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Abstract

The building and construction industry contributes to greenhouse gas emissions (GHG) on a
global scale and therefore requires effective strategies to minimise the environmental impacts
of buildings over their life cycle. This review aims to take a look at the idea of a carbon footprint
and Life Cycle Assessment (LCA) and the contribution they make to the promotion of
sustainable construction. It explains the main sources of carbon emissions in buildings, such as
building embodied carbon, operational carbon, and end-of-life carbon, and the significant
carbon contributors. The review provides an overview of the LCA methodology, life cycle
stages for buildings and international assessment standards. In addition, it emphasizes carbon
reduction strategies involving LCA including low-carbon material selection, circular economy
practices, energy-efficient design, renewable energy integration, and BIM (Building
Information Modeling)-assisted decision-making. Lastly, current implementation challenges
and future directions are highlighted, focusing on digital technologies, built environment whole-
life carbon assessment, and policy support for low-carbon and climate-resilient built
environments.
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1 INTRODUCTION

The building and construction industry is a key driver of economic growth but it is also a major
emitter of greenhouse gas emissions (GHG). Whilst energy and carbon intensive materials like
cement, steel and concrete are used increasingly to provide infrastructure for growing urban
centres, population growth, and rapid urbanisation has led to an increase in their consumption.
The sector is responsible for about 37% of world carbon dioxide (CO:) emissions from energy
and process related use and emissions during construction (United Nations Environment
Programme (UNEP)), and includes emissions generated during operational activities of the
building. This substantial environmental impact has intensified the need to decarbonise the built
environment to achieve global climate goals [1], [2].

Energy reduction in buildings is a major focus for sustainable development and towards a net
zero carbon emissions. Although the design of buildings for energy efficiency has reduced the
operational carbon, there is greater focus on embodied carbon, which is used to describe carbon
emissions associated with the use of building materials in their extraction, manufacturing,
transportation, building, maintenance and use at the end of their life. Thus, carbon mitigation
must take into account the carbon emitted from building over the lifecycle, not just during its
use [3].

The carbon footprint is the total amount of greenhouse gas emitted during the life cycle of a
product, process or system, measured in carbon dioxide equivalent (CO:-e). Life Cycle
Assessment (LCA) is the internationally standardised methodology (ISO 14040 and ISO 14044)
applied to assess environmental impacts of a product or a building throughout the whole life
cycle [4]. Whole-life carbon assessment is the integration of both embodied and operational
emissions that allows for informed decisions on material selection, design, construction,
operation and end-of-life management. This has made it a crucial strategy for creating low-
carbon, resource-efficient, and sustainable buildings that contribute to long-term climate change
mitigation [5].

2 CARBON FOOTPRINT IN THE BUILT ENVIRONMENT

The built environment is a significant source of global greenhouse gas (GHG) emissions, as
buildings consume large amounts of energy and have a long-life cycle, which means they use a
lot of resources throughout that life cycle. Emissions occur at all points of material extraction,
production, construction, use, maintenance, renovations and demolition [6]. Carbon footprint is
an indicator of total GHGs (direct and indirect emissions) arising from a product, process,
activity or building expressed in CO:-e. For the construction industry, carbon footprint
assessment offers a holistic assessment of the environmental footprint and helps pinpoint
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activities and processes that contribute to high carbon emissions throughout the building life
cycle. The information helps in the selection of materials, building design and construction
methods, enabling low-carbon development and helping to mitigate climate change and
sustainable built environments [7].

Sources of Carbon Emissions in Buildings

i.  Embodied carbon: Emission generated in the extraction of raw materials, production
of building components, transport, construction, maintenance, repair, replacement and
renovation during the building's service life, before the building is used.

ii.  Operational carbon: Pollutants generated from the use of energy in buildings, such as
heating, ventilation, air conditioning (HVAC), lighting, hot water and electrical
appliances. This is historically the biggest source of building-related emissions.

iii. End-of-life carbon: Emission from the end of life of a construction or demolition
material, including emissions from its demolition, transportation, recycling, recovery
and disposal.

Major Contributors to Building Emissions

i.  Building materials: They are associated with high energy consumption and high
amounts of carbon dioxide emissions in their manufacture, meaning they are high
contributors to embodied carbon.

ii.  Construction activities: Other sources of GHG emissions from construction equipment
use, material transport and on-site activities.

ili. Building operation (HVAC, lighting, and appliances): During occupancy, continuous
energy demand makes a significant contribution to the buildings' operational carbon,
especially in low-energy efficient buildings.

