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ABSTRACT 
The building sector accounts for 32–37% of global greenhouse gas emissions. India's rapid urbanization and 2070 net-zero target necessitate life-cycle-based sustainability assessments of public infrastructure. However, current practices prioritize cost and operational metrics, while rating systems remain document-driven with limited BIM-LCA integration. This study develops a rating-oriented, BIM-LCA-integrated performance modeling framework for public housing. A representative PMAY-U G+3 residential block in Lucknow was selected as a case study due to its typological relevance. Autodesk Revit was used for BIM-based extraction of material quantities, thermal properties, and HVAC loads, integrated with One Click LCA under EN 15804+A2 over a 50-year lifecycle. BIM-LCA outputs and project data were mapped to selected GRIHA v6 criteria, covering peak heat gain, Energy Performance Index (EPI), renewable energy, stormwater and wastewater management, alternative walling, and primary material Global Warming Potential (GWP) reduction. Total life cycle GWP was estimated at ~9,244 tCO₂e per block, dominated by operational energy. While exempt from Criterion 7.1.2 due to natural ventilation, thermal simulation yielded an envelope peak heat gain of 40.78 W/m²; EPI and stormwater requirements were unmet. Across 7 core criteria worth up to 22 points, the PMAYU-D1 design achieved 6 points. Key findings indicate operational energy reduction is the primary decarbonization lever, while concrete and masonry optimization offer the greatest potential to reduce embodied carbon. The study demonstrates that BIM-LCA integration enables automated quantity traceability, scalable assessment, and translation of digital model outputs into structured GRIHA appraisal support, providing a replicable framework for public housing programs.

1. INTRODUCTION 
The global construction sector is essential for economic growth and urban development but is also responsible for nearly 37% of global CO₂ emissions when both operational and embodied impacts are considered (Forth, Hollberg and Borrmann, 2023; Kumar et al., 2025). Consequently, the built environment has become a critical focus of international climate initiatives, such as the Paris Agreement and the United Nations Sustainable Development Goals, particularly Sustainable Development Goals 11 and 13. In this context, India faces significant challenges due to rapid urbanization and rising infrastructure demands while pursuing its 2070 net-zero target, announced at COP26. Large-scale public housing initiatives such as Pradhan Mantri Awas Yojana (PMAY-U), therefore, require lifecycle-oriented sustainability assessment approaches (Jayaram et al., 2025).
A comprehensive lifecycle-based evaluation of buildings is essential for accurately assessing their environmental performance and long-term sustainability (Kumar et al., 2025). Unlike conventional assessment approaches that primarily focus on operational energy consumption, lifecycle-oriented methods consider the impacts associated with material extraction, manufacturing, transportation, construction, operation, maintenance, and end-of-life (Zhang et al., 2022). Life cycle assessment enables identification of environmental hotspots, including embodied and operational emissions, resource consumption, and material-related impacts, thereby supporting informed decarbonization and sustainability strategies across the building lifecycle (Revelo Cáceres, Garcia-Martinez and Gómez de Cózar, 2023; Sawalkar1 and Wayal2, 2025). However, despite the growing relevance of Life Cycle Assessment (LCA), its widespread implementation in India’s construction sector remains limited due to challenges related to data collection, fragmented workflows, limited availability of localized environmental databases, and the absence of standardized assessment procedures tailored to the Indian context (Kurian et al., 2021; Ganesh, 2024). 
This calls for the creation of integrated frameworks, such as those combining Life Cycle Assessment and Building Information Modeling (BIM), to expedite data collection and analysis and enable a more thorough assessment of environmental performance in low-income housing developments in India(Marzouk, Azab and Metawie, 2016; Forth, Abualdenien and Borrmann, 2023). By immediately incorporating environmental data into the digital building model, this integration enables comprehensive analysis and empowers designers to make well-informed decisions about material alternatives (Namaki et al., 2024). By incorporating environmental impact assessments directly into the user-friendly, approachable BIM platforms, such a framework would eliminate the current reliance on specialized LCA software and external databases (Guízar Dena, García Hípola and Fernández Bandera, 2025). This strategy aligns with international efforts to slow climate change, particularly in the Asia-Pacific region, where rapid infrastructure development and urbanization worsen environmental impacts and call for decarbonization of the built environment. However, the lack of completely integrated, holistic LCA capabilities typically limits the usefulness of such integrated BIM-LCA solutions, often requiring the use of different tools or laborious computational calculations (Ajayi, Oyedele and Ilori, 2019). Despite these obstacles, developments in computer science and data management are enabling the incorporation of environmental indicators directly into construction elements through powerful software tools such as Building Information Modeling, thereby improving the sustainability evaluation of architectural designs (Marrero et al., 2020). 
In this context, the present study aims to bridge the gap between digital construction technologies and sustainability assessment in India’s public housing sector by developing a replicable BIM-LCA-based workflow for sustainability-oriented performance evaluation. The study focuses on demonstrating BIM-LCA integration using a representative PMAY-U G+3 residential block in Lucknow. The proposed framework facilitates automated extraction of material quantities, thermal properties, and environmental indicators to support evidence-based sustainable design and planning. In addition, the study evaluates carbon, energy, water, and material performance indicators and benchmarks the results against selected, applicable criteria from the GRIHA v6 rating system. Through this integrated workflow, the study demonstrates the feasibility of converting BIM-LCA outputs into structured evidence to support decision-making, while highlighting limitations in current regional baseline data. By integrating BIM and LCA into a unified workflow, the study contributes to data-driven decision support for lifecycle-based sustainability assessment in rapidly urbanizing regions. The proposed framework demonstrates the potential of digital performance modeling to support decarbonization strategies, improve environmental accountability, and strengthen sustainability-oriented planning for future public infrastructure development.

