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Abstract

This study evaluates the environmental impacts of commonly used building materials in the
Indian construction sector through a lifecycle approach. Using Environmental Product
Declarations (EPDs) as primary data sources and supported by stakeholder surveys, the research
identifies gaps in India-specific embodied carbon data and establishes average Global Warming
Potential (GWP) values across major material categories

GWP values were standardized to consistent functional units and analyzed using statistical
methods to enable meaningful comparison. The findings highlight significant variations in
emissions, with steel and cement emerging as the highest contributors, while materials such as
insulation and flooring demonstrate comparatively low impacts.

The study underscores the need for a national repository of verified material-specific GWP data
to support informed design decisions, policy development and green building certifications. By
presenting regionrelevant benchmarks, the research provides a foundational reference to advance
lowcarbon material selection and strengthen India’s transition toward sustainable construction.
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1. Introduction

The transition from conventional materials to sustainable materials is escalating rapidly in the
global construction sector owing to factors such as environmental degradation, climate change
and resource scarcity. The building sector holds approximately 40% of global energy
consumption and nearly 33% of greenhouse gas (GHG) emissions, which makes the construction
industry one of the significant contributors to global warming (IEA, n.d.).

In developing countries, market practices and regulations such as green certifications, carbon
taxes, and whole life carbon limits are driving the architects, developers, material suppliers and
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clients to assess the construction sector from a perspective of life cycle. For example, the
Environmental Product Declarations (EPDs) are mandated by the European Union for public
procurement under EN15804(European Union, 2017), while the “Buy Clean” policy of
California is intended to integrate embodied carbon disclosures into the projects which are
funded by state (CalEPA). Global developments like these reflect that decarbonization of the
building sectoris not just dependent on the operational energy butalso on the embodied carbon
across its life cycle. (World Green Building Council, 2019).

Interior materials and structural elements contribute to a significant number of emissions,
especially the operational carbon, which marks an urgency to compare the emissions intensities
of various materials and thereby benchmark them globally. Therefore, to identify “hotspot”
materials and complement informed selection of materials across the market, it is essential to
have comparable and transparent metrics. (Chau et al., 2015).

While in the Indian context, the importance of decarbonizing the buildings is equally critical
which comes with its own set of opportunities and challenges.Owing to rapid urbanization, India
is facing a high demand for infrastructure and housing developments. Thus, the selection of
materials todayhave the tendency to lock the emissions for many decades. (AEEE, 2024, IEA
India Energy Outlook, 2021).

In the previous years, Indian regulations and policies have focused on reduction of the
operational energy demand through standards such as Energy Conservation Building Code
(ECBC) while giving less importance to the emissions of products through their life cycle. (BEE)
However, in the evolving trends, recent initiatives focus more on integrating Life Cycle
Assessment and product’s carbon footprints through codes that include Sustainable Building
Codes and Bureau of Indian Standards. (BIS, MoEFCC).

Green building rating agencies such as GRIHA Council have also added to reduction of
embodied carbon of building materials through Green Product Certificationsvia GRIHA Product
Catalogue. In addition, GRIHA rewards points across its various rating variants for reduction of
Global Warming Potential through Life Cycle Assessment,andfor use of EPD certified materials.
(GRIHA Council). Efforts like these have pushed Indian manufacturers to initiate publishing
product EPDs to combat competitions and stay in limelight in both national and global market.
(EPD India Program, EPD International).

Nevertheless, India specific database for embodied carbon still remains a challenge, which
trigger the industry practitioners to depend on foreign repositories such as ICE Database (UK) or
Okobaudat(Germany), which leads to contextual gaps. (ICE Database, Okobaudat). This research
aims to fill this gap by assessing and analyzing EPDs which are available on public platforms
and thereby, derive average GWP values for interior materials which are commonly used in the
Indian market.
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Given India’s rapid urban growth and the rising need for low-carbon construction, this study
becomes crucial in bridging the gap in countryspecific embodied carbon data. By analysing
verified EPDs and deriving standardized GWP values for commonly used materials, the research
strengthens informed decision-making, supports green rating compliances, and lays the
groundwork for developing a national database for sustainable construction.

1.1 Global Warming Potential (GWP) and Environmental Product Declarations (EPDs)

Global warming potential (GWP) is an indicator of impacts that measure the effect of greenhouse
gases over a defined time horizon that is relative to carbon dioxide (COy). It is expressed in kg
CO: equivalents. (IPCC) It enables conversion of emissions of various gases that includenitrous
oxide, methane, etc. in a common metric for climate change. In life cycle assessments (LCA) of
various building materials, GWP is the prominent reported indicator due to its ease of
interpretation and relevance to the global climate policy.

