractory, red clay, and hollow clay bricks is equal to 113,130 MJ, 37,710 

MJ, 37,710 MJ, respectively. In order to equalize the units with the aim of making 

them comparable with each other, all this amount of consumed gases has been 

converted into a unit of embodied energy, in which case this amount is equal to 

8.22 MJ/Kg, 1.17 MJ/Kg , and 1.68 MJ/Kg  for refractory, red clay, and hollow 

clay bricks as shown in Table 5.5. 

Table 5.5 EE of consumed gas for produced bricks 

Type of Brick EE of Consumed Gas (MJ/Kg) 

Refractory Bricks 8.22 

Red Clay Bricks 1.17 

Hollow Clay Bricks 1.68 
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Figure 5.6. Comparison of the total EE of the consumed gas for each type of brick 

 

From the comparison of the amount of gas used between the bricks, it can be seen 

that the gas used for refractory brick is more than the other 2 types of bricks because 

the temperature required to fire this brick is higher and the kiln flame must be on for 

longer duration for refractory bricks and more time is needed to bake it. 

5.4 Energy Analysis of Employed Labors 

Energy expenditure of labor force is another factor that is involved in the amount of 

embodied energy of materials during the production cycle. Although the influence 

of this factor is insignificant, for the results to be as accurate as possible, it is better 

to calculate and include their contribution to the total energy of the materials. 

According to the reviewed studies and the placing of construction material 

production work in the group of hard jobs, the amount of energy consumed by each 
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worker is based on the difficulty of the work and the number of calories consumed 

per minute of their work. 

According to the calculations, the obtained results are briefly presented in Table 5.6. 

This table shows the amount of energy consumed by each worker per kilogram of 

soil that forms different bricks. 

Table 5.6 Energy expenditure by each worker to produce bricks to fill each 

kiln with each type of brick. 

Brick Type Soil weight (Kg) 
Energy expenditure 

(MJ/Kg) 

Refractory bricks 11550 0.0007 

Red clay bricks 28000 0.0003 

Hollow clay bricks 20000 0.0004 

 

 

Figure 5.7. Comparison of the total EE of the energy expended by workers for 1 kg 

of bricks 
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5.5 Total Embodied Energy of the Bricks 

After calculating the EE resulting from each part of the steps involved in the 

production process of each brick, the EE of the desired brick was reached by 

summing up the numbers obtained in all the steps. The final results are presented in 

Table 5.7. Considering that the energy of each stage has a role in the total energy 

obtained, by calculating the percentage of each stage's contribution to the total 

energy, the role of each operation in forming the final EE can be seen (Table 5.8). 

Table 5.7 The embodied energy of each stage of the brick production cycle 

Production 

Stages 

Types of Bricks 

Refractory  

brick 

Red clay  

brick 

Hollow clay 

brick 

Transportation 

Energy (MJ/Kg) 
0.02 0.02 0.02 

Mills and 

Machines Energy 

(MJ/Kg) 

0.1 0.017 0.064 

Consumed Gas 

Energy (MJ/Kg) 
8.22 1.17 1.68 

Manual Labor 

Energy (MJ/Kg) 
0.004 0.002 0.002 

Total (MJ/Kg) 8.344 1.209 1.766 
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Table 5.8 Percentage share of EE of each stage in the total EE 

Production 

Stages 

Each stage's contribution to total EE 

Refractory  

brick 

Red clay  

brick 

Hollow clay 

brick 

Transportation 

Energy (MJ/Kg) 
0.23 % 1.7 % 1.20 % 

Mills and 

Machines Energy 

(MJ/Kg) 

1.22 % 1.5 % 3.70 % 

Consumed Gas 

Energy (MJ/Kg) 
98.5 % 96.7 % 95 % 

Manual Labor 

Energy (MJ/Kg) 
0.05 % 0.1 % 0.1 % 

Total (MJ/Kg) 8.344 1.209 1.766 

 

 

Figure 5.8. Percentage share of EE of each stage in the total EE of refractory brick 
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Figure 5.9. Percentage share of EE of each stage in the total EE of solid clay brick 

 

Figure 5.10. Percentage share of EE of each stage in the total EE of hollow clay 

brick 
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Figure 5.11. Comparison of the total embodied energy of bricks 

 

In order to understand how the EE of Iranian bricks as calculated in this research 

compares with that presented in international studies the results collected from 

literature by Hammond (2008) are presented in Figure 5.12. It can be seen that the 

embodied energy of bricks in different studies was found to be different over time, 

and it can also be seen that the calculated embodied energy for bricks made in Iran 

is in the range of calculated numbers in other countries. 
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Figure 5.12. Variation in EE of clay bricks over time (Hammond, 2008) 

5.6 Energy Analysis of the Test Wall with Alternative Materials 

After the measurements and calculations performed on 3 types of bricks produced in 

Iran and relying on real and local data, the embodied energy of a hypothetical 

external wall with different alternative materials that are common in the construction 

industry of Iran was investigated. These calculations are based on the data provided 

by the ICE database. 