2. METHODOLOGY
This study employs an integrated BIM-LCA workflow, coupled with the Green Rating for Integrated Habitat Assessment (GRIHA), to assess the sustainability of a representative Pradhan Mantri Awas Yojana Urban (PMAY-U) residential block. The proposed workflow is illustrated in Figure 1.
[image: ]
[bookmark: _Ref229575449]Figure 1: Proposed BIM–LCA–GRIHA workflow for sustainability assessment of PMAY-U residential buildings.
Phase 1: BIM Model Development
[bookmark: _Ref229575687]A G+3 residential block from the PMAY-U housing scheme at Sharda Nagar Extension, Lucknow, Uttar Pradesh, was selected as the representative case study. The scheme comprises 47 structurally identical blocks; a single representative block was modeled and analyzed to enable the normalization of results, inter-block replicability, and policy-level interpretation applicable to large-scale affordable housing deployments. The principal project characteristics are summarised in Table 1.
[bookmark: _Ref230249815]Table 1: Project Characteristics of PMAY-U Case Study
	Parameter
	Details

	Project Name
	Pradhan Mantri Awas Yojana – 2256 EWS Houses in Sharda Nagar Extension

	Location
	Sharda Nagar Extension, Tehsil Sarojini Nagar, Lucknow, Uttar Pradesh

	Net Site Area
	1,14,400 m²

	Total Built-up Area (Scheme)
	55,768.32 m² (600,285 ft²)

	Number of Dwelling Units
	2,256 (EWS)

	Unit Super Area
	36.65 m² (average per unit)

	Number of Blocks
	47

	Floors per Block
	G + 3 (4 storey), each floor having 12 units

	Built-up Area of a Block
	1650.5 m²

	Launch / Completion
	Launch: 15-09-2018; Proposed completion: 14-09-2023 (completed as of now)

	Water Demand (Whole Project)
	1,193 KLD (822 KLD fresh, 371 KLD recycled); wastewater: 993 KLD; STP: 1,200 KLD

	Green Area
	17,934 m² (~15.7% of site); 5 parks of 630 m² each

	Power Demand
	8,100 kVA (scheme-wide)

	Solar PV
	40 kW rooftop solar per block; 50% of street-lighting on solar

	Rainfall and Runoff
	Design rainfall: 40 mm/hr; 10 pits of 58.87 m³ for roof water

	Sewer & Drainage
	Underground sewer network; RCC/KC open drains connected to main drain; STP disposal



