
Akshatha, K.G., Palaniappan, S. and Pradeep Kumara Rao, M.K., 2025. Embodied carbon variability in 

Indian high-rise residential buildings: A case-based assessment. In: Waidyasekara, K.G.A.S., Jayasena, 

H.S., Wimalaratne, P.L.I. and Tennakoon, G.A. (eds). Proceedings of the 13th World Construction 

Symposium, 15-16 August 2025, Sri Lanka. pp. 623-634. DOI: https://doi.org/10.31705/WCS.2025.47. 

Available from: https://ciobwcs.com/papers/ 

 EMBODIED CARBON VARIABILITY IN 

INDIAN HIGH-RISE RESIDENTIAL 

BUILDINGS: A CASE-BASED ASSESSMENT 

K.G. Akshatha1, Sivakumar Palaniappan2 and M.K. Pradeep Kumar Rao3  

ABSTRACT 

The results of studies on embodied carbon in high-rise residential buildings are 

frequently given as a single-point estimate without considering the variability in results 
due to input parameter variability. This study examines the variability in embodied 

carbon of a 30-storey high-rise residential shear wall building with four datasets of 

embodied carbon factors that help to set up a baseline. The building embodied carbon 
was found to range from 373 kgCO2eq/m2 (IFC Indian database) to 530 kgCO2eq/m2 

(EPiC database), with a mean of 454 kgCO2eq/m2 and a standard deviation of 65.3 

kgCO2/m
2. Concrete and reinforcement steel are major influencers that contribute 80% 

of the embodied carbon of the high-rise residential building. The minimum and the 

maximum embodied carbon of concrete are 157 kgCO2eq/m2 and 247 kgCO2eq/m2, 
respectively. The embodied carbon of reinforcement steel varies from 141 kgCO2eq/m2 

to 207 kgCO2eq/m2. The analysis highlights the importance of understanding the 

variability in embodied carbon for establishing a reliable baseline, primarily for high-

consumption materials. 

Keywords: Embodied Carbon Assessment; High-rise Residential Building; Sensitivity 

Analysis. 

1. INTRODUCTION  

The building sector accounts for around 37% of the global greenhouse gas (GHG) 

emissions and more than 35% of global energy consumption, making it one of the most 

significant contributors to environmental impacts (United Nations Environment 

Programme [UNEP], 2023). In 2023, the worldwide greenhouse gas emissions touched a 

record 57.1 GtCO2eq, representing a 1.3% increase from 2022. India's total greenhouse 

gas emissions in 2023 were 4140 MtCO2eq, accounting for 8% of global emissions, a 6% 

rise over 2022. With per capita GHG emissions of 2.9 tCO2eq, India stays below the 

world average, but has substantial problems regulating growing emissions (UNEP, 2024). 

In India, compared to 2011, 0.6 billion people, or 40% of the population, will be living in 

metropolitan areas by 2036 (Kouamé, 2024), fostering a massive demand for residential 

housing, particularly high-rise residential buildings in urban cities like Delhi, Mumbai, 
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Chennai, and Bengaluru. High-rise buildings have significant material intensity, which 

makes addressing the embodied carbon a critical priority in the built environment. 

The entire life cycle of a building includes four phases: production, construction, 

operation, and demolition. The total life cycle carbon of a building consists of embodied 

carbon and operational carbon (Royal Institution of Chartered Surveyors [RICS], 2023). 

The building embodied carbon refers to the emissions from the mining of raw materials 

(A1), transport of raw material to the factory (A2), manufacturing of building material 

(A3), transport of material to the project location (A4), and onsite construction works 

(A5). Adding to this are the emissions from energy used for maintenance, repair, and 

renovation at regular intervals during the building's service life (B2, B3, B4, and B5). The 

operational carbon is from the energy consumed for lighting, heating, cooling, ventilation, 

appliances, and equipment. According to Ramesh et al. (2010), buildings typically 

account for 80–90% of their total energy consumption through operational energy and 

10–20% through embodied energy. However, embodied carbon alone makes up 27–58% 

of the building’s total lifecycle carbon emissions, depending on the future energy mix 

(Robati et al., 2021).  

