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Highlights 

• Replacing cement with fly ash at a 2.90 vol.% reduced the embodied carbon emission of 1 m³ of mortar by 31%. 

• Solid block designs exhibited the highest embodied carbon emission values. 

• Five-row hollow block configurations provided the lowest CO₂e emissions among all designs. 

• Environmental sustainability of pumice aggregate masonry elements was assessed through life-cycle carbon analysis. 
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Abstract 

This study investigates the sources of CO2 emission differences among lightweight aggregate 

masonry blocks with varying geometries and configurations, evaluated from an environmental 

sustainability perspective. Two dry-mix (zero-slump) mortar designs were considered: a 

pumice-only mixture (LWC-P) and a fly ash–modified mixture (LWC-PF) with 2.90% cement 

replacement by volume. To quantify embodied carbon, four different masonry block 

configurations were analyzed for each mortar type using literature-based emission factors. The 

CO2e emissions of 1 m³ of LWC-P and LWC-PF mortars were found to be 128.2 and 88.66 

kgCO2e/m3, respectively, indicating lower emissions for the fly ash–containing mixture. On a 

product basis, emissions ranged from 0.879–1.757 kgCO2e for LWC-P blocks and 0.608–

1.215 kgCO2e for LWC-PF blocks. Among all configurations, the 5-row hollow block design 

exhibited the lowest carbon footprint, while solid block designs showed the highest emissions, 

demonstrating the significant influence of block geometry on embodied carbon performance. 
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Öne Çıkanlar 

• Çimento ile hacimce %2,90 oranında uçucu kül kullanımı, 1 m³ harcın karbon emisyonunu %31 oranında azaltmıştır. 

• Dolu blok tasarımları en yüksek karbon emisyon değerlerini sergilemiştir. 

• Beş sıralı içi boş blok konfigürasyonları, tüm tasarımlar arasında en düşük CO2e emisyonunu göstermiştir. 

• Pomza agregasılı blok elemanlarının çevresel sürdürülebilirliği, yaşam döngüsü karbon analizi yoluyla değerlendirilmiştir. 
 

Makale Bilgisi  

 

Özet 

Bu çalışma, farklı geometrilere ve konfigürasyonlara sahip hafif agregalı kagir bloklarda CO2 

emisyon farklılıklarının kaynaklarını çevresel sürdürülebilirlik açısından incelemektedir. 

Çalışmada iki farklı kuru karışım (sıfır çökme) harç tasarımı ele alınmıştır. Bunlar, yalnızca 

pomza agregası içeren (LWC-P) karışımı ve %2.90 oranında hacimsel çimento ikameli uçucu 

kül içeren (LWC-PF) karışımdır. CO2 emisyon değerlerini belirlemek amacıyla, literatürde 

tanımlanan emisyon faktörlerine dayalı olarak her iki harç türü için dört farklı duvar bloğu 

konfigürasyonu analiz edilmiştir. LWC-P ve LWC-PF harçlarının 1 m³ başına CO2e emisyon 

değerleri sırasıyla 128.2 ve 88.66 kgCO2e/m3 olarak belirlenmiş olup, uçucu kül içeren 

karışımın daha düşük emisyona sahip olduğu görülmüştür. Ürün bazında CO₂ emisyonları 

LWC-P blokları için 0.879–1.757 kgCO2e, LWC-PF blokları için ise 0.608–1.215 kgCO2e 

aralığında değişmiştir. Tüm konfigürasyonlar arasında en düşük karbon ayak izi 5 sıralı 

boşluklu blok tasarımında elde edilirken, en yüksek emisyonlar dolu blok tasarımlarında 

belirlenmiş ve blok geometrisinin karbon performansı üzerinde önemli bir etkiye sahip olduğu 

ortaya konmuştur. 
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1. INTRODUCTION 

Sustainability is the process of producing products and services based on economic, environmental 

and social issues, taking into account the ecological balance, using resources that will not cause 

environmental pollution [1,2]. The practice of building, which is based on human consumption and has a 

significant impact on climate change and greenhouse gas emissions, is among the areas of study of 

sustainability [3,4]. 