The type of materials and other required components have been obtained through 

inquiries from structural engineers. Also, the structures required for the construction 

of this wall have been calculated for different materials based on Iranian Standard 

No. 2800 document. The structure used in this wall is different depending on the type 

of material that is chosen as wall filler. 

Based on the calculations and obtaining the necessary amount of each of these types 

of materials and then the necessary components such as beams, galvanized sheets, 

stud runner, and cement-sand based mortar, this capability is provided to be able to 

multiply the weight or, the required volume of each of the materials in the coefficient 

provided by ICE database to reach the embodied energy of the whole wall. 
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The embodied energy of the hypothetical wall with alternative materials is presented 

in Figure 5.3, which can be compared more easily. 

 

Figure 5.13. Embodied energy of the test wall with alternative materials 

Based on the obtained results, it can be seen that the wall made of generic clay brick 

has the highest embodied energy value, followed by drywall system, AAC block, 

concrete block, and Iranian hollow clay brick, respectively. 

5.7 Limitations 

In the process of gathering information, the only stage that the manager and 

workers of the factory did not have information about was the soil extraction 

stage because in Iran the extraction process is done by government teams and the 

brick manufacturers buy the soil from them. For this reason, the energy of that 

stage of the production process was not included. Since the investigated factories 

were built at a distance of 3 km from the clay sources, so the distance to transport 

the soil from the mines to the factory was very small and ignored. 

The calculations in this study are based on the net amount of soil, electricity, and 

gas that are needed in the production chain of bricks. The waste is not considered 
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since there was no information about how much the gross amount might be. Also, 

it depends on many factors like workmanship, quality of soil, efficiency of power 

consuming systems, and efficient amount of gas consumed. Also in the 

investigated factory, the workers present in the plant reside and live in the same 

place where they work, therefore, their daily transportation from the factory to 

their homes is eliminated. And it has to be mentioned that the energies used in 

this study are expressed based on the end use energy consumption, not the 

primary energy. 
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CHAPTER 6  

6 CONCLUSION 

The information related to the production of 3 samples of the most widely used types 

of bricks in Iran, which are produced in Tehran, was studied and analyzed. During 

these investigations, all the processes involved in the production of a brick were 

examined. In fact, from the time of transporting soil, grinding soil and rocks to 

molding and baking bricks. 

This inspection border, which is called the cradle to gate, is one of the most 

fundamental stages in the life cycle of materials because a significant amount of 

energy is spent in this stage so that a material can enter other cycles and be usable. 

Considering the lack of a database specific to the construction materials produced in 

Iran and also the absence of information related to the Iran in most of the databases 

available in life cycle assessment tools, in order to achieve more realistic results and 

closer to the reality in Iran, the importance of field investigations and collection of 

information from the production plants cannot be overestimated. 

During the research conducted on the visited site, information was collected 

regarding the brick production process. The type of transportation vehicle used in 

the factory, its fuel consumption, and the amount of fuel consumption for 

transporting different loads have been calculated and checked. Also, the type of mills 

needed to produce each type of the bricks and the electric motors of each according 

to the power consumption have been checked. In addition, information related to the 

kilns used to bake each type of brick and the amount of gas used to bake each kind 

of bricks has been collected. In order to make the results as accurate as possible, the 

energy consumed by the labors engaged in the production of each type of brick has 

also been checked. 
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In all the calculations, although the results were obtained in different units, but to 

unify the data and obtain the final embodied energy, they were all converted to the 

unit of embodied energy, i.e., MJ/Kg. 

Based on studies and calculations, the amount of embodied energy resulting from 

transferring the soil by the loader used in the site is equal to 0.02 MJ/kg. In fact, 0.02 

megajoules of energy is used for transferring 1 kg of soil. Since the primary soil used 

for all 3 types of bricks is the same, as a result, this amount of energy per 1 kg of soil 

is the same for all 3 types of bricks, and the only difference is the energy per brick, 

which varies according to the weight of the bricks. The amount of energy obtained 

from the burning of diesel fuel for each refractory brick is equal to 0.021 megajoules, 

0.035 megajoules for each red clay brick and 0.025 megajoules for each hollow clay 

brick.  

It can be concluded that the fuel burning rate of the loader has a direct connection 

with the weight of its load or the weight of bricks. The greater the weight of the brick 

or the more soil needed to make the brick, the more energy the loader will consume. 

Since the weight of each mold of red clay brick is more than the other 2 types of 

bricks, as a result, the amount of embodied energy resulting from its displacement is 

also higher. 

In the calculations, the maximum amount of electricity consumed by mills to fill 

hollow clay brick kilns is equal to 1290.09 MJ of energy per production of 16,000 

bricks, 1231.93 MJ to produce 11,000 refractory bricks and the minimum amount of 

energy required for grinding soil is for red clay brick, which is equal to 481.32 MJ 

to fill the kiln with 16,000 bricks. However, in the unit of embodied energy, this 

amount is equal to 0.1 MJ/Kg for refractory brick, 0.064 MJ/Kg for hollow clay 

brick, and 0.017 MJ/Kg for red clay brick, respectively, from the highest to the 

lowest value. 