Whole-life embodied carbon (WLCA) yields a benchmark of 1,300kgCO₂eq/m² for A-C 

stages, aligning with data from RIBA, GLA, and LETI (World Green Building Council 

[WGBC], 2022), making it a helpful baseline for future comparisons. In a high-rise 

residential building, 85% of the carbon emissions are related to the production phase (A1-

A3) (Zhang et al., 2023). The embodied carbon intensity for the production phase varies 

from 210.4 kgCO2eq/m2 to 769.4 kgCO2eq/m2; mean and median values are 379 

kgCO2eq/m2 and 370.8 kgCO2eq/m2, respectively. The embodied carbon intensities 

attributed to the material production and transportation phases are evaluated as 379 

kgCO2eq/m2 (89.9%) and transportation to the location, 45.1 kgCO2eq/m2 (10.1%) on 

average, respectively. The variations in the embodied carbon are higher due to the 

uncertainty in the data quality of the emission factors, due to the use of material energy, 

manufacturing process, and lifespan of products, primary energy sources, chemical 

processes, transport fuel type, and the extent of waste or recycling (Ibn-Mohammed et 

al., 2013), additional variations also from inaccurate quantity measurements and the 

methodologies adopted for calculations. 

This paper presents a case study to demonstrate the variability in embodied carbon of 

high-rise residential buildings using four different datasets, focusing on the contributions 

of material-specific embodied carbon to the overall building emissions. The scope of the 

study is limited to the production phase (A1-A3), and the materials commonly used in 

high-rise residential buildings, such as civil and finishing. The embodied carbon factors 

are considered for virgin materials without any replacement or waste material content 

included. The goal is to establish a more reliable baseline for future embodied carbon 

calculations. 

2. METHODOLOGY 

Figure 1 shows the method for assessing the embodied carbon emission with the different 

data sources and the sensitivity analysis at the building level. The input parameters for 

the embodied carbon calculation are the quantity of materials and the embodied carbon 

factors. The scope of the study is limited to the product stage. The data related to the 

embodied carbon factors are taken from peer-reviewed literature and technical reports. 
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The material quantities are taken from the bill of quantities (BOQ) and the related 

building drawings. The life cycle inventory data for the material are taken from the 

technical reports of ICE UK BATH, EPiC of Australia, IFC Indian data set, and the In-

house tool. These datasets have been selected because they are publicly available and 

account for global geographical conditions to understand the variability. 

 

Figure 1: Methodology considered for the embodied carbon assessment 

3. CASE STUDY  

A high-rise residential building project is considered for the embodied carbon assessment 

and to understand the variations in the embodied carbon factor's effect on the building-

level carbon emission. The project details are mentioned in Table 1. The work packages 

and the bill of quantities considered for the embodied carbon assessment are shown in 

Figure 2 and Table 2.  

Table 1: Description of the building 

Specification Building 

Number of floors 2B+G+30 floor 

Number of dwellings 420 

Floor height 3m 

Total building height 92.625m 

External wall  Concrete shear wall 160mm 

Total area of the project 4.1 Acres 

Super built-up area 6,98,321 sqft 

Total built-up area 8,97,710 sqft 

Type of dwellings 4BHK, 3BHK, 2BHK and 1BHK 
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Figure 2: Work breakdown structure 

4. EMBODIED CARBON ASSESSMENT 

Life cycle assessment is a process that quantifies and evaluates the material and energy 

flows of a system to understand its environmental impact. The embodied carbon of the 

material from cradle to factory is considered for the assessment because the impact is 

highest in the construction phase (Zhang et al., 2024). The material quantities were 

converted to the required unit, and the embodied carbon factor was multiplied to get the 

embodied carbon contribution under each material. Consistent material quantities were 

considered to manage variability across the database, while only the emission factors 

varied. The effect of variability in the embodied carbon coefficients of construction 

materials on the embodied carbon of the residential building is evaluated. The embodied 

carbon factor variation for each material for four different databases is presented in 

