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Abstract

In the built environment, both construction and operation are significant contributors to greenhouse gas (GHG)
emissions. Among the materials used in the construction industry, concrete is globally recognized as a primary
source of GHG emissions. This study aims to evaluate the cradle-to-grave life cycle assessment (LCA) of concrete
to indicate its environmental impacts. The assessment is conducted for 1 m® of ready-mix concrete at two different
compressive strengths using the OpenLCA v2.4 software with data sources from the ecoinvent v3.11 database.
The system boundary includes production, construction, use, and end-of-life by following the 1SO 14040 and
14044 standards. Results show that the higher compressive strength of CC. exhibits higher environmental impacts
than the lower compressive strength of CCi.. Moreover, the Contribution analysis demonstrates that the
manufacturing process of Portland cement accounts for more than 70% of total environmental impacts in all
categories except ozone depletion. Contribution analysis further identified much smaller roles of aggregates and
transportation. The elementary flow analysis identifies CO, and NOy, and SO as the major emitters, and CC,
shows slightly higher emissions to air and water compared to CC,. Therefore, according to all the results, CC; is
environmentally friendly and sustainable material than CC,. In conclusion, the cradle-to-grave assessment gives a
comprehensive evaluation of the environmental footprint and establishes benchmarks for sustainable alternatives.

Keywords: Cradle-to-Grave; Life cycle assessment; OpenLCA v2.4; Ecoinvent v3.11 database; Global Warming
Potential.

1 Introduction

Climate change has become one of the most challenging environmental issues in recent decades. It is posing severe
threats to sustainable development in the future, including natural disasters and rising sea levels. Reduction of
environmental impact in the construction industry has become an urgent demand in a densely populated country
like Bangladesh. Concrete is one of the most important materials in the construction industry and is recognized as
the second widely used substance, after water (Miller et al., 2018). The building construction sector is the second
largest source of global carbon dioxide (CO,) emissions and contributes nearly 33% of the total (Urge-Vorsatz &
Novikova, 2008). The production of Conventional concrete (CC) is highly energy-intensive and produces
significant carbon dioxide, particularly from cement manufacturing, transportation, construction activities, and
demolition. These ecological burdens highlight the necessity of adopting comprehensive methods to evaluate the
environmental footprint of concrete throughout its life cycle. To evaluate environmental performance, life cycle
assessment has emerged as an analytical tool (Kotaji S et al., 2003). Moreover, Vince et al. (Vince et al., 2008)
proposed that LCA serves as an effective instrument for supporting environmental decision-making in construction
practice. The ecoinvent datasets are used for this study to consider the full range of environmental releases to
support life-cycle impact assessment across impact categories using the Tool for Reduction and Assessment of
Chemicals and Other Environmental Impacts (TRACI) (Bare, 2011) or other life-cycle impact assessment methods.
Despite the recognized value of LCA, many studies on conventional concrete have focused primarily on partial
assessment, such as cradle-to-gate and cradle-to-practical-completion analysis. To address this research gap, the
present study conducts a cradle-to-grave LCA of conventional concrete with two different compressive strengths,
aiming to provide a comprehensive evaluation of the environmental impacts and identify a more sustainable option

2 Materials and Methods

To ensure a comprehensive evaluation of environmental performance from its production to the demolition and
disposal, this LCA study follows the SO 14040 and 1SO 14044 standards (IOFS 2006a, 2006; IOFS 2006b, 2006).
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All process modeling and calculations are carried out using OpenLCA v2.4 software to support sustainable
materials selection.

2.1 Scope, Functional unit, and System boundary
The scope of this study is to conduct a comprehensive cradle-to-grave Life Cycle Assessment (LCA) of

conventional concrete to choose the best option. 1 m® of wet ready-mix concrete is used as the functional unit. The
system boundary is cradle-to-grave, from raw materials supply to landfill, as presented in Figure 1.
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Figure 1. Cradle-to-grave System boundary and workflow diagram for concrete

2.2 Conventional Concrete Mix Design
Jayasinghe (1998) developed and tested several mix designs. Among these, two mix designs are included for a

comparative analysis in order to determine whether an environmental improvement is attained. The mixture
proportion per m® of CC is given below in Table 1.

Table 1. CC mix composition

Components (kg/m?®) CC:-53 MPa CC2- 63 MPa

Cement 452 475

Sand 690 675

Gravel 1035 1080

Water 190 166
Admixture 0 0.9
Total wet density (kg/m?) 2425 2425
Cement 452 475

2.3 Life Cycle Inventory

Life cycle inventory refers to the systematic compilation of all resource inputs (such as materials and energy) and
all environmental releases. The LCI data is obtained from two data sources: 1) Primary data source, 2) secondary
data source. Primary data are collected from relevant literature and laboratory testing values, whereas the secondary
data source is taken from the Ecoinvent v3.11 databases. The development of emerging LCA impact categories
and inventory datasets is still in progress. Local databases often face uncertainty regarding international
acceptance. Due to the lack of local databases, all required secondary LCI data for the assessment are obtained

from the Ecoinvent database and shown in Table 2.

