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Abstract - This study evaluates the embodied carbon
emissions associated with residential construction in India,
focusing on a single-story reinforced cement concrete (RCC)
building in Mahbubnagar District, Telangana. Using the Whole
Life Carbon Assessment (WLCA) framework developed by the
Royal Institution of Chartered Surveyors (RICS), the study
examines emissions across key life cycle stages- material
production stage (A1-A3), material transportation stage (A4),
and construction stage (A5) for four primary building
materials: cement (OPC), steel Fe 550D, aggregates (Fine &
Coarse), and Solid Red bricks. Results reveal that the
production stage (A1-A3) contributes the majority of
emissions, followed by the transportation stage (A4) and
construction stage (A5). Cement (OPC) is the largest
contributor, accounting for 40.21% of total emissions. This
study highlights the critical need for sustainable material
sourcing and efficient construction practices to mitigate the
environmental impact of India's rapidly growing housing
sector. The findings serve as a basis for developing strategies
to achieve low-carbon residential buildings.
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INTRODUCTION
GHG Emissions

Any gases that contribute to the greenhouse effect that
causes global warming. The primary greenhouse gases in the
Earth's atmosphere are: carbon dioxide (CO;), methane
(CH4), nitrous oxide (NO2), ozone (03), chlorofluorocarbons
(CFCs), and water vapor (H,0) [1].

According to India's Biennial Update Report (BUR 3)-
2021, the iron and steel sector (1A2a), CO, contributed to
5%, while the cement production (2A1), CO, accounted for
4% and electricity production (1Ala) CO, was the single
largest source in this category, accounting for about 40% of
the national total GHG emissions in 2016 [2]. The other
sectors, together contributed about 10% to energy sector
emissions with approximately 60% share coming from the
residential sector (1A4b) CO, [2]. The manufacturing

industries and construction together emitted 18.68% of total
emissions from the energy sector, which accounted for about
75% of the total GHG emissions for the year 2016 [2]. Refer
Fig: 1.
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Fig-1: Greenhouse gas emissions by category, GgCOZ2e,
2016. SOURCE: [2]

Carbon Emissions during the Life Cycle of Buildings:

Carbon is generally classified into three categories -
Embodied carbon, Operational carbon, and End-of-life
carbon.

« Embodied carbon is the result of the supply chain
(transport), extraction, processing, and manufacturing of
building materials, before construction and during
construction or renovation activities.

¢ Operational carbon is from the use of energy,
materials, and the generation of waste during building
operations and renovations.

« End-of-life carbon shall also be considered which is
pertinent during the demolition of buildings and recycling of
materials & technologies (resource circularity) [3].
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Embodied emissions represent the carbon emissions
associated with building and infrastructure products and
construction, from raw material extraction to manufacturing,
transportation, and end-of-life disposal or recycling.
Embodied emissions represent a significant amount of
annual global emissions [4]. Annually, embodied from the
built  environment (buildings, landscapes, and
infrastructure) are responsible for 15% of global GHG
emissions and 35% of global built environment emissions
[4]. It is anticipated that embodied emissions will be
responsible for the majority of the emissions associated with
global new buildings and infrastructure between now and
2030 [4]. The built environment generates 40% of annual
global CO, emissions. Of those total emissions, building
operations are responsible for 27% annually, while building
and infrastructure materials and construction (typically
referred to as embodied carbon) are responsible for an
additional 13% annually [5]. Refer Fig: 2.
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Fig-2: Annual Global CO, Emissions; Source: [5]

As the housing sector in India is experiencing rapid
growth, it's also leading to a corresponding increase in
carbon footprint. While mega construction projects such as
airports, metro railways, and tunneling projects contribute
significantly to carbon emissions. Residential buildings on
the other hand, collectively produce substantial amounts of
carbon emissions throughout the building's life cycle stages,
namely, the Product stage (A1-A3), Construction process
stage (A4 & A5), Use stage (B1-B5) and End of Life stage (C1-
C4) [6]. Refer Fig: 3.
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Fig-3: Building and infrastructure life cycle stages and
information modules (adapted from EN 15978, EN 17472
and EN 15643, with additions to illustrate biogenic
carbon); Source: RICS WLCA-2nd Edition [6].