Figures 3 and 4. Calculation is done for all four cases. The embodied carbon calculated 

at the material level is represented in kgCO2eq, and at the building level in kgCO2eq/m2. 
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Table 2: Bill of quantities 

Building components Building materials Quantity UoM 

Foundation PCC 1459 m3 

 Concrete 10817 m3 

 Reinforcement 1350 MT 

Column, beam, and shear wall Concrete  16550 m3 

 Reinforcement 3150 MT 

Block work Solid blocks 5265 m2 

Plastering Cement 270300 kgs 

 M sand 1126.62 m3 

Flooring Vitrified tile 76750 m3 

 Cement tile 3432 m2 

 Granite 2295.3 m2 

 Cement 1398911 kgs 

 M sand 5701.24 m3 

Painting Gypsum plaster 8000 m2 

 Texture 56149 m2 

 Putty 409048 m2 

 Primer 262536 m2 

 Paint 153568 m2 

 Enamel painting 11416 m2 

Doors Wooden frame 2712 No’s 

 Wooden shutters 2712 No’s 

 Fire-rated GI door 1254 m2 

Window UPVC 445.71 m2 

 Glass 9164.29 m2 

Waterproofing HDPE membrane 12605 m2 

 Polymer cementitious  29887 m2 

 Cement 104672 kgs 

 Sand 291 m3 

False ceiling Gypsum boards 9221.15 m2 

 

Calcium silicate 

boards 
4365 m2 

Railing, Window grills MS 141.4 MT 

Miscellaneous works RCC precast slab 40 m2 

 Aggregate 60 m2 

 Concrete 5003.37 m3 

  Steel 100 kgs 
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Figure 3: Material embodied carbon factors for the four databases 
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Figure 4: Material embodied carbon factors for the four databases 

5. RESULTS AND DISCUSSION 

The embodied carbon of the building, from the sources considered, has the lowest value 

of 373 kgCO2eq/m2 (IFC) and the highest of 530 kgCO2eq/m2 (EPiC). This is due to the 

variation of embodied carbon factors. The average value is 454 kgCO2eq/m2, the standard 

deviation is 65.3 kgCO2eq/m2, and the Coefficient of variation (CV) is 14.40%. The 

embodied carbon emission from the material for all the cases at the building level is 

represented in Figures 5 and 6. 
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Figure 5: Embodied carbon emission (TonsCO2eq) 

 

Figure 6: Embodied carbon emission (kgCO2eq/m2) 

The concrete works and reinforcement steel contribute 80% of the embodied carbon for 

the overall embodied carbon emission, as shown in the Pareto chart in Figure 7. This is 

due to the shear wall construction and more RCC quantity. The variations in the embodied 

carbon of high-rise residential buildings are due to the variability in the embodied carbon 

factors of materials. The variability is mainly due to inaccurate and insufficient 

information for the quantification, diverse methodologies for assessing, improperly 

defined system boundaries, data quality, and a lack of data on all the construction material 

processes (RICS, 2023). The system boundaries set for the LCA also play a significant 

role in embodied carbon emissions at the building level.  

 

Figure 7: Pareto chart on material embodied carbon contribution 
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Considering the work package level, substructure and superstructure contribute the most, 

followed by finishing, joineries, and site work, as shown in Figure 8. Even though the 

embodied carbon value of the finishing materials is higher in most cases, due to the 

quantity of usage being less than that of RCC, the overall contribution is significantly 

less. So, optimization in the quantity of materials used in the structural part helps 

significantly reduce the carbon emissions at the building level. 