An Environmental Product Declaration (EPD) is a third party validated document that outlines
environmental performance of a product throughout its life cycle which includes GWP, based on
ISO 14025, ISO 14040/44, and EN 15804 standards (ISO, CEN).In case of building materials,
EPDs provide emission data throughout the stages of their life cycle which includes extraction of
raw materials, processing, manufacturing, transportation and disposal. These results are
standardized into basic functional units (eg. per ton of steel or per cum. of cement), which allows
meaningful comparison of products. (Environdec)

The EPD reporting process includes defining the scope and goal (Image 1), performing an
inventory of the life cycle, formulating impact analysis, interpreting results and then going
through third party verifications and validations. These EPDs entail multiple benefitsthat include
accountability,credibility and transparency for users as well as verifiers. Apart from these, EPDs
serve as a reference database that contributes to the development of regional and national
repositories that can be used by policy makers, researchers and industry practitioners for
benchmarking of GWP emissions of various building materials in a specific context.
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LIFE CYCLE STAGES |

=

(1) Product Stage (1) Construction Process Stage (lll) Use Stage (IV) End of Life Stage
A1 Raw materials B1 Use C1 Deconstruction
A2 Transport B2 Maintenance C2 Transport
A3 Manufacture B3 Repair C3 Waste processing
A4 Transport B4 Replacement C4 Disposal
A5 Installation B5 Refurbishment
,ﬁ Stages being considered

Figure 1: Scope of Environment Product Declarations (EPDs)

1.2 Sustainable Buildings and Material Categories

Self-sufficient buildings (sustainable buildings or low carbon buildings) are designed in a
manner such that the impact on the environment is reduced, while end user comfort, health and
economic values are not compromised. These structures integrate strategies that help in reduction
of operational energy, embodied carbon, waste generation and water consumption. (World Green
Building Council, UNEP Buildings Initiative).

Materials play a vital role in deriving the environmental performance of a building. They can be
categorized into three broad categories: Structure, interiors and envelope. Considering the
structural aspect, steel and cement are the largest emitters of GHG emissions because of their
production process which energy intensive. (IEA, 2020, CSI, 2017).

Interior building materials such as furniture, false ceiling, insulation, plumbing pipes, and
flooring also contribute significantly due to their widespread use in residential and commercial
projects. Although, their contribution as a solo element is less, their use in buildings is intensive.
(BPIE, WBCSD).

Materials such as glass and walling blocks that form a part of the building envelope, also
contribute to GHG emissions substantially. The process of production of glass is energy
intensive which makes it a significant contributor, while the emissions of walling blocks is
dependent on the materials in which they are fabricated, example, walling blocks make up of
clay, fly ash, AAC, etc. (IEA Glass Report, TERI).
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2. Methodology

2.1 Research Design

The research has been presented in a mix mode approach wherein qualitative and quantitative
methods were combined to study the environmental impacts and performance of various building
materials used in India. The study was conducted in three parts which were as follows:

1. Data collection through surveys of various green building stakeholders

2. Study of Environment Product Declarations (EPD) reports of building materials

3. Comparative analysis of the average GHG numbers of various materials in the Indian
context.

The methodology has been drafted in line with ISO 14044 and ISO 14040 standards of Life
Cycle Assessments (LCA) which are also used in the EPDs. The structure of the study has been
written in accordance with the aforementioned standards to ensure that the research aligns with
the environmental assessment of internationally accepted standards.

2.2 Stakeholder Survey
2.2.1 Purpose and Scope

To understand the general consensus, ongoing practices and knowledge gaps pertaining to the
environmental impacts of various building materials in the Indian context, an extensive study
was done through comprehensive surveys of stakeholders practicing in the field of green
buildings. The main intent behind this survey was to understand the need for GHG numbers in
the green building market and thereby understand the materials that require more focus as per the
stakeholders’ opinions.

2.2.2 Stakeholder Selection

The survey was conducted for over 50 stakeholders in the green building market which included
architects, engineers, green building consultants, real estate developers, EPD and LCA
practitioners, officials from green building agencies like GRIHA Council. The survey group
comprised people from diverse fields to ensure that all the aspects of the green building
ecosystem is tapped through this survey.

2.2.3 Survey Instrument and Administration

A questionnaire was structured and designed through Microsoft forms,supported by in-person
interviews wherever required. The questionnaire consisted of both open-ended and closed ended
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questions which were aimed at gaining quantifiable data and qualitative insights. The key topics
on which the questionnaire was based included the following:

What is the scope of EPD.

What is the adoption rate of EPD in the Indian market.