3 IMPORTANCE OF CARBON REDUCTION FOR CLIMATE CHANGE
MITIGATION

Reducing carbon emissions from the built environment is a key measure to mitigate the climate
change and to meet the sustainable development targets globally. The building sector is a major
emitter of greenhouse gas (GHG) emissions and reducing the carbon footprint of the built
environment can make a significant contribution to limiting global climate change and achieving
the goals of the Paris Agreement [8]. Strategies for carbon reduction are in place, such as the
adoption of low carbon construction materials, energy efficient building design, renewable
energy systems and better construction practices, which will reduce both the embodied and
operational emissions [9]. Moreover, whole-life carbon assessment allows stakeholders to
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pinpoint the emission hotspots in a building and make decisions based on that understanding
over its entire life cycle. Such measures make buildings more energy efficient, conserve natural
resources, and increase building resilience, as well as decreasing environmental impacts.
Therefore, carbon reduction has a significant influence on the transition towards a low carbon
economy in the built environment and sustainable city development [10].

4 LIFE CYCLE ASSESSMENT (LCA) METHODOLOGY FOR BUILD-
INGS

Life Cycle Assessment (LCA) is an internationally accepted and recognised method,
standardised by ISO 14040 and ISO 14044, for assessing the environmental effects of buildings
over their lifecycle. While most existing methods concentrate on the energy consumption of the
operation, LCA considers the impacts of raw material extraction, manufacturing through to
construction, operation, maintenance and end-of-life management. LCA quantifies the
environmental impacts of energy use, material use, waste generation, and greenhouse gas
emissions that become environmental hotspots and allow the comparison of alternative
materials and designs. As such it can inform decision making and help foster sustainable,
resource-efficient and low carbon building [11], [12].

Four Phases of ISO 14040/14044 LCA

e Goal and Scope Definition: Establishes the objective of the assessment, system
boundaries, functional unit, assumptions, and intended application of the study.

e Life Cycle Inventory (LCI): Involves collecting and quantifying data on material
inputs, energy consumption, water use, emissions, and waste generated throughout the
building life cycle.

e Life Cycle Impact Assessment (LCIA): Converts inventory data into environmental
impact categories, such as global warming potential, resource depletion, acidification,
and eutrophication.

e Interpretation: Evaluates the results, identifies environmental hotspots, assesses data
quality and uncertainties, and provides recommendations for improving environmental
performance.

Building Life Cycle Stages (Cradle-to-Grave/Cradle-to-Cradle)

e Raw Material Extraction: Extraction and processing of natural resources required for
construction materials.

e Manufacturing: Production of construction materials and building components,
including associated energy use and emissions.
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Construction: Transportation of materials, on-site assembly, equipment operation, and
construction waste generation.

Operation and Maintenance: Energy consumption, repairs, replacement of
components, and routine maintenance during the building's service life.

Demolition, Recycling, and Disposal: Building demolition, waste processing, material
recovery, recycling, and final disposal at the end of the building life cycle.

Common LCA Standards for Buildings

ISO 14040 & ISO 14044: International standards that define the principles, framework,
requirements, and guidelines for conducting Life Cycle Assessment.

EN 15978: European standard for assessing the environmental performance of buildings
using a whole-life-cycle approach.

EN 15804: Specifies core rules for developing Environmental Product Declarations
(EPDs) for construction products, ensuring consistent environmental data.

S5 STRATEGIES FOR REDUCING CARBON FOOTPRINT USING LCA

Life Cycle Assessment (LCA) is an effective decision-support tool which can help identify the
carbon intensive stages of a building's life cycle and the strategies to minimise environmental
impacts. LCA can be used to evaluate emissions produced during the manufacturing, building,
use and end-of-life treatment of materials, and make it possible for stakeholders to consider

different design options and apply sustainable methods. The following strategies are well known
as methods to lower the carbon footprint of buildings with the added benefits of being resource
efficient and environmentally sustainable in the long term [13][14].

Selection of Low-Carbon Building Materials: The options of using materials with
lower embodied carbon like recycled steel, low carbon cement, engineered timber,
recycled aggregates, and supplementary cementitious materials, have a significant
impact on reducing greenhouse gas emissions. LCA can be used to compare
environmental impacts of material options throughout their life cycles [15].

Material Efficiency and Circular Economy Concepts: Optimised Structural Design,
reuse, recycling of construction waste and the principle of Circular Economy can help
to use construction materials efficiently, which helps to minimize the consumption of
resources and embodied carbon and maximize the life cycle of the material [16].
Energy-Efficient Building Design: Passive design features, optimized building
envelopes, natural ventilation, daylight use, high performance insulation and energy
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efficient HVAC systems lower operating energy consumption and carbon emissions
during a building's useful life [13].

¢ Renewable Energy Integration: Renewable energy sources like solar PV, solar thermal
collectors, geothermal and wind energy reduce reliance on fossil fuels and carbon
emissions. LCA can help to analyze how these systems contribute to the environment in
the long term [17].

¢ Building Information Modelling (BIM) Integrated with LCA: By combining BIM
with LCA, carbon emissions can be assessed in real-time throughout the design phases.
This integration helps to quickly compare design alternatives, select materials, and
assess their environmental performance leading to informed and data-driven decisions
in sustainable construction [17].

e Design Optimisation During Early Project Stages: By using LCA at the conceptual
and preliminary design phases, architects and engineers can select the most efficient use
of the building orientation, structural systems, materials and energy usage prior to
construction. The reduction of the whole life carbon emissions and the building's overall
sustainability has the highest potential in the early stages of decision-making.