 

Figure 8: Work packages contributions to the overall carbon emissions (Mean value) 

The top materials contributing 95% of the embodied carbon are concrete, reinforcement 

steel, cement, GI door, Tile, and paint. The quantity of materials and the embodied carbon 

values also play an important role. Even though the concrete embodied carbon value is 

less than the reinforcement steel's, 50% of the embodied carbon emission comes from 

concrete due to the large quantities. Figure 9 shows that the embodied carbon of concrete 

varies from 156.85 kgCO2eq/m2 to 246.68 kgCO2eq/m2 at the building level. The 

embodied carbon of reinforcement steel varies from 141.3 kgCO2eq/m2 to 206.81 

kgCO2eq/m2 in the overall building. When the quantity is higher, variability plays a 

crucial role in the LCA calculation of the embodied carbon. Setting up a baseline for 

embodied carbon calculation is very important. The highest and lowest values are 89.63 

kgCO2eq/m2 for concrete and 65.51 kgCO2eq/m2 for reinforcement steel. So, the variation 

in the dataset needs to be addressed by collecting more samples from the manufacturers 

in Indian conditions and setting a baseline for the embodied carbon factors, especially 

cement and steel, where the consumption is highest for the construction works in India. 

Since concrete and steel are the highest contributors of shear wall-based high-rise 

residential buildings, wastes like GGBS and fly ash can be used partially instead of 

cement, which has the highest embodied carbon in the concrete component. For the same 

grade of concrete, 42% of embodied carbon emission can be reduced using geopolymer 

concrete (Kiruthika et al., 2024), where the main components are GGBS and Fly ash. For 

the reinforcement, we can use the recycled steel, where embodied carbon is 0.42 

kgCO2eq/kg (ICE data), compared to 2.68 kgCO2eq/kg, resulting in up to 80% carbon 

reduction.  

Table 3 shows a comparative analysis of embodied carbon values across the global case 

studies. This reveals the significant regional variation based on construction practices, 

building typologies, and life cycle scope definitions. The embodied carbon of the high-

rise residential building assessed in this study ranged from 373 to 530 kgCO₂eq/m² (A1–

A3), depending on the emission factor dataset. This variation aligns well with the 

international benchmarks reported for similar building types. For instance, embodied 

carbon values for high-rise buildings in Chicago (338.22 kgCO₂eq/m², A1–A3) and Hong 

Kong (465 kgCO₂eq/m², A1–A3) fall within or near this range (Ma et al., 2024; Zhang et 
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al., 2024). The lower bound of the present study is also close to the German DGNB 

benchmark (365 kgCO₂eq/m², A1–A3), whereas the upper bound slightly exceeds it. In 

contrast, the IGBC Net Zero Carbon rating suggests a much higher indicative value of 

700 kgCO₂eq/m² (A1–A4) for Indian contexts. 

 

Figure 9: Variation in embodied carbon (kgCO2eq/m2) 

Table 3: Comparison of embodied carbon 

Country Building type 
Life-cycle  

stages 

Embodied 

carbon 

(kgCO2eq/m2) 

Reference 

China Residential A1-A3 210.4–769.4 Zhang et al., 2023 

Chicago 
High-rise Office & 

Retail 
A1-A3 338.22 Ma et al., 2024 

Hong Kong 
High rise Office & 

Retail 
A1-A5 524.63 Yan et al., 2010 

UK 2-storey residential A1-A5 521.78 
Keyhani et al., 

2024 

Hong Kong 
High-rise 

Residential 
A1-A3 465 Zhang et al., 2024 

India  - A1-A4 700 
IGBC Net Zero 

carbon rating 

Germany  - A1-A3 365 DGNB 

Denmark 
More than 1000 m2  

building 

A1-

A3,B4,B6,C3-

C4 

600 

Denmark county 

policy, WGBC, 

2022 

6. CONCLUSION AND FUTURE SCOPE  

The variability in the embodied carbon of materials across different databases may be 

attributed to differences in the mining methods, quality of raw materials, materials 

processing, production technology, transport methods, electricity mix, packaging, and 

supply chain processes. Understanding the variability in embodied carbon of building 

materials from different sources plays a vital role in assessing the embodied carbon of 