What are the cost aspects of the EPDs.

What tools are used for EPDs.

Is there sufficient data available in the market.

Are the EPD reports helping the stakeholders to define certain benchmarks.

AN e

2.2.4 Analysis of the data

The results of the survey were assessed using thematic content analysis and the descriptive
statistics methods. The survey had revealed that there is a lot of data which is available in the
Indian market, however, there is no proper directory. Further, as per the studies, it was identified
that although there is a huge quantum of available data, Indian specific content still remains a
challenge.Over 70% of the stakeholders’ responses emphasized the need for India specific GHG
numbers that can be used for material selection which is environmentally responsive. The survey
justified that there is an urgent need to creating a data repository wherein India specific GHG
numbers are available.

3. EPD Review and Material Selection
3.1 Environmental Product Declarations (EPDs) as Data Sources

Environmental Product Declarations (EPDs) are documents that are verified by third parties and
represent product related environmental data which is quantitative and considers the entire life
cycle of a product. It is based on standards such as ISO 14025 and EN 15804. In this study,
EPDs were chosen as the primary source of data due to their transparency, reliability and
accuracy that is accepted globally. The study emphasis on EPD reports that were available in the
public domain pertaining to both national and international repositories which includes EPD
International, manufacturers directories and Indian Life Cycle Database (ILCD).

3.2 Criteria for Material Selection

Based on the survey and the ongoing trends in the Indian construction sector, the below
mentioned building materials (Image 2) was considered for an in-depth study:

Steel
Cement
False ceiling

el S

Furniture
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5. Plumbing pipes
6. Insulation
7. Flooring
8. Glass
9. Walling blocks
BUIDLING MATERIALS ‘
INTERIORS
@ + False Ceiling *+ Cement
« Plumbing  + Furniture
Pipes + Insulation
ENVELOPE

* Glass w
*  Walling Blocks

Figure 2: Materials used in buildings.

The EPD reports that considered the stages from cradle to gate emissions (Global Warming
Potential - GWP, measured in kg CO2-equivalent) were studied for the research. Furthermore,
Indian specific EPD reports of building materials were given preference to ensure regional and
contextual accuracy.

4. Data Normalization and Comparative Analysis
4.1 Data Cleaning and Standardization

Owing to the wide range of EPD reporting and its formats, it was essential to opt for data
normalization for a logical comparison. All the GWP values extracted from various EPD reports
were standardized to functional units as per Tablel.The harmonization of variations in the
reporting stages i.e. Al — A3 was necessary to include grade to gate emissions and have
uniformity in the study.
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S. No. Building Materials Standard unit

1 Steel Tonne (ton)

2 Cement Cubic meter (cum.)
3 False Ceilings Square meter (sqm.)
4 Furniture Unit

5 Plumbing pipes Running meter (m)
6 Insulation Square meter (sqm.)
7 Flooring Square meter (sqm.)
8 Glass Square meter (sqm.)
9 Walling blocks Cubic meter (cum.)

Table 1: Standardization of functional units for GHG comparison

4.2 Comparative Analysis

A comparative analysis of the GHG emissions of the selected interior materials from the Indian
companies was done. For each category of materials, multiple EPD reports were studies and
GWP-Total (kg CO2 eq) were analyzed. The mean, median, range and standards deviation
methods were used for constructing a comparative matrixand thereby understanding the
variability and high impact materials.

The comparative analysis portrayed notable difference in the GWP values of various interior
materials due to the process of manufacturing, use of recycled content, re-used materials, raw
material sourcing techniques, energy consumption, etc.

5. Limitations and Assumptions

Although EPDs help with extraction of robust environmental data, there were certain limitations
that were identified:

e Not every EPD used in the research was specific to India, few were from similar
geographical contexts such as Southeast Asia.

e Emissions of transportation and use phase were excluded from the study in order to
maintain consistency with the cradle to gate scope.

e Complete datasets were not available in some of the EPD reports because of proprietary
constraints, these documents were excluded from the study.

e Owing to unavailability of data, regional variations in product practices was not
completely accounted in the Indian context.
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6. Conclusion

The aim of the study was to compare and quantify the environmental impacts of the building
materials which are commonly used in the Indian construction industry by analysis of their
Environmental Product Declarations (EPD) reports. Through a thorough study of national and
global EPDs and supported by inputs from the stakeholders and standard normalization, the
research paper has derived the average Global Warming Potential (GWP) values of materials
categories namely envelope, structure and interior materials (Table 2). These results serve as a
reliable benchmark for analysing the embodied carbon values of construction products of the
Indian market. However, the region-specific data has been historically limited.