In India, a significant portion of the population belongs to
the middle-class bracket. Within this demographic, the
expectations for residential construction among average
middle-income households prioritize maximizing available
space, minimizing construction expenses, procuring
standard-quality materials at affordable prices, and ensuring
structural durability without compromise. However, there is
limited awareness regarding the substantial carbon
emissions associated with various stages of a building's
lifecycle. Unfortunately, this aspect has received very little
attention thus far. To address this knowledge gap and
increase awareness, this study adopts a framework
published by the Royal Institution of Chartered Surveyors
(RICS) to assess the CO, emission (Embodied Carbon) of
building for 4 key materials - cement, steel, aggregates (fine
and coarse) and solid red bricks from product stage to
construction process stage of the building.

METHODOLOGY

In this study, A WLCA framework is adopted to assess the
embodied carbon of building key materials - cement (OPC),
reinforcement steel bars, aggregates (Fine & Coarse), and
Solid Red bricks for a single-story RCC residential building
located in Town region of Mahbubnagar District, Telangana
State, India. The quantity of these materials was derived from
the available technical drawings of the building.
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Table -1: Quantity of Building Materials

S.No | Material Name ?[lria"ll‘l:ntynes)
1 Cement (OPC) 375

2 Steel Rebar Fe550D 6

3 Fine Aggregate (Sand) 192

4 Coarse Aggregate 70

5 Solid Red Bricks 84

The assessment is carried out for Life Cycle Stage A, from
module Al (product stage) - to module A5 (construction
stage). Module A0 (pre-construction stage) is neglected as it
covers non-physical pre-construction activities, such as
surveys and activities associated with the design of the asset.
These can be a significant economic cost, butbuildings do not
normally have a significant environmental impact. Module AQ
is therefore generally assumed to be negligible for buildings
[6]. Refer Fig: 3.

2.1 Product Stage (A1-A3)

The product stage deals with the carbon impacts attributable
to cradle-to-gate processes (A1-A3): raw material extraction
and supply (A1), transport (A2), and manufacturing (A3) [6].

The assessment of carbon emissions stemming from carbon
compounds within raw materials and their extraction
involves analyzing the material composition. Conversely,
determining emissions resulting from the manufacturing of
raw materials necessitates a comprehensive examination of
the manufacturing and processing processes leading to the
final product leaving the manufacturer's site. The third type
of embodied carbon, arising from machinery depreciation, is
frequently overlooked.

Nevertheless, the embodied carbon coefficients of materials
exhibit considerable variation, contingent upon the
manufacturing techniques employed, technological
advancements, properties of raw material sources, and
available transportation methods, among other factors.

The carbon impacts attributable to the product stage of the
items included in the WLCA must be calculated by assigning
suitable embodied carbon factors to the elemental material
quantities [6].

For instance, Embodied Carbon, for the production stage, A1-
A3 = material quantity x material embodied carbon
factor/coefficient. The embodied carbon is expressed in Kg-
CO.e/Kg.

For this study, the embodied carbon factors/coefficients were
taken from the IFC-India Construction Materials Database

Methodology Report [7]. In India, the concept of embodied
carbon s still in its infancy. A reliable database specific to the
Indian context, containing carbon emission coefficients for
locally produced and available materials, has yet to be
established.

Table-2: Embodied Carbon Coefficients-IFC-India
Construction Materials Database [7].

Embodied
Carbon

S.No Material Name Coefficient Reference
Kg-CO,e/Kg

1 Cement (OPC) 091

2 Steel Rebar Fe550D 2.6

3 Fine Aggregate (Sand) | 0.009 [7]

4 Coarse Aggregate 0.009

5 Solid Red Bricks 0.39

Therefore, for the production stage, A1-A3, on multiplying
the material quantity with their corresponding embodied
carbon factor/coefficient, we have, 84.853 tonnes of
Embodied Carbon emission.