high-rise residential buildings. This paper presents a case study on variation in embodied 

carbon of high-rise residential buildings in India. The high-rise residential building is 

based on RC monolithic concrete construction. The significant findings are listed below: 
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• The total embodied carbon (A1-A3) of the building (Built up area: 82,902 m2) 

varies from 373 kgCO2eq/m2 (IFC Indian dataset) to 530 kgCO2eq/m2 (EPiC) 

based on four embodied carbon datasets. The mean value of embodied carbon of 

the high-rise residential building is 454 kgCO2eq/m2. The standard deviation 

associated with the building embodied carbon is 65.3 kgCO2eq/m2. Considering 

India's urban development and high-rise residential building construction, the 

variability would be significant at the aggregate level. 

• Concrete and steel emerge as the most significant contributors to embodied 

carbon, accounting for approximately 80% of total embodied carbon. Specifically, 

concrete contributes to about 45%, while reinforcement steel accounts for 36%. 

The total embodied carbon of concrete ranges from 157 kgCO₂eq/m² (based on 

the Indian dataset) to a maximum of 247 kgCO₂eq/m² (as per the EPiC dataset), 

with a mean value of 277kgCO₂eq/m². For reinforcement steel alone, the 

embodied carbon varies from 141 kgCO₂eq/m² (Indian dataset), 207 kgCO2eq/m² 

(In-house tool), with a mean of 164kgCO₂eq/m².  

• Even though the embodied carbon intensity of finishing materials is higher, their 

contribution is not prominent due to the lower usage in the building. We can 

observe that the substructure and superstructure represent 80% of the total 

embodied carbon. In particular, replacing cement with waste fine materials with 

the lowest embodied carbon is much appreciated in reducing carbon emissions. 

• The variability in embodied carbon has critical implications for designers and 

builders, directly affecting material selection, design optimization, and 

compliance with carbon benchmarks. This study helps to set a benchmark for 

carbon emissions in the Indian context and the importance of having a standard 

dataset. 

Suggestions for future research work are: 

• Multiple case studies of high-rise residential buildings are needed to validate the 

findings that help set benchmarks in India. 

• The scope can be extended to on-site construction (A4-A5) and the recurring 

embodied carbon due to periodical maintenance and repair work. 

• Data collection to determine the embodied carbon of MEP components. 

7. REFERENCES 

Crawford, R., Stephan, A., Prideaux, F., & Bontinck, P. A. (2019). Environmental performance in 

construction (EPiC). University of Melbourne, 10. http://dx.doi.org/10.26188/5dc228ef98c5a 

German Sustainable Building Council (2021). Benchmarks for greenhouse gas emissions from building 

construction. https://static.dgnb.de/fileadmin/dgnb-

ev/de/themen/Klimaschutz/Toolbox/2021_DGNB_Study_Benchmarks_for_greenhouse_gas_emission

s_from_building_construction.pdf 

Hammond, G. P., & Jones, C. I. (2011). Embodied carbon: The Inventory of carbon and energy (ICE), 

version 2.0. Building services research and intelligence association. 

https://greenbuildingencyclopaedia.uk/wp-content/uploads/2014/07/Full-BSRIA-ICE-guide.pdf 

Ibn-Mohammed, T., Greenough, R., Taylor, S., Ozawa-Meida, L., & Acquaye, A. (2013). Operational vs. 

embodied emissions in buildings: A review of current trends. Energy and Buildings, 66(3), 232–245. 

https://doi.org/10.1016/j.enbuild.2013.07.026 

Indian Green Building Council. (2023). Net zero carbon rating system (pilot version). 

https://igbc.in/frontend-



K.G. Akshatha, Sivakumar Palaniappan and M.K. Pradeep Kumar Rao 

Proceedings The 13th World Construction Symposium | August 2025  634 

assets/html_pdfs/IGBC%20Net%20Zero%20Carbon%20Rating%20System%20%28Pilot%20Version