Despite all the environmental problems caused by the construction sector, the concept of 

sustainability has continued to maintain its place on the agenda in the construction industry for many years 

[3,4,5]. The environmental, economic and social roles of the construction sector have made the sector 

indispensable and have led to the emergence of new ideas in order to ensure development in harmony with 

nature and show that the sector continues to be a major energy consumer [3,4]. Today, the concept of 

sustainability has gained importance in the construction process of buildings in order to prevent increasing 

environmental pollution and to ensure the protection of energy resources [1,6]. These ideas, gathered under 

the umbrella of the concept of sustainable construction, basically aim to reduce the burden of resource use 

in the sector by using construction materials that can be reused and consume less energy, taking into account 

the increase in costs, and as a result, to produce less waste [5]. In addition to paying attention to the fact 

that construction materials are of good quality, have good physical and thermal performance, are aesthetic 

and cost-effective, and are materials that do not harm the environment and human health and meet the 

necessary sustainability criteria [1,6]. 

Sustainable construction can be defined as the continuation of the usage process of the building 

without any change in the properties of the materials used in the construction of the building sections and 

without any decrease in the amount of material [1,7]. In this context, sustainable building materials are 

building materials that minimize energy consumption during the production and usage stages, and the waste 

that may occur during the raw material production, processing, usage, maintenance and repair stages does 

not have any harmful effects on the environment and human health [1,8]. Sustainable building materials 

have the characteristics of not containing components harmful to human and environmental health, being 

reusable by recycling, and being easily supplied from local sources [1]. 

One of the biggest reasons for climate change, global warming and the increase in world 

temperature is seen as the increase in carbon emissions [9]. This increase in carbon emissions has brought 

about a significant concern in many countries regarding greenhouse gas emissions worldwide [10]. The 

gradual decrease in limited resources and the carbon emissions resulting from the use of these finite 

resources cause irreversible effects on the environment [11]. Greenhouse gas emissions caused by the 

construction and use of buildings are a result of basic vital activities. In order to achieve Net Zero targets 

in the fight against climate change, it is extremely important to reduce greenhouse gas emissions from 

buildings to minimum levels [12]. 
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Greenhouse gas emissions of buildings are generally evaluated in two ways. These are greenhouse 

gas emissions generated during the daily energy use of buildings such as lighting, heating and cooling, and 

can be analyzed as a group. The other evaluation is the greenhouse gas emissions generated during the 

production, transportation and construction site process of all types of materials used during the 

construction of the building [13]. The building life cycle in buildings analyzes the total energy consumed 

by each component that will form the building, starting from the raw material stage, including the 

production, use and demolition stages of the building. It concretely reveals the environmental impacts that 

are a result of the natural resources consumed for this energy. As a result of this analysis, the design can be 

renewed and the relevant analysis can be repeated, different alternatives can be produced and compared, 

and the most suitable option for the natural environment can be determined [14]. Various greenhouse gas 

emissions occur as a result of the energy consumed throughout the life cycle. 

In the construction industry, lightweight concrete masonry block elements obtained by using 

natural porous aggregates such as pumice rock in order to reduce building dead loads and also to contribute 

to the thermal insulation value of the building are one of the most widely used building materials to meet 

the housing needs today [15, 16]. Currently, its use in buildings is gaining importance with an increasing 

trend in many geographical regions where global climate change is felt. In this context, the increase in the 

usage trend naturally increases the amount of pumice rock consumption and the sustainability of lightweight 

aggregate masonry block elements as a building material is gaining more and more importance [17]. 

Life cycle assessment of cement-based lightweight aggregate masonry block elements with 

different design and configuration features can be performed according to the 2006 dated TS EN ISO 14040 

[18] and TS EN ISO 14044 [19] standards, which are included in the ISO 14000 standard family that 

includes environmental management issues. According to ISO 14040/44 standards, the life cycle 

assessment of a product (LCA - Life Cycle Assessment) is an assessment method that calculates, measures, 

reports environmental impacts throughout the entire life cycle, starting from the acquisition of raw materials 

for a service or a process, to processing, production, use, end of life and disposal, and provides information 

including resource efficiency and waste generation (Figure 1). LCA generally starts from the acquisition of 

raw materials for materials and includes production, transportation, use, and end of life stages. Evaluating 

products throughout their life cycles provides an understanding of the real environmental impacts of the 

decisions made. According to DIN EN 15978 [20], whole life consideration requires considering all life 

cycle phases of a building, from the product phase (A1-A3, from cradle to door), through the construction 

process phase (A4-A5, handover) and the use phase (B1-B7) [4]. 
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Figure 1. Life Cycle Assessment of Lightweight Aggregate Masonry Block Product 

 

The concept of Carbon Footprint of Products is the carbon dioxide equivalent (CO2e) of greenhouse 

gases released into the atmosphere due to the activities of people or organizations and is increasingly taken 

into consideration today as a life cycle assessment that focuses only on one environmental impact category 

- for example: climate change - [4]. The process analysis method is taken into account in determining the 

carbon dioxide equivalent (CO2e) value in the life cycle assessment of the carbon footprint of lightweight 

aggregate masonry block elements. In this method, the “Cradle to Gate” approach is taken as the basis in 

the block production process, starting from the level of extraction of raw material from the quarry to pumice. 