Table 3: Embodied Carbon Emission in Production Stage

(A1-A3)
S.No Material Name Quantity E;rll"tl;(())(rjlied
(In Tonnes) (TCOe/T)
1 Cement (OPC) 375 34.125
2 Steel Rebar Fe550D | 6 15.6
3 f;gi & Aggregate | g, 1.728
4 Coarse Aggregate 70 0.63
5 Solid Red Bricks 84 32.76
Total Quantity of Embodied Carbon (In Tonnes) | 84.853

According to Table 3, in the production stage, cement
emerges as the primary contributor to embodied carbon
emissions among various building materials. Specifically, out
of 37.5 tonnes of cement, 34.125 tonnes of embodied carbon
(40.21%) were emitted during stages A1-A3.
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EMBODIED CARBON EMISSION IN PRODUCTION STAGE (A1-A3)

Corresponding Embodied Carbon(TCO,e/T)
Material Quantity (In Tonnes)

Cement  Steel Rebar Fine Coarse  Red Bricks
(oPq) Fe550D  Aggregate Aggregate
(Sand)

™ Material Quantity (In Tonnes) Corresponding Embodied Carbon(TCO,e/T)

Chart 1: The total embodied carbon emissions during the
Production Stage (A1-A3).

2.2 Transportation Stage (A4)

The building materials required for building construction are
transported from the manufacturing and production plant to
the construction site by different Freight Vehicles (Lightand
Heavy Trucks).

The average fuel efficiency considered for Medium Duty
Vehicles (MDV) is 4.46 KMPL (Diesel) and the Emission
factor for petrol (Diesel) is 2.6444 Kg-CO,/litre [8].

Dividing fuel emission factor by fuel efficiency, we have,
2.6444/4.46 = 0.5928 kg-CO,/Km

Therefore, Medium Duty Vehicle (MDV) Emission factor,
iem (kg-CO,/km) = 0.5928 kg-CO,/km (Diesel).

Similarly, we can also calculate Heavy Duty Vehicle (HDV)
Emission factor,

iem (kg-CO2/km) = 0.7375 kg-CO,/km (Diesel).

Table 4: GHG Emissions of MDV and HDV per KM as per
India GHG Program data available [8].

S.No Vehicle Type Kg-CO,/Km
1 MDV (<12T) 0.5928
2 HDV (>12T) 0.7375

From the available records of the construction site, the
number of trips that occurred for the building materials to
be transported from the manufacturing and production plant
to the construction site by different freight vehicles can be
evaluated. From this, the distance of MDVs/HDVs traveled in
kilometers and the corresponding CO, emission released
from the vehicles can be calculated.

We have, CO, emission released in transportation stage (A4)
of building materials,

z (I’ITX iem)
Here,

nr = Number of trips occurred from manufacturing and
production plant to the construction site by different freight
vehicles.

iem = Emission factor for Heavy Duty Vehicle (HDV) and
Medium Duty Vehicle (MDV).

Therefore, the embodied carbon of the building materials
generated at the Transportation Stage was computed to be
4.661 tonnes.

Table 5: Embodied Carbon Emission in Transportation

Stage (A4)
Total
uanti i
Material Q ty Vehicle Type Distance co.
(In Travelled Emission
Name MDV/HDV
Tonnes) (Up-Down) | In Tonnes
In Km
c Open Body
(gg’ce)“t 375 Truck 370 0.272
(HDV >12T)
Open Body
gteeseéoRDe Pl Truck 556 0.329
(MDV<12T)
Fine Open Body
Aggregate | 192 Truck 4428 3.265
(Sand) (HDV >12T)
c Open Body
oarse 70 Truck 400 0.295
Aggregate
(HDV >12T)
. Open Body
;‘;i’cis Red | g4 Tractor 840 0.498
(MDV<12T)
Total Quantity Of Embodied Carbon (In Tonnes) 4.661
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Embodied Carbon Emission in Transportation Stage
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Chart 2: The total embodied carbon emissions during
Transportation Stage (A4)

2.3 Construction Stage (A5)

The construction phase of the single-story RCC residential
building was completed in 8.5 months. During this period,
the potential sources of CO, emissions were identified. The
primary sources of CO, emissions during the construction
phase were found to be:

e Consumption of Electricity - Welding Machines,
Temporary Site Lighting, Power Tools (Drills, Saws,
Grinders), Water Pump, Vibrator (For Concrete
Compaction).

e Consumption of Fuel (Diesel) - Hand-fed Portable
Concrete Mixer, Excavator, Generator (Backup
Power Supply).