An integrated architectural and structural Building Information Model (BIM) was developed in Autodesk Revit using sanctioned drawings obtained from the competent authority, along with project specifications, the Bill of Quantities (BOQ), and the Environmental Assessment Report, supplemented by site-specific and climatic data for Sharda Nagar, Lucknow. The model encompasses all principal structural and architectural components, including footings, columns, beams, slabs, walls, floor finishes, and tile cladding, and was configured specifically to support material quantification, characterization of envelope performance, and operational placeholder inputs for subsequent LCA and GRIHA analyses.
Revit schedules were generated for all major building systems, including walls, slabs, beams, columns, flooring, doors, and windows. Building envelope parameters required by the GRIHA v6 rating framework (GRIHA Council, 2025), notably the overall U-value, Solar Heat Gain Coefficient (SHGC), and visible light transmittance, were extracted from Revit assembly definitions and supplemented with available manufacturer data. The coordinated model was developed with disciplinary linkages, shared parameters, and project templates configured for quantity take-off and envelope reporting, establishing a unified geometric, thermal, and quantitative data source for all downstream analyses. The BIM model of the representative PMAY-U residential block developed in Autodesk Revit, along with the actual site view, is presented in Figure 2.   
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[bookmark: _Ref240027119]Figure 2: Actual site view, wireframe model, and rendered BIM model of the representative PMAY-U residential block developed in Autodesk Revit.

Phase 2: BIM-LCA integration
[bookmark: _Ref229577284]The LCA was conducted in One Click LCA using the EN 15804+A2 methodology under the Level(s) framework, covering a 50-year reference study period. The Autodesk Revit model was imported into One Click LCA via the native one-click integration, which automatically transferred element identifiers, types, and quantities, thereby eliminating manual re-entry of material take-offs and ensuring full traceability between the BIM model and the LCA bill of materials.
One Click LCA's AI-assisted material-mapping engine automatically matched Revit elements to candidate Environmental Product Declarations (EPDs) in its database. Each mapping was subsequently validated manually, with substitutions made where necessary to ensure the most representative dataset was selected, prioritizing Indian-specific EPDs where available, and justifiable regional proxies otherwise.
Input data were finalized using multiple project sources, including the Environmental Assessment Report and the Housing and Urban Development Corporation Limited (HUDCO) Design Awards 2020-21 compendium. Since project documentation primarily reported quantities at the scheme level (47-block complex), values were proportionally normalised to a single representative block by dividing by 47. Where block-level data were available directly, those values were adopted without further normalization. Subsequently, building materials imported from Revit were mapped to candidate EPD datasets, and each mapping was validated individually or replaced as necessary to ensure consistency in the BIM-LCA workflow. The key input parameters adopted for the LCA are presented in Table 2.
[bookmark: _Ref230250407]Table 2: Key input parameters used for BIM-LCA analysis of the representative PMAY-U residential block.
	S. No.
	Input
	Value

	1
	Annual Water Consumption
	130369 kg

	2
	Annual Electricity Use
	200888 kWh

	3
	Gross Internal Floor Area
	1520 m²

	4
	Calculation Period
	50 years



Phase 3: GRIHA performance mapping
Following completion of the BIM model and One Click LCA analysis, the project was appraised against a curated set of GRIHA v6 criteria. The GRIHA v6 Manual was systematically reviewed to identify criteria that are (i) applicable to a PMAY-U G+3 residential typology and (ii) assessable using the available data sources, namely the BOQ, EAR, Revit model outputs, One Click LCA results, and the HUDCO compendium. The seven criteria selected for appraisal are listed in Table 3. 
[bookmark: _Ref230250550]Table 3:  Summary of GRIHA criteria appraised
	S. No.
	Appraisal
	Maximum Points

	1.
	7.1.2: Ensure that the heat gain through the building envelope (air-conditioned and hybrid buildings) is below the GRIHA threshold for peak heat gain as per Table 7.1c of GRIHA Version 6 Manual
	2

	2.
	7.1.4: Ensure that the project demonstrates a reduction from the GRIHA benchmark for EPI as per Table 7.2c of the GRIHA Manual. Additional reduction in EPI will be awarded points as per Table 7.3c of the GRIHA Manual.
	8

	3.
	8.1.1: Ensure installation of on-site and off-site RE systems to offset a part of the annual energy consumption of internal artificial lighting and HVAC systems, as mentioned in Table 8.1c GRIHA Version 6 Manual.
	5