%29.pdf 

International Finance Corporation. (2017). India construction materials database of embodied energy and 

global warming potential methodology report. https://edgebuildings.com/wp-

content/uploads/2022/04/IFC-India-Construction-Materials-Database-Methodology-Report.pdf 

Keyhani, M., Bahadori‐Jahromi, A., Fu, C., Godfrey, P., & Zhang, H. (2024). Whole‐life embodied carbon 

reduction strategies in UK buildings: A comprehensive analysis. Energy Science & Engineering, 

12(12), 5370–5384. https://doi.org/10.1002/ese3.1958 

Kiruthika, K., Ambily, P. S., Ponmalar, V., & Kaliyavaradhan, S. K. (2024). Computation of geopolymer 

concrete's embodied energy and carbon dioxide emissions in high-rise buildings: A case study in 

Chennai city. European Journal of Environment and Civil Engineering, 28(7), 1517- 1543. 

https://doi.org/10.1080/19648189.2022.2136610 

Kouamé, A. T. (2024, January 26). View: India's urbanisation critical for getting the developed tag. The 

Economic Times. https://economictimes.indiatimes.com/news/economy/infrastructure/view-india-

urbanisation-critical-for-getting-developed-tag/articleshow/107155247.cms 

Ma, L., Azari, R., & Elnimeiri, M. (2024). A building information modelling-based life cycle assessment 

of the embodied carbon and environmental impacts of high-rise building structures: A case study. 

Sustainability, 16(2), 569. https://doi.org/10.3390/su16020569 

Ramesh, T., Prakash, R., & Shukla, K. K. (2010). Life cycle energy analysis of buildings: An overview. 

Energy and Buildings, 42(10), 1592–1600. https://doi.org/10.1016/j.enbuild.2010.05.007 

Robati, M., Oldfield, P., Nezhad, A. A., Carmichael, D. G., & Kuru, A. (2021). Carbon value engineering: 

A framework for integrating embodied carbon and cost reduction strategies in building design. Building 

and Environment, 192, 107620. https://doi.org/10.1016/j.buildenv.2021.107620 

Royal Institution of Chartered Surveyors. (2023). Whole life carbon assessment for the built environment. 

https://www.rics.org/content/dam/ricsglobal/documents/standards/Whole_life_carbon_assessment_PS

_Sept23.pdf 

United Nations Environment Programme.  (2024). Emissions gap report: No more hot air, please! With a 

massive gap between rhetoric and reality, countries draft new climate commitments. 

https://wedocs.unep.org/bitstream/handle/20.500.11822/46404/EGR2024.pdf?sequence=3&isAllowed

=y 

United Nations Environment Programme. (2023). Global status report for buildings and construction: 

Beyond foundations mainstreaming sustainable solutions to cut emissions from the building sector. 

https://wedocs.unep.org/bitstream/handle/20.500.11822/45095/global_status_report_buildings_constr

uction_2023.pdf?sequence=3&isAllowed=y 

World Green Building Council. (2022). EU policy whole life carbon roadmap.  

https://viewer.ipaper.io/worldgbc/eu-roadmap/ 

Yan, H., Shen, Q., Fan, L. C., Wang, Y., & Zhang, L. (2010). Greenhouse gas emissions in building 

construction: A case study of one peking in Hong Kong. Building and Environment, 45(4), 949–955. 

https://doi.org/10.1016/j.buildenv.2009.09.014 

Zhang, X., Li, Y., Chen, H., Yan, X., & Liu, K. (2023). Characteristics of embodied carbon emissions for 

high-rise building construction: A statistical study on 403 residential buildings in China. Resources, 

Conservation and Recycling, 198, 107200. https://doi.org/10.1016/j.resconrec.2023.107200 

Zhang, Y., Chen, S., & Pan, W. (2024). Systematic initial embodied carbon assessment of concrete modular 

high-rise residential buildings: A case in Hong Kong. Building and Environment, 265, 111917. 

https://doi.org/10.1016/j.buildenv.2024.111917 

 