Construction sites are a major sector and significant
consumers of electricity. The required electricity for this
construction site is supplied by TGSPDCL (Southern Power
Distribution Company for Telangana Limited) [9]. Carbon
emissions during the production stage and the Transmission
& Distribution (T&D) stage are taken into account for the
calculation. The electricity consumption for the first month
was recorded as 790 kWh (0.79 MWh). Assuming constant
electricity usage, i.e., 790 kWh throughout the construction
period, i.e., 8.5 months, and accounting for an 11.46%
electricity loss during the transport and distribution stage
[10], Therefore, the electricity usage for the total
construction period (e.g., 8.5 months) can be determined by
multiplying the monthly usage by the number of months:

0.79 MWh/month x 8.5 months = 6.715 MWh
Accounting for 11.46% Electricity Loss:

To account for the 11.46% electricity loss during transport
and distribution, we calculate the total electricity required to
meet the 6.715 MWh of consumption:

Total Electricity Consumption,

= Consumption/ (1-Loss Fraction)
Substituting the values:

Total Electricity Consumption,
=6.715/ (1-0.1146) = 7.58 MWh.

According to the Central Electricity Authority (CEA) of India
- CO, Baseline Database for the Indian Power Sector V19, the
CO, emission factors for the national grid include Telangana
as part of the Southern region. As per the latest data
available for the fiscal year 2022-2023, the weighted average
emission factor for the Indian Grid is 0.823 tonnes of
CO,/megawatt-hour (t CO,/MWh) [11].

Therefore, the total carbon emissions from electricity
consumption are calculated as:

7.58x0.823 = 6.24 tonnes of CO,

Petrochemical fuels such as diesel, gasoline, and kerosene
are used to operate machinery at construction sites. The
amount of fuel consumed varies daily, depending on the
machines' operating hours and frequency of use.

The average monthly fuel consumption was calculated to be
200 liters of petrol and diesel combined. Most of this fuel
was used for operating the Hand-fed Portable Concrete
Mixer and excavator, which would be completed within 2
months.

Therefore, the total fuel consumption =200 x 2 = 400 litres.

The carbon emissions produced during the refining process
of gasoline for petroleum manufacture amount to 0.3140 Kg-
COe/liter of fuel [12].

The total equivalent carbon emissions resulting from fuel
consumption can be expressed as follows.

400x 0.3140 = 1.256 tonnes of eCO,,

As aresult, the total embodied carbon emissions during the
construction stage (A5)

(6.24 + 1.256) = 7.496 tonnes of CO,
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EMBODIED CARBON EMISSION CONSTRUCTION STAGE (A5)
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Chart 3: The total embodied carbon emissions during the
construction stage (A5)

Total Embodied Carbon of the Building

The total embodied carbon of the building, accounting for
the material production phase (A1-A3), transportation phase
(A4), and construction phase (A5), is calculated as:

(84.853 + 4.661 + 7.496) = 97.01 tonnes of CO,

Contribution of each Life Cycle Stage to Total Embodied
Carbon

= Material Production Stage (Al-
A3)

™ Transportation Stage (A4)

84.853,87%

Construction Stage (A5)

Chart 4: The contribution of each life cycle stage to total
embodied carbon

CONCLUSION

This study underscores the significant role of material
production in the carbon footprint of residential
construction. Cement dominates carbon emission,
highlighting the need for innovations in low-carbon
materials and efficient construction methods. Transportation
and construction phases also offer opportunities for
emission reductions through optimized logistics and
renewable energy integration. Policymakers and
stakeholders must prioritize these interventions to align
with India's sustainable development goals.
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