	4.
	14.1.1 Ensure that 100% of wastewater generated on-site is treated through either a chemical-based or a natural wastewater treatment system.
	1

	5.
	15.1.1: Demonstrate that the post-construction stormwater run-off from the site is being managed within the GRIHA project boundary as per Table 15.1c based on the peak hourly rainfall (mm/h)
	5

	6.
	19.1.3 Ensure that all internal and external, load-bearing, non-load-bearing, and partition walls are constructed with any or a combination of the following alternative materials.
	1

	7.
	21.1.1 Demonstrate a reduction in GWP values of the components in the primary materials category of the project from baseline values according to Table 21.1c.
	5



The following data sources were employed to populate each criterion:
i. Bill of Quantities (BOQ) and Architectural Drawings: Provided material quantities and component specifications for structural, envelope, and finish systems.
ii. Environmental Assessment Report (EAR): Supplied site conditions, regulatory context, energy and water consumption data, and stormwater management provisions.
iii. Revit model outputs: Delivered verified areas and quantities (floor area, roof area, wall area, impervious surface coverage) and, for energy-related criteria, thermal load analysis results critical to the envelope heat gain assessment.
iv. One Click LCA results: Characterised the embodied environmental profile of the building. Although GRIHA v6 does not yet fully integrate all LCA indicators, selected outputs were referenced in the life cycle performance discussion to demonstrate the added value of the BIM-LCA approach.
v. HUDCO compendium and secondary data: Provided reference PMAY-U parameters, including material specifications, solar energy generation data, and scheme-level performance benchmarks.

Phase 4: BIM–LCA-Based GRIHA Performance Evaluation
I. GRIHA 7.1.2: Peak Heat Gain Through Building Envelope
Thermal load analysis was performed in Autodesk Revit using the HVAC sizing module, with weather data for Sharda Nagar, Lucknow, automatically referenced from Revit's integrated climate database. Envelope-related sensible heat gains were extracted from zonal load summaries, aggregated across all conditioned zones, and normalised by the conditioned floor area to derive the building-level peak envelope heat gain intensity (W/m²). The computed value was subsequently benchmarked against the climate-specific threshold prescribed in Table 7.1c of the GRIHA v6 Manual. It is noted that the case study building is naturally ventilated and is not formally subject to this criterion; however, the analysis demonstrates the BIM-based workflow's capability to support envelope performance evaluation for future hybrid or mechanically conditioned public housing projects.
II. GRIHA 21.1.1: Reduction in GWP of Primary Materials
The Revit model was integrated with One Click LCA to quantify the embodied Global Warming Potential (GWP) of primary construction materials, encompassing concrete, masonry, and architectural finishes. BIM-derived material quantities were automatically mapped to EPD datasets in the LCA platform to generate design-case embodied-carbon results at the component level. The proposed BIM-LCA workflow successfully generated component-level embodied carbon data, confirming its suitability for GRIHA-compliant life cycle performance assessment in future applications.

3. RESULTS AND DISCUSSION
The PMAY-U block was assessed against seven selected GRIHA v6 appraisal criteria using outputs from the integrated BIM-LCA workflow, combined with data from the aforementioned project reports. The consolidated outcomes are presented in Table 4, followed by a criterion-wise discussion of results and their broader implications.
[bookmark: _Ref230252197]Table 4: Results for selected GRIHA v6 appraisal criteria
	S. No.
	Appraisal
	Points Scored / Maximum Points Possible

	1
	7.1.2: Ensure that the heat gain through the building envelope (air-conditioned and hybrid buildings) is below the GRIHA threshold for peak heat gain as per Table 7.1c of GRIHA Version 6 Manual.
	 N / A

	2
	7.1.4: Ensure that the project demonstrates a reduction from the GRIHA benchmark for EPI as per Table 7.2c of the GRIHA Manual. Additional reduction in EPI will be awarded points as per Table 7.3c of the GRIHA Manual.
	0 / 8

	3
	8.1.1: Ensure installation of on-site and off-site RE systems to offset a part of the annual energy consumption of internal artificial lighting and HVAC systems, as mentioned in Table 8.1c GRIHA Version 6 Manual.
	5 / 5