Cradle to Gate refers to the carbon dioxide equivalent or carbon emissions starting from the stage of 

extraction of pumice as raw material from the quarry (cradle), transportation to the factory stock area where 

block production will take place, block production in the factory and the product stock area (the factory 

gate of the final processing operation) to be offered for sale as a product. In other words, it includes quarry 

mining, raw material extraction and preparation, processing and block production. Lightweight aggregate 

block elements, which are widely used in buildings, especially in non-bearing structural sections and infill 

wall applications, may offer different values for the carbon dioxide equivalent of greenhouse gases released 

into the atmosphere during the A1-A3 cradle-to-door production process, depending on the design and 

material components. In this context, choosing block elements that provide minimum emission values in 

the selection of block elements for the structural section is an important factor in achieving Net Zero targets 

in the fight against climate change. In addition, it is important to examine all material components used in 
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the production of masonry block elements in a similar scope and to be able to present alternative material 

options. 

In this study, an evaluation was made in terms of environmental sustainability by revealing the 

sources of CO2 emission differences between lightweight aggregate masonry block elements with different 

appearances and configurations. This analysis aimed to make a significant contribution to understanding 

the environmental impacts of lightweight concrete masonry block elements made of pumice aggregate and 

to optimize the selection of materials and masonry block designs with the aim of lower carbon footprint. 

 

2. MATERIALS AND METHODS 

2.1. Materials Used And Mixture Design 

ASTM Type I (42.5 MPa) cement type was used in all mixtures in this study and the chemical 

properties of the cement are given in Table 1. 

Pumice stone is a volcanic-origin inorganic lightweight aggregate with a natural porous structure 

that is widely used in the construction industry today in the production of masonry block elements for the 

purpose of non-bearing and insulation contribution [21]. Pumice aggregates exhibit different physical, 

chemical and mechanical properties depending on the formation mechanism and volcanic origin [22-24]. 

The pumice rock used in the study was supplied from quarries in the Central Anatolia Region of Türkiye, 

preserving its natural form. The pumice aggregates supplied were stored in nylon-based bags in order to 

preserve their natural moisture. In the laboratory, they were crushed in a primary crusher while preserving 

this natural moisture and subjected to size-milling process. After the crushing process, the pumice aggregate 

samples were classified in three different size fractions as 0-4 mm, 4-8 mm and 8-12 mm size ranges. In 

the study, these aggregate materials were used by coding them as PUM-0/4, PUM-4/8 and PUM-8/12. The 

general appearance of pumice aggregates is given in Figure 2. 

 

 

Figure 2. General View of a) Fly Ash; b) 0/4 mm Pumice Aggregate; c) 4/8 mm Pumice Aggregate; d) 

8/12 mm Pumice Aggregate 
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The present moisture contents of the sized pumice aggregate samples calculated according to TS 

EN 1097-5 standard are 28% for PUM-0/4, 32% for PUM-4/8 and 37% for PUM-8/12, respectively. The 

sized pumice aggregate samples were then dried in an oven at 105 ± 5 °C for 24 hours until reaching a 

constant mass to determine the dry bulk density values. The bulk density tests of the pumice aggregates 

were conducted in accordance with TS EN 1097-3, and the bulk densities were determined as 640 kg/m3 

for PUM-0/4, 610 kg/m3 for PUM-4/8, and 515 kg/m3 for PUM-8/12, respectively. The chemical properties 

of the pumice sample, determined by XRF analysis, are given in Table 1. 

 

Table 1. Chemical properties of cement, pumice and fly ash samples 

Component (%) Cement Pumice Fly Ash 

SiO2 20.23 69.88 45.71 

Al2O3 5.83 14.72 23.67 

Fe2O3 4.31 3.02 4.47 

CaO 62.35 3.36 17.16 

Na2O 0.16 3.78 0.40 

K2O 0.86 2.64 1.26 

MgO 2.71 0.92 1.58 

LOI 1.51 1.68 0.87 

 