2640



Swadheen Md. Masum Reza, Faisal Reza Ridoy, Md. Nazmul Islam Rafi & Sishir Das

ICCEI 2025
Table 2. Life cycle inventory data
Materials/Process LCI Data Source Year/Region
Cement ecoinvent 3.11: “cement production, Portland {IN} | cement, 2014/India

Portland | Cutoff, S” (2024)
Fine Aggregate  ecoinvent 3.11: “market for sand {IN}| sand | cutoff, S” (2024) 2014/India

Coarse ecoinvent 3.11: “market for gravel, crushed {IN}| gravel, crushed | 2014/India

Aggregate cutoff, S” (2024)

Water ecoinvent 3.11: “market for tap water {IN} | tap water | Cutoff, S” 2010/India
(2024)

Admixture ecoinvent 3.11: “market for polycarboxylates, 40% active 2011/Rest of

substance {RoW?} | polycarboxylates, 40% active substance | World
Cutoff, S” (2024)
Diesel ecoinvent 3.11: “machine operation, diesel, < 18.64 kW, low load 2014/Global
factor {GLO} | machine operation, diesel, < 18.64 kW, low load
factor | Cutoff, S” (2024)
Electricity ecoinvent 3.11: “market for electricity, low voltage {BD} | 2020/Bangladesh
electricity, low voltage | Cutoff, S” (2024)
Transportation ecoinvent 3.11: “market for transport, freight, light commercial 2019/South
(Road) vehicle, diesel, unregulated {ZA} | transport, freight, light Africa
commercial vehicle, diesel, unregulated | Cutoff, S (2024)
Transportation ecoinvent 3.11: “market for transport, freight, lorry, 3.5-7.5 metric  2019/Brazil
(Road) ton, diesel, EURO 2 {BR} | transport, freight, lorry, 3.5-7.5 metric
ton, diesel, EURO 2 | Cutoff, S” (2024)

2.4 Impact Assessment

After collecting all the LCI data in the system boundary, they are characterized into relevant environmental impact
categories. The categories include Acidification Potential, Global Warming Potential, Eutrophication Potential,
Ozone Depletion Potential, and Photochemical Ozone Formation. OpenLCA v2.4 is used for environmental
assessment modeling, and TRACI is used as an environmental assessment methodology. TRACI is a widely
applied methodology and generates a robust characterization factor for different environmental categoriesClick or
tap here to enter text..

3 Result and Discussion
3.1 Characterization Results

Table 3 presents the environmental impact categories value for CC with two different compressive strengths.
Particularly in GWP, CC; achieves 497.81370 kg CO: eq, which is 4.66% lower than CC,. Similarly, CC;
demonstrates reduced value in AP, EP, ODP, and POF compared to CC,. The following table reveals that higher
compressive strength shows slightly higher environmental impacts due to the larger cement demand, and provides
the identification to select the more sustainable option. Moreover, it is important to note that the current assessment
between CC; and CC, mixes is limited due to the lack of locally produced materials inventory data.

Table 3. Life cycle impact category results for CC;-53 MPa and CC»-63 MPa

Impacts category Unit CC1-53 MPa CC2-63 MPa
(Acidification Potential) AP Kg COz-eq 1.56517 1.63488
(Global Warming Potential) Kg SO2-eq 497.81370 521.04015

GWP
(Eutrophication Potential) EP Kg N-eq 0.97812 1.03094
(Ozone Depletion Potential) Kg CFC-11-eq 2.5380E-06 2.64421E-06
ODP
(Photochemical Ozone Kg Os-eq 36.22624 37.75598

Formation) POF
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Contribution analysis is an analytical method used to help interpret LCA results by identifying contributions of
individual processes, as presented in Figure 2. The analysis highlights that cement is the primary contributor,
accounting for more than 70% of the environmental impact for both concrete, while sand, gravel, and transportation
have much smaller effects. Although both concretes are dominated by cement-related impacts across all impact
categories, CC; exhibits marginally lower environmental effects due to reduced usage of cement proportion,
indicating its more sustainable materials compared to CC..
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Figure 2. Contribution analysis of both CC; and CC;

3.3 Elementary Flow Analysis
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Figure 3. Elementary flow Contribution to AP
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Figure 4. Elementary flow contribution to GWP
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Figure 7. Elementary flow contribution to EP

Figures (3,4,5,6, and 7) present the elementary flows analysis for both conventional concrete. The results indicate
that air emissions, such as nitrogen oxides, sulfur dioxide, and fossil CO., are identified as the dominant
contributors to AP and GWP, while bromotrifluoromethane, methyl chloride, and NMVOC are the main causes of
ODP and POF. Based on the above figures, CC,-63 MPa demonstrates slightly higher emissions compared to CC;-
53 MPa in each category due to the higher cement content used in its mix design.

4. Conclusion

The cradle-to-grave life cycle assessment provides a comprehensive evaluation of the environmental effects of
conventional concrete. The results demonstrate that cement is a notable contributor to environmental impacts
across all categories. In addition, Gravel, sand, and transportation exhibit noticeable impact in specific categories
such as ozone depletion and photochemical smog formation. Despite the structural advantages of higher-strength
concrete, it has a greater environmental footprint due to the usage of higher cement content. Fossil COx, nitrogen
oxides, and sulfur dioxide have emerged as key contributors to climate-related impacts. Most importantly, future
research suggests the urgent need to choose alternative materials such as fly ash or slag to reduce Portland cement
to ensure more environmentally friendly materials and focus on developing more regional LCI databases.
Moreover, the assessment highlights that LCA is an essential tool for selecting materials to ensure sustainable
construction practices.
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