S.No. | Materials Average GWP Number Functional Unit
(kg CO; eq.)

1 Steel 1341.62 per ton

2 Cement 664.08 per cubic meter

3 False ceiling 379.73 per square meter

4 Furniture 138.00 per unit

5 Plumbing pipes 128.40 per square meter

6 Insulation 2.94 per square meter

7 Flooring 64.77 per square meter

8 Glass 349.39 per square meter

9 Walling blocks 192.55 per cubic meter

Table 2: Average Global Warming Potential (GWP) values of materials categories

7. Insights and Implications

The result of the study highlights the differences in the embodied energy emissions across
different building materials. Inevitably, structural materials i.e. steel and cementevince the
highest GWP values which reflects their manufacturing process being highly energy intensive,
reliance on fossil fuels and extensive extraction of raw materials. This also falls in line with the
global literature that repeatedly defines steel and cement as largest emitters of embodied carbon
in the built environment. Their dominance highlights the dire need for interventions that are
required technologically such as replacement of these materials with alternative materials with
recycled contents and, making their production and manufacturing more energy efficient.

In relation, interior materials such as insulation (2.94 kg CO: eq./sqm) demonstrate immensely
low emissions per functional unit. Studies define the use of insulation materials is very low in
India. Its low GHG number makes it a brilliant choice to balance embodied emissions and
operational carbon values. Similarly, the GHG emissions of flooring(64.77 kg CO: eq./sqm) and
plumbing pipes(128.40 kg CO: eq./sqm) are within moderate ranges which allows for flexibility
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in replacement with recycled materials without affecting the overall embodied energy emissions
of the building.

Interior materials such as glass and false ceiling(379.73 kg CO: eq./sqm) and glass (349.39 kg
CO: eq./sqm) demonstrate high GWP numbers. These materials are majorly used in the
commercial and institutional buildings, making them significant contributors of the carbon
emissions. It is crucial to make the stakeholders aware of the fact that though glass facade add
aesthetics to the structure it also infuses a high quantum of carbon emissions in the environment.
Solutions such as minimizing external glazing, integrating glass with recycled contentand
adopting modular ceiling systems is crucial.

The walling blocks (192.55 kg CO: eq./cum.) and furniture products (138 kg CO: eq./unit)
have lower emissions in comparison with rest of the materials. However, knowing their wide
range of applications, their combined emissions can be substantial. Therefore, their carbon
footprints can be reduced by local manufacturing, sourcing sustainable raw materials and
efficient processing.

7.1 Relevance for Stakeholders in the Indian Market

These GWP numbers can serve as a credible benchmark against which product efficiency and
innovation can be assessed. The proficiency to demonstrate GWP numbers through verified EPD
reports can scale up the product position of the manufacturers in the market, particularly as the
demand of green products and product certifications is growing.

For architects and real estate developers, the GWP data serves as a transparent reference
which helps in informed selection of materials at the design stages. Integration of GWP metrics
and numbers at the time of design often helps in avoiding cost centric choices which otherwise
portrays as implications of the environment. When supported with rating agencies like GRIHA
Council, these GWP numbers can directly help the building materials in achieving points and
thereby get rating for upcoming green buildings in India.

For certification agencies and policy makers, this research paper helps in formulating data
which is region specific. Database available on the international platforms often fails to capture
the indigenous productions which comes out as a barrier for India specific LCA data. By
capturing country specific average numbers, this research lays foundation for creation of a
standard database that can be used in Indian context, public policies, building codes and
certification agencies. The GWP values also provide a benchmark for comparative analysis of
the materials that come up in the future for LCA practitioners and consultants.
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8. Way Forward

The research findings highlight the urgency of widening of database which is specificto India so
as to include wider range of building materials and regional production variations. A national
database of validated GWP numbers, accessible to all the building stakeholders, would elevate
the transparency, credibility and accountability in the sustainability claims. Furthermore,
integrating the EPD analysis and reporting metrics into the policy frameworks and procurement
processes could facilitate a shift towards a low carbon Indian market which would push
manufacturers to adopt for clean technologies, and thereby, strengthen India’s commitment to
Net Zero by 2070.

Eventually, the research demonstratesthat well-grounded EPD validated GWP values are not just
academic outputs but also serves as a tool to empower the stakeholders across the Indian
construction chain. Incorporating these data-driven insights into design and regulatory decisions
will be essential to lowering the sector's carbon footprint as India continues to urbanize rapidly
and building sector is expected to expand tremendously. These numbers provide the evidence
underpinning for a more climate-responsive and sustainable built environment in India, which is
an important step in achieving that goal.
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