Fly ash is an important by-product that is collected in cyclones or electrofilters by being carried by 

the flue gases resulting from the combustion of pulverized coal in thermal power plants. The molten 

material resulting from the combustion of coal at high temperatures cools down and turns into partially or 

completely spherical ash particles with the gas flow. These ash particles are very fine and are called fly ash 

because they are dragged by the flue gases [25]. According to the ASTM C 618 standard, fly ash is divided 

into classes F and C. Class F fly ash is an ash produced from bituminous coal with a SiO2+Al2O3+Fe2O3 

percentage greater than 70% and a CaO percentage less than 10%, which is also called low-lime. They have 

pozzolanic properties. Class C fly ash is produced from lignite or semi-bituminous coal and the total 

SiO2+Al2O3+Fe2O3 amount is greater than 50%. Since CaO > 10%, they are called high-lime fly ash. Class 

C fly ash has binding properties as well as pozzolanic properties [25, 26]. The highest potential use of fly 

ash in terms of quantity is in various civil engineering fields. Research conducted for approximately 60 

years has shown that the use of fly ash in cement, concrete, aerated concrete, brick and lightweight 

aggregate production, soil stabilization and filling production gives positive results [27]. Especially with 

the use of fly ash in cement production, benefits such as less clinker use, reduced greenhouse gas emission, 

reduced energy consumption and less pollution of nature due to waste use can be achieved. In the study, fly 

ash from Manisa-Soma thermal power plant (Figure 2) was supplied and used in the prepared lightweight 
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aggregate mortar mixtures. The chemical analysis results of fly ash are given in Table 1 [28]. According to 

these features, Soma fly ash, which belongs to Soma thermal power plant and is used in concrete mixtures, 

falls within the scope of "Calcareous Fly Ash" according to TS EN197-1 due to the reactive lime amount 

being over 10%. In addition, it meets the 70% requirement required in TS 639 for the SiO2+Al2O3+Fe2C>3 

amount [27]. 

Within the scope of the study, two different designs of dry mix consistency (zero slump value) 

mortar mixture were evaluated. These are: mortar design obtained by using only pumice aggregate (LWC-

P), and the other design is fly ash incorporated (LWC-PF). The components and mortar densities of both 

mix designs are given in Table 2. 

 

Table 2. Lightweight aggregate mortar mix proportions and densities. 

Mixture 
Cement 

(kg/m3) 

PUM-

0/4 

(kg/m3) 

PUM-

4/8 

(kg/m3) 

PUM-

8/12 

(kg/m3) 

FLY 

ASH 

(kg/m3) 

Water/ 

Solid Ratio 

(w/s) 

Fresh 

Mortar 

Density 

 (kg/m3)  

Hardened 

Mortar 

Density 

 (kg/m3) 

LWC-P 150 163 381 132 0 0.28 1057 805 

LWC-PF 102 163 381 132 24 0.28 1027 782 

 

In LWC-P and LWC-PF designs, equivalent amounts of sized pumice aggregate were used. The 

water/solid ratio (w/s) was kept constant at 0.2. However, in LWC-PF design, fly ash was added to the 

mixture by replacing the cement in LWC-P design with 2.90% of the volume of the cement used in LWC-

P design. In this mixture, due to the pozzolanic activity of fly ash material, it was aimed to minimize the 

cement usage rate in lightweight aggregate mortar mixture. In LWC-P and LWC-PF designs, lightweight 

aggregate concrete samples were cast in laboratory environment with dry mix zero slump consistency. In 

order to determine the final density and block element manufacturability properties of the mixture 

compositions, these samples were first cast in 100×100×100 mm3 cube molds as trial samples with the help 

of a manual casting machine with vibration-compression feature available in laboratory environment. After 

filling-vibration-placement and pressure pressing functions in casting press, the mixture samples were 

immediately removed from the mold and left to cure in laboratory under normal ambient air condition for 

28 days. After 28 days of curing, the hardened mortar densities were measured without any drying process. 

When the measured hardened mortar densities were used in the production of full-size masonry block 

elements within the scope of this study, they were used as the main parameter in determining the unit weight 

value of the final block element by taking into account the areal and volumetric fullness and void ratios in 

the configuration of the masonry block element. 
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2.2. Masonry Block Design 

Within the scope of the study, in order to determine the CO2 emission values of the masonry block 

elements with different design values made of LWC-P and LWC-PF mortars with pumice aggregate, 4 

different configurations of masonry block designs were analyzed. These are: 

1. Single row hollow masonry block elements, 

2. Three row hollow masonry block elements, 

3. Five row hollow masonry block elements, 

4. Solid form masonry block elements. 

These block elements are coded as SRHB, TRHB, FRHB and SLDB in the study, taking into 

account the void row form. The design and general forms of all masonry block elements are shown 

symbolically in Figure 3. 