	4
	14.1.1: Ensure that 100% of wastewater generated on-site is treated through either a chemical-based or a natural wastewater treatment system.
	0 / 1

	5
	15.1.1: Demonstrate that the post-construction stormwater run-off from the site is being managed within the GRIHA project boundary as per Table 15.1c of the GRIHA Manual based on the peak hourly rainfall (mm/h).
	0 / 5

	6
	19.1.3: Ensure that all internal and external, load-bearing, non-load-bearing, and partition walls are constructed with any or a combination of the listed alternative materials.
	1 / 1

	7
	21.1.1: Demonstrate a reduction in GWP values of the components in the primary materials category of the project from baseline values according to Table 21.1c of the GRIHA Manual.
	N / A



i. Criterion 7.1.2: Peak Envelope Heat Gain (N/A): Because the subject block is naturally ventilated, Criterion 7.1.2 is formally exempt () assignable points. However, to demonstrate BIM workflow capacity for future conditioned variants, a Revit HVAC load simulation was performed using Lucknow design-day data. The analysis yielded a peak heat-gain intensity of  ( across ), satisfying the standard threshold of . This calculation serves purely as a demonstration of a transferable workflow and is excluded from the building's net score total.
ii. Criterion 7.1.4: Energy Performance Index (0/8):  The scheme’s sanctioned transformer capacity was obtained from the project report. Normalising the scheme's sanctioned transformer capacity of 8,100 kVA to a single block and applying a power factor of 0.8, load factor of 0.4, and 10 hours of daily supply yields an indicative annual electricity consumption of 200,888 kWh/year, corresponding to an EPI of approximately 121.7 kWh/m²·year. This substantially exceeds the GRIHA benchmark of 70 kWh/m²·year for composite-climate residential buildings, and no points are claimed. As this estimate is based on sanctioned transformer capacity rather than detailed energy simulation, it is treated as a conservative screening value, yet it signals that demand-side efficiency measures and detailed energy modeling are critical requirements for future PMAY-U designs seeking GRIHA compliance.
iii. Criterion 8.1.1: Renewable Energy (5/5): The 40kW rooftop solar PV system, generating an estimated 73,000 kWh/year, offsets approximately 36.3% of the block's estimated annual electricity demand. Cross-referencing with GRIHA v6 Table 8.1c, however, the applicable point band for 24-hour residential buildings begins at 10% (1 point), with the maximum 5 points requiring a 25% contribution. Since the RE fraction exceeds 25%, the project is entitled to the full 5 points under this criterion.
iv. Criteria 14.1.1 and 15.1.1: Wastewater and Stormwater (0/5): The on-site STP supplies treated water meeting only approximately 31% of total site water demand, falling short of the 100% treatment coverage required under Criterion 14.1.1. For stormwater, the 10 recharge pits provide a combined capacity of 588.7 m³ against a design storm runoff volume of 2,968 m³, resulting in an on-site management ratio of approximately 19.8%, which is below even the minimum 25% threshold for point eligibility under Criterion 15.1.1. Both shortfalls reflect infrastructure constraints characteristic of cost-limited EWS housing and represent priority areas for design intervention in future implementations.
v. Criterion 19.1.3: Alternative Walling Materials (1/1): AAC blocks are confirmed across all internal and external wall types via BOQ and project documentation. Subject to verification of GRIHA-recognized green product certification with a minimum 40% fly ash content, the criterion is satisfied, and the full 1 point is awarded.
vi. Criterion 21.1.1: Embodied GWP Reduction (-/5): The BIM-LCA workflow successfully generated design-case embodied GWP values for primary materials through the Revit–One Click LCA integration. However, the official GRIHA baseline GWP dataset required to compute the percentage reduction in Table 21.1c was unavailable on the LCA platform used, precluding formal point allocation. The design-stage emissions data generated are complete and audit-ready and can support future GRIHA appraisal processes, subject to validation using GRIHA’s prescribed methodology and baseline datasets.
It is important to note that the appraisal scores presented here are derived from indicative, early-design-stage estimation methods rather than the detailed dynamic energy simulation and other formulations required for formal GRIHA certification; they are intended to demonstrate the feasibility of embedding sustainability appraisal logic into the design workflow itself, rather than to represent a certifiable compliance outcome.
Life-Cycle Carbon Profile
To quantify long-term environmental impacts, a cradle-to-grave Life Cycle Assessment (LCA) was conducted across a 60-year study period using One Click LCA. The assessment scope covers product manufacturing (A1–A3), construction/installation (A5), replacement cycles (B4–B5), operational energy use (B6), operational water consumption (B7), and end-of-life disposal (C1–C4). Over the 60-year lifespan, the total GWP intensity was calculated at  of gross internal floor area (). Operational energy (Stage B6) dominates the total life-cycle footprint, accounting for  () of emissions. This operational dominance is primarily driven by grid electricity consumption modeled under the national grid emission factor for India (), as embedded in the software’s localized regional dataset. In contrast, initial embodied carbon (A1–A3) contributes  (), resulting in an embodied carbon intensity of  (excluding MEP), which corresponds to an 'A' rating against national residential benchmarks. Figure 3 illustrates the distribution of life cycle GWP across different resource types for the representative PMAY-U block.
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[bookmark: _Ref230598116]Figure 3: Distribution of life cycle GWP by resource type for the representative PMAY-U block.
4. CONCLUSION
The study demonstrates the applicability of a rating-oriented BIM-LCA integrated workflow for lifecycle-based sustainability assessment of PMAY-type public housing in India. The proposed framework enabled automated generation of spatial, thermal, and material datasets with a level of traceability and analytical depth that conventional BOQ-based approaches cannot provide. The direct use of BIM-LCA outputs across selected, applicable GRIHA appraisal criteria further demonstrates the potential of integrated digital workflows to provide structured decision-support evidence for sustainability appraisal. The lifecycle assessment results indicate that operational energy use is the dominant contributor to environmental impact, accounting for approximately  of total life-cycle carbon emissions and representing more than  over the 60-year assessment period. At the embodied stage, concrete and masonry materials accounted for the largest share of product-stage impacts, together representing more than . These findings highlight the importance of simultaneously addressing operational efficiency and material optimization to achieve meaningful decarbonization in affordable housing projects.
Despite the advantages of the integrated workflow, the low overall appraisal performance under the selected criteria reflects broader infrastructural and design limitations commonly associated with cost-constrained EWS housing developments. Gaps in stormwater management and energy performance highlight the need to integrate sustainability-oriented performance thresholds during early planning and scheme approval, rather than relying solely on post-design evaluation mechanisms. The workflow is inherently scalable: normalization from a 47-block identical scheme to a single representative block creates a reusable unit dataset applicable across analogous PMAY-U typologies nationally. Future priorities include the development and integration of Indian-specific EPDs into standard LCA platforms, publication of GRIHA baseline GWP datasets to enable formal scoring under Criterion 21.1.1, and the systematic cross-mapping of BIM-LCA outputs to parallel rating frameworks, including IGBC, EDGE, and Envision, with a view to developing semi-automated decision-support tools for large-scale public housing programs.