Since for the production of refractory bricks, it is necessary to pass the soil through 

several stages of grinding and each of these mills consumes electricity and energy, 
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as a result, the embodied energy resulting from grinding the soil to make firebrick is 

more than other 2 types of bricks. 

After that, comparing the amount of gas consumed, the highest amount of gas 

consumed, in order from the highest to the lowest amount, is equal to 3000 cubic 

meters for baking 11,000 firebricks and 1000 cubic meters for baking 16,000 bricks 

of each type of hollow clay brick and red clay brick. Comparing the amount of gas 

consumed based on the megajoule unit, the highest amount of gas consumed, from 

the highest to the lowest, is equal to 113,130 MJ for firing 11,000 firebricks and then 

37,710 MJ for firing 16,000 hollow clay bricks and 16,000 red clay bricks, 

respectively. To compare the amount of gas consumed based on the unit of embodied 

energy, it can be stated that the amount of embodied energy resulting from the 

burning of gas fuel is equal to 8.22 MJ/Kg for refractory brick, 1.68 MJ/Kg for 

hollow clay brick and 1.17 MJ/Kg for red clay brick. 

Compared to the other 2 types, the production of refractory brick requires more heat 

and temperature, and the flame and gas entering the furnace of this type of brick must 

be lit for 4 days, while the time for firing red clay brick and hollow clay brick is 3 

days. As a result, the amount of consumed gas and the embodied energy of refractory 

brick is more than other bricks. 

Finally, in the calculations obtained regarding the energy of the workers, it was 

observed that the amount of energy consumed by the workers, although small, is 

needed to achieve accurate results, and the effect of this factor will be greater in 

larger scales. Based on the calculations, the amount of energy consumed by the 8-

hour activity of workers in the factory for refractory bricks, red clay, and hollow clay 

bricks is equal to 0.0007, 0.0003, and 0.0004 MJ/Kg. Factors affecting energy 

consumption by workers include working hours, work difficulty, and the number of 

calories consumed by them per minute of activity. 

EE refractory brick = 8.344 MJ/Kg 

EE Red clay brick = 1.209 MJ/Kg 
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EE Hollow clay brick = 1.766 MJ/Kg 

After completing the surveys conducted on the field research related to brick 

production, the stage of investigation of the embodied energy resulting from the 

construction of a hypothetical external wall with the most widely used materials in 

Iran is reached. In this research, the basis, and criteria for calculating the embodied 

energy coefficients and the values are provided by the Ice database, which is 

currently considered as one of the most reliable databases and is used in most of 

available research. The 4 main materials under investigation are clay bricks, cement 

blocks, AAC blocks, and a drywall system each of which has its own embodied 

energy coefficient based on ICE.  

Based on all the calculations done to assess the amount of embodied energy in the 

construction of the wall with each of these materials and other accessories used in 

the construction of each wall, the results show that the embodied energy per use of 

each of the materials i.e., Iran’s hollow clay brick, generic clay brick, concrete 

block, AAC block, and drywall system are equal to 6,105 MJ, 15,271.53 MJ, 

5,134.30 MJ, 10,439.13 MJ, and 14,248.06 MJ, respectively.  According to the 

obtained values, it can be seen that the clay brick wall has the highest embodied 

energy, followed by the drywall system in the second place, AAC block in the third 

place, Iran’s hollow clay brick in the forth and concrete block in the last place. 

Considering that the embodied energy coefficient of clay brick is 3 and AAC block 

is 3.5 MJ/Kg, but the final embodied energy of a brick wall is more than that of 

AAC block, because according to the dimensions of bricks for filling and arranging 

a wall, larger number of bricks is required, and this causes the embodied energy of 

a brick wall to be higher than that of AAC block wall. 

Regarding the use of dry wall, it should be noted that despite the lower weight of 

the components compared to blocks and bricks, the embodied energy of this wall is 

very high because the components of this wall have a much higher embodied 

energy than other materials examined in this are research and it should be kept in 

mind that despite the popularity of this wall in Iran, due to the high speed of work 
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and ease of implementation, and probably higher thermal insulation, it has negative 

environmental effects due to the EE factor. 

This study was for EE assessment from cradle to gate stage but for the life cycle 

embodied energy analysis, in addition to the EE of the materials that are evaluated 

for refractory, solid clay, and hollow clay bricks and various types of walls in this 

study, the operational energy as well as carbon dioxide emission should also be 

considered. The goal of sustainable and environmentally friendly construction will 

be achieved by considering these factors. Due to the lack of reliable and relevant 

EPD for bricks produced in Iran, the results of this study can contribute to the 

development of the EPD database in Iran for construction industries. 
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APPENDICES 

A. The original tables in Persian 

Table A. The main Persian Fuel consumption catalog retrieved from the site 

http://rahdar44.ir, introduced by the creators. 

 

 

Table B. Estimation of energy consumption based on heart rate while doing 

work in the studied workers (Saber et al., 2014) 

 

 

 

 