 

 

Figure 3. General View of the Designs of Lightweight Aggregate Masonry Block Elements 

 

All the masonry block samples used in this study are in interlaced (tongue-and-groove) form and 

have nominal dimensions of 190×390×190 mm (width×length×height). The configuration properties of the 

masonry block elements with different designs are given in Table 3. 

 

Table 3. Configuration properties of masonry block elements 

      Areal Fill Volumetric Solid 

  Block Form Width Length Height Rate Fill Rate Volume 

   (mm) (mm) (mm) (%) (%) (cm3) 

SRHB Single row hollow block 190 390 185 54.33 66.40 9102 

TRHB Three rows hollow block 190 390 185 61.94 72.00 9870 

FRHB Five rows hollow block 190 390 185 60.04 60.04 6859 

SLDB Solid block 190 390 185 100.00 100.00 13709 
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During the study, the unit weight value of each block element was calculated separately, with the 

principle that the hardened mortar densities of the samples poured for the mortar mixture design, measured 

without any drying process after 28 days of curing, are represented as the mortar that will form the solid 

part of the block element. In this calculation, the solid volume value of the block element is especially 

important. The value obtained by multiplying the amount of each mixture component used in 1 m3 mortar 

in the mortar design with the solidity ratio of the block element represents the amount of material required 

for block production for that component. The sum of all components represents the final weight value of 

the block element. 

In order to determine the CO2e value of block elements, the emission values of all material 

components in the mortar design to be used in block production in the value of "kgCO2e/kg" are needed. 

These values, literature review for each material type, and CO2 emission values determined by different 

researchers were used as reference values within the scope of this study. The CO2 emission values of the 

material components used in the LWC-P and LWC-PF designs are given in Table 4. 

 

Table 4. CO2 emission values of the material components used in the LWC-P and LWC-PF designs 

 Material 
CO2 emission 

(kgCO2e/kg) 
References 

PUM-0/4 0.0020 [29, 30] 

PUM-4/8 0.0020 [29, 30] 

PUM-8/12 0.0020 [29, 30] 

FLY-ASH 0.0270 [29, 31-33] 

OPC 0.8460 [29, 31, 34-36] 

Water 0.0003 [29, 35,36] 

 

Afterwards, the emission values in the unit of "kgCO2e" corresponding to the weight of each 

material type used in the design of the block element are determined separately, and the sum of the emission 

values represents the CO2e value of the block element by weight on a product basis (from cradle to gate). 

Using this methodology, the CO2e values of the SRHB, TRHB, FRHB and SLDB block elements to be 

produced in the LWC-P and LWC-PF mix designs were analyzed with the calculation method briefly 

described here. 

 

3. RESULTS AND DISCUSSION 

3.1. Carbon Factor Analysis 

Within the scope of the study, carbon dioxide (CO2) emission values formed for 1 m³ production 

of lightweight concretes with dry mix consistency belonging to LWC-P and LWC-PF mortar designs were 
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calculated and evaluated. CO2 emission analyses were carried out considering the environmental impacts 

of lightweight aggregate concrete components in the production processes. The emission contribution of 

each of the cement, pumice aggregate, fly ash and water components in the mix designs were calculated 

using emission coefficients obtained from the existing literature. In the life cycle analysis of 1 m3 

lightweight aggregate mortar created in LWC-P and LWC-PF designs, the determination of the average 

CO2e value from cradle to door covering the A1–A3 stages was determined depending on the typical 

embodied carbon factor values of the materials defined in the literature and the evaluation findings are 

given in Table 5 and Table 6. 

 

Table 5. Determination of CO2e emission value of 1 m3 lightweight mortar of LWC-P design 

Material 
Amount 

(kg/m3) 

Embodied 

Carbon 

Factor  

(kgCO2e/kg) 

Embodied 

Carbon 

Emission 

(kgCO2e/m3) 

Percentage 

value by 

weight 

(%) 

PUM-0/4 163 0.0020 0.3256 0.25 

PUM-4/8 381 0.0020 0.7625 0.59 

PUM-8/12 132 0.0020 0.2639 0.21 

FLY-ASH - - - 0.00 

OPC 150 0.8460 126.7572 98.89 

Water 231 0.0003 0.0694 0.05 

  
Total: 128.2 100.00 

 

Table 6. Determination of CO2e emission value of 1 m3 lightweight mortar of LWC-PF design 

Material 
Amount 

(kg/m3) 

Embodied 

Carbon 

Factor  

(kgCO2e/kg) 