REFERENCES 
Ajayi, S.O., Oyedele, L.O. and Ilori, O.M. (2019) ‘Changing significance of embodied energy: A comparative study of material specifications and building energy sources’, Journal of Building Engineering, 23, pp. 324–333. Available at: https://doi.org/10.1016/j.jobe.2019.02.008.
Forth, K., Abualdenien, J. and Borrmann, A. (2023) ‘Calculation of embodied GHG emissions in early building design stages using BIM and NLP-based semantic model healing’, Energy and Buildings, 284. Available at: https://doi.org/10.1016/j.enbuild.2023.112837.
Forth, K., Hollberg, A. and Borrmann, A. (2023) ‘BIM4EarlyLCA: An interactive visualization approach for early design support based on uncertain LCA results using open BIM’, Developments in the Built Environment, 16. Available at: https://doi.org/10.1016/j.dibe.2023.100263.
Ganesh, P.S. (2024) ‘An Assessment of Residential Building Materials Impact on Environment Using BIM through a Case Study Approach’, International Journal for Research in Applied Science and Engineering Technology, 12(3), pp. 362–369. Available at: https://doi.org/10.22214/ijraset.2024.58804.
GRIHA Council (2025) ‘GRIHA Version 6.0’. Available at: https://www.grihaindia.org/sites/default/files/pdf/Manuals/GRIHA-Version-6-V1.pdf (Accessed: 13 May 2026).
Guízar Dena, A.J., García Hípola, M. del C. and Fernández Bandera, C. (2025) ‘Building Information Model (BIM) and Life Cycle Analysis tools: A comparative study with specialized software for environmental performance of buildings’, Proceedings of Building Simulation 2025: 19th Conference of IBPSA. IBPSA. Available at: https://doi.org/10.26868/25222708.2025.1316.
Jayaram, S. et al. (2025) ‘Steering Building Design in India towards a low-carbon future’. Available at: https://doi.org/10.26868/25222708.2025.1374.
Kumar, D. et al. (2025) ‘A Whole-Life Carbon Assessment of a Single-Family House in North India Using BIM-LCA Integration’, Buildings, 15(13). Available at: https://doi.org/10.3390/buildings15132195.
Kurian, R. et al. (2021) ‘Estimation of carbon footprint of residential building in warm humid climate of india through BIM’, Energies, 14(14). Available at: https://doi.org/10.3390/en14144237.
Marrero, M. et al. (2020) ‘BIM-LCA integration for the environmental impact assessment of the urbanization process’, Sustainability (Switzerland). MDPI. Available at: https://doi.org/10.3390/su12104196.
Marzouk, M., Azab, S. and Metawie, M. (2016) ‘Framework for sustainable low-income housing projects using building information modeling’, Journal of Environmental Informatics, 28(1), pp. 25–38. Available at: https://doi.org/10.3808/jei.201600332.
Namaki, P. et al. (2024) ‘An Integrated Building Information Modeling and Life-Cycle Assessment Approach to Facilitate Design Decisions on Sustainable Building Projects in Canada’, Sustainability (Switzerland) , 16(11). Available at: https://doi.org/10.3390/su16114718.
Revelo Cáceres, N., Garcia-Martinez, A. and Gómez de Cózar, J.C. (2023) ‘Use of GIS and BIM tools in determining the life cycle impact of urban systems. Case study: Residential buildings which apply the Eco-Efficiency Matrix in the city of Quito, Ecuador’, Journal of Cleaner Production, 383. Available at: https://doi.org/10.1016/j.jclepro.2022.135485.
Sawalkar1, Y.S. and Wayal2, A.S. (2025) ‘Assessing the Carbon Footprint and proposing net zero emissions in Urban Construction using BIM Tools’. Available at: https://doi.org/10.21203/rs.3.rs-6935520/v1.
Zhang, Y. et al. (2022) ‘BIM-based approach for the integrated assessment of life cycle carbon emission intensity and life cycle costs’, Building and Environment, 226. Available at: https://doi.org/10.1016/j.buildenv.2022.109691.
 