Embodied 

Carbon 

Emission 

(kgCO2e/m3) 

Percentage 

value by 

weight 

(%) 

PUM-0/4 163 0.0020 0.3256 0.37 

PUM-4/8 381 0.0020 0.7625 0.86 

PUM-8/12 132 0.0020 0.2639 0.30 

FLY-ASH 24 0.0270 0.6558 0.74 

OPC 102 0.8460 86.5828 97.66 

Water 225 0.0003 0.0674 0.08 

  
Total: 88.66 100.00 
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As seen in this evaluation, it is clearly seen that the highest embodied carbon emission value in 

both mortar designs is created by the cement component. In order to reduce the carbon emission of the 

mortar design, it is inevitable to reduce the amount of cement to the lowest possible rate. In lightweight 

mortar combinations designed in dry mix consistency for masonry block production, the use of fly ash as a 

replacement with cement as an alternative application shows a feasible feature due to its high pozzolanic 

value. In this study, the fly ash additive added as a replacement with cement at a rate of 2.90% by volume 

caused the embodied carbon emission value of 1 m3 mortar to decrease by 31% due to the decreasing cement 

ratio. 

When masonry blocks with different geometric designs are produced with pumice aggregate and 

pumice+fly ash added mortar mixtures, how the type and amount of aggregate in the mixture will affect the 

embodied carbon emission values of the masonry element brings up an important issue in terms of 

examining the life cycle process of the products. In this context, the extent to which both the use of pumice 

aggregate alone and the fly ash reinforcement affect the CO2e values of the block product were analyzed 

and evaluated for block elements with 4 different designs within the scope of this study. The CO2e values 

calculated from cradle to gate covering the A1–A3 stages in the life cycle analysis of the masonry block 

elements in SRHB, TRHB, FRHB and SLDB configurations obtained using LWC-P and LWC-PF mortar 

mixtures are given in Table 7–Table 10, respectively. 

 

Table 7. CO2e emission value of the masonry block element in the SRHB configuration 

  with LWC-P with LWC-PF 

Material Embodied 

Carbon Factor  

(kgCO2e/kg) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

PUM-0/4 0.0020 1.48 0.0030 1.48 0.0030 

PUM-4/8 0.0020 3.47 0.0069 3.47 0.0069 

PUM-8/12 0.0020 1.20 0.0024 1.20 0.0024 

FLY-ASH 0.0270 0.00 0.0000 0.22 0.0060 

OPC 0.8460 1.36 1.1537 0.93 0.7881 

Water 0.0003 2.10 0.0006 2.05 0.0006 

 
Total: 9.62 1.167 9.35 0.807 

 
 

ECF for product = 0.121 

(kgCO2e/kg) 

ECF for product = 0.086 

(kgCO2e/kg) 

             ECF: Embodied Carbon Factor 
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Table 8. CO2e emission value of the masonry block element in the TRHB configuration 

  with LWC-P with LWC-PF 

Material Embodied 

Carbon Factor  

(kgCO2e/kg) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

PUM-0/4 0.0020 1.61 0.0032 1.61 0.0032 

PUM-4/8 0.0020 3.76 0.0075 3.76 0.0075 

PUM-8/12 0.0020 1.30 0.0026 1.30 0.0026 

FLY-ASH 0.0270 0.00 0.0000 0.24 0.0065 

OPC 0.8460 1.48 1.2511 1.01 0.8546 

Water 0.0003 2.28 0.0007 2.22 0.0007 

 
Total: 10.43 1.265 10.14 0.875 

 
 

ECF for product = 0.121 

(kgCO2e/kg) 

ECF for product = 0.086 

(kgCO2e/kg) 

 

Table 9. CO2e emission value of the masonry block element in the FRHB configuration 

  with LWC-P with LWC-PF 

Material Embodied 

Carbon Factor  

(kgCO2e/kg) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

PUM-0/4 0.0020 1.12 0.0022 1.12 0.0022 

PUM-4/8 0.0020 2.61 0.0052 2.61 0.0052 

PUM-8/12 0.0020 0.91 0.0018 0.91 0.0018 

FLY-ASH 0.0270 0.00 0.0000 0.17 0.0045 

OPC 0.8460 1.03 0.8694 0.70 0.5939 

Water 0.0003 1.59 0.0005 1.54 0.0005 

 
Total: 7.25 0.879 7.05 0.608 

 
 

ECF for product = 0.121 

(kgCO2e/kg) 

ECF for product = 0.086 

(kgCO2e/kg) 
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Table 10. CO2e emission value of the masonry block element in the SLDB configuration 

  with LWC-P with LWC-PF 

Material Embodied 

Carbon Factor  

(kgCO2e/kg) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

Amount 

(kg) 

Carbon 

Emission  

due to 

Material 

(kgCO2e) 

PUM-0/4 0.0020 2.23 0.0045 2.23 0.0045 

PUM-4/8 0.0020 5.23 0.0105 5.23 0.0105 

PUM-8/12 0.0020 1.81 0.0036 1.81 0.0036 

FLY-ASH 0.0270 0.00 0.0000 0.33 0.0090 

OPC 0.8460 2.05 1.7377 1.40 1.1870 

Water 0.0003 3.17 0.0010 3.08 0.0009 

 
Total: 14.49 1.757 14.08 1.215 

 
 

ECF for product = 0.121 

(kgCO2e/kg) 

ECF for product = 0.086 

(kgCO2e/kg) 
 

The CO2 emission values of pumice aggregate masonry block elements produced with lightweight 

mortar having equivalent mix design varied between 0.879 - 1.757 kgCO2e (see Table 7-10) on a product 

basis. The lowest emission value was obtained in the 5-row hollow masonry element design (Table 9). The 

reason why the emission value in this block design is lower than the others is that it is the block element 

produced with the lowest mortar usage with 6859 cm3 filled volume and 60.04% fill rate (Table 3). The 

highest emission value was obtained in the SRHB block design in solid form and is due to its 13709 cm3 

filled volume and 100% fill rate (see Table 3 and Table 10). According to the emission value of the block 

element in SLDB form, it is seen that the CO2 emission value of the SRHB block design decreased by 

33.6% (see Table 7 and Table 10). Similarly, it was seen that the TRHB and FRHB block designs decreased 

by 28% and 50%, respectively, compared to the CO2 emission values of the solid block design (see Tables 

8-10). This simple comparison is important in terms of seeing that when an equivalent mortar is used in 

masonry block elements, the block design significantly affects the CO2 emission values of the final product. 

In cases where it is desired to minimize CO2 emission values in a masonry block design, it is important to 

be able to produce that block element with the minimum possible mortar use, provided that other technical 

features stipulated in the standards are met. Moreover, in order to reduce emissions in masonry construction, 

there is a growing shift toward interlocking dry-stack block systems and low-carbon masonry unit designs. 

These innovative approaches significantly reduce or entirely eliminate the use of cement-rich mortars, 

thereby contributing to a substantial decrease in the embodied carbon footprint of structures [37, 38]. The 

CO2 emission values of the masonry block elements formed with 1 m3 lightweight aggregate mortar in the 

LWC-P and LWC-PF designs are shown comparatively on a product basis in Figure 4. 
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Figure 4. CO2e Emission Values for Masonry Block Designs 

 

When Figure 4 is examined, the CO2 emission values of the pumice + fly ash added masonry block 

elements produced with lightweight mortar with equivalent mixture design also vary between 0.608 - 1.215 

kgCO2e on a product basis. The lowest emission value was obtained in the 5-row hollow masonry element 

design as in the pumice aggregate mortar design, and the highest emission value was obtained in the solid 

form SRHB block design. According to the emission value of the block element in the SLDB form, it is 

seen that the CO2 emission value of the SRHB block design decreases by 33.6%. Similarly, it is seen that 

the TRHB and FRHB block designs decrease by 28% and 50%, respectively, compared to the CO2 emission 

values of the solid form block design. When the CO₂ emission values of all block designs in this study are 

considered, a 30.8% reduction is observed between the LWC-P and LWC-PF mortar mixtures used in block 

production, indicating that the incorporation of fly ash decreases the CO₂ emission value of the block 

element by 30.8%. 

Another investigation within the scope of the study is the determination of the CO2 emission value 

created by the block elements to be used in 1 m2 of wall construction. The CO2 emission values of the 

masonry block elements created with the LWC-P and LWC-PF designs in 1 m2 of wall construction are 

shown comparatively on a product basis in Figure 5. 
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Figure 5. CO2e Values of Masonry Block Elements In 1 m2 Of Wall Structure 

 

When Figure 5 is examined, with the LWC-P mix design, the CO2e values of the masonry block 

elements in 1 m2 of wall construction varied between 12.185 and 24.355 kgCO2e/m2. With the LWC-PF 

mix design, the CO2e values of the masonry block elements in 1 m2 of wall construction varied between 

8.428 and 16.846 kgCO2e/m2. The lowest emission value for the block elements in both different mortar 

designs was obtained in the 5-row hollow FRHB masonry element design. It was determined that a 30.8% 

reduction in CO2 emission value per m2 of wall construction occurred between both LWC-P and LWC-PF 

designs in terms of the mortar mixture to be used in block production. 