[image: ]
6th to the 8th of October 2026 		
image3.png
Global warming kg CO2e - Resource types
This is  crildown chart. Clickon the chart to view detais

Electrictty - 95.7%
@ Ready.mix concrete for exteral wal
= Piain woodtimber (softwood and har.

Paints, coatings and lacquers - 0.2%
® Wall and floor s - 0.2%

Water-1.4%
@ Concrete masonry units (CMU) - 06%
® Morar (masonrylbicklaying) -0.2%

Reinforcement for concrete (rebar) -
= Other resource types -0.2%





image1.png
Case Study . H Whole-life i [Thvacbasea Mapping BIM] | 1 p
area [Revit-based 30! | 4 carbon : heat gain ILCA outputs tof | Lifecycle GWP|
modelling v assessment v analysis GRIHA criteria| | ! analysis
1 | | | 1
4 4 GRIHA 4 i
BIMMODEL | BIM-LCA ' T ' PERFORMANCE || | Sustainability
atorial amd DEVELOPMENT INTEGRATION R EVALUATION interpretation
thermal x x
property
assignment - -
" EPD mapping Gwp Rating
Quantity and evaluation of compliance
larea extra primary assessment
materials
PHASE 1 PHASE 2 PHASE 3 PHASE 4





image2.png




image4.png
==
DY o

N

CIBW78 2026

—= IT in Construction