3.2. Carbon Factors-Density Analysis 

The unit weight value is an important parameter due to the fact that it affects the dead weight of the 

building formed by the wall units formed with the masonry block elements. Reducing the dead weight of 

the buildings can generally be considered as an important evaluation criterion in terms of both earthquake 

systematics and insulation evaluations of the building. In this context, the use of low-density masonry block 

elements is important. The densities of the masonry block elements are generally represented by their gross 

unit volume weights. Within the scope of the study, the gross unit volume weights of the masonry block 

elements obtained with the LWC-P mixture design were obtained as 547, 598, 499 and 824 kg/m3 for 

SRHB, TRHB, FRHB and SLDB, respectively. Similarly, the gross unit volume weights of the masonry 

block elements obtained with the LWC-PF mixture design were obtained as 533, 576, 481 and 802 kg/m3 

for SRHB, TRHB, FRHB and SLDB, respectively. As can be seen here, the fly ash addition reduced the 

unit weight value of the block element, albeit to a small extent. The relationship between the gross unit 

weight changes obtained with the LWC-P and LWC-PF mortar designs of the block elements and the CO2e 

values of the block is given graphically in Figure 6 and Figure 7. 
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Figure 6. Masonry Block Gross Unit Weight – CO2e Relationship (LWC-P Mortar Design) 

 

 

Figure 7. Masonry Block Gross Unit Weight – CO2e Relationship (LWC-PF Mortar Design) 

 

For LWC-P and LWC-PF mortar designs, as the unit volume weight of the masonry block elements 

increases, the CO2e values increase with a trend that can be considered linear. In other words, when the unit 

weight of the masonry block product produced with an equivalent mixture design increases due to the 

change in geometric design, size and/or configuration, the CO2e value on a product basis also increases. In 

this context, minimum density gains importance in the production of low-emission block elements. Within 

the scope of the study, in the block elements produced with LWC-P mortar, the unit volume weight change 

in the blocks obtained with the highest density (SLDB) and the lowest density (FRHB) was 1.65 times, 
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while the change in CO2e values was 2 times. Similarly, in the block elements produced with LWC-PF 

mortar, the unit volume weight change in the blocks obtained with the highest density (SLDB) and the 

lowest density (FRHB) was 1.67 times, while the change in CO2e values was 2 times. 

 

4. RESULTS AND RECOMMENDATIONS  

This study analyzed the carbon footprint of lightweight concrete masonry blocks by evaluating CO2 

emissions based on different mix designs and block configurations. The key findings can be summarized 

as follows: 

1. The highest embodied carbon emission values in both mortar designs (LWC-P and LWC-PF) 

were attributed to the cement component. The replacement of 2.90% cement by volume with 

fly ash in the LWC-PF design resulted in a 31% reduction in the total embodied CO2 emission 

value per cubic meter of mortar. 

2. The CO2 emission values of pumice-based masonry blocks varied between 0.879 and 1.757 

kgCO2e per block, with the highest emissions observed in the SRHB solid block design and 

the lowest in the FRHB hollow block design. This highlights the significant impact of 

geometric design on emission values, where reducing the amount of mortar used per block led 

to lower CO2 emissions. 

3. The incorporation of fly ash into the mortar mix reduced the CO2 emissions of block elements 

by 30.8%. This reduction was consistent across different block designs and was also reflected 

in emissions per square meter of wall construction, where LWC-PF-based walls exhibited 

lower emissions compared to their LWC-P counterparts. 

4. A nearly linear correlation was observed between the gross unit weight and CO2 emissions of 

masonry blocks. Blocks with higher unit weights exhibited increased carbon emissions, 

emphasizing the importance of designing lightweight masonry units to achieve lower 

environmental impact. 

5. The study demonstrates that using lightweight aggregates and supplementary cementitious 

materials like fly ash can significantly reduce the carbon footprint of masonry blocks without 

compromising performance. This finding supports the adoption of sustainable construction 

materials for reducing environmental impact in the building sector. 

In conclusion, optimizing mix designs by incorporating fly ash and refining block geometries can 

serve as effective strategies for minimizing the carbon footprint of masonry block production. Future 

research can explore additional supplementary cementitious materials and innovative geometric 

configurations to further enhance sustainability in masonry construction. 
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