Table 4: Life Cycle Assessment (LCA)-Based Strategies for Reducing Carbon Footprint
in Buildings

Strategy Implementation Approach Carbon Reduction Benefit

Selection of Low- | Use low-carbon cement, recycled steel, | Reduces embodied carbon
Carbon Building | engineered timber, recycled aggregates, | associated with material

Materials and supplementary cementitious production and

materials based on LCA results. transportation.
Material Optimise material use, minimise Conserves natural
Efficiency and construction waste, reuse building resources, lowers embodied
Circular components, and promote recycling and | emissions, and extends
Economy material recovery. material life cycles.

Energy-Efficient | Adopt passive design, high-performance | Decreases operational
Building Design | insulation, natural ventilation, daylight | energy demand and
utilisation, and energy-efficient HVAC | associated greenhouse gas
systems. emissions throughout the
building's service life.
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Renewable Install solar photovoltaic panels, solar Reduces dependence on

Energy thermal systems, geothermal heat fossil fuels and lowers

Integration pumps, and other renewable energy operational carbon
technologies. emissions.

Building Integrate BIM with LCA tools to Supports data-driven

Information evaluate environmental impacts and decisions that minimise

Modelling (BIM) | compare design alternatives during whole-life carbon

Integrated with project planning. emissions.

LCA

Design Evaluate building orientation, structural | Maximises opportunities

Optimisation systems, material selection, and energy | for carbon reduction before

During Early performance using LCA during construction begins,

Project Stages conceptual design. resulting in lower whole-

life environmental impacts.

6 CHALLENGES AND FUTURE DIRECTIONS

Using Life Cycle Assessment (LCA) has greatly enhanced the assessment of environmental
impacts in the built environment. It is being implemented in a few countries, but there are still
a number of technical, methodological and practical issues that prevent it from taking off.
Meanwhile, the progress in digital technologies, data analytics and sustainable construction
techniques is opening new possibilities to improve the accuracy and effectiveness of the whole-
life carbon assessment.

7 CHALLENGES

However, there are some obstacles to the implementation of LCA in the building sector. The
main constraint is the availability and quality of life cycle inventory data; this can easily result
in less confidence in the assessment results if the information is incomplete or outdated.
Furthermore, due to the differences in the databases, system boundaries, and methodological
assumptions used by various LCAs, the results obtained from different LCAs can vary, which
makes it difficult to compare different studies. Variations in emission factors within a region
due to different energy mixes, transportation systems and construction methods also impact the
accuracy of the carbon calculations. The complete life cycle carbon assessment is also
complicated by the need to gather a lot of data over several life cycle phases, which brings up
technical and computational challenges. In addition, the implementation of LCA is not
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widespread in many developing countries because of a lack of expertise, standardised databases,
and also because of financial and policy issues [18].

8 FUTURE DIRECTIONS

There is potential for future development to make the building carbon assessment more efficient
and reliable. Al-powered digital LCA platforms can streamline data handling and enhance
prediction precision, and, when combined with Building Information Modelling (BIM), LCA
can offer real-time environmental assessment throughout the design process. New digital twin
technologies provide for continuous monitoring of operational carbon during the building's life
cycle. Additionally, there will be a reduction in embodied carbon thanks to the increased use of
circular construction methods such as material reuse and recycling. The transition to sustainable
and low carbon buildings will be increasingly strengthened by the government's regulations and
policies that require whole life carbon assessments, as well as increasing focus on both net zero
and carbon neutral buildings [19].

9 LITERATURE REVIEW

(Ascione et al., 2026) [20] provides an organised evaluation of the literature on the use of life
cycle assessment in the industrial building sector, which is still relatively under-represented
when compared to residential settings. While the categorisation system was used to a broader
sample, including simulated and hybrid scenarios (>230 papers), a thorough and quantitative
analysis was carried out for research addressing life cycle assessment (LCA) on existing
industrial buildings (20 articles). The review shows that cradle-to-gate techniques are more
common, cradle-to-cradle models are employed less frequently, and there are few LCA studies
that concentrate on industrial buildings. Health aspects are still under-represented in inventory
data collecting, which is still somewhat fragmented and mostly focuses on economic and
environmental factors. In order to encourage more uniform, multifaceted, and sector-specific
LCA techniques for industrial sustainability planning, the study highlights seven significant
methodological shortcomings and suggests a comparison framework that might assist future
research.

(Gu et al., 2026) [21] Integrated strategies across the whole lifecycle are needed to manage
carbon emissions from buildings. From emission source views to life cycle frameworks based
on ISO 21930, which breaks down a building's life cycle into standardised stages, key concepts
have changed. The B1-B7 stage and the A1-AS5 stage have been the major subjects of previous
study, whereas the C1-D stage has received less attention. Traditional estimating approaches,
data-driven prediction models (statistical, shallow machine learning, deep learning, and hybrid),
and newly developed massive language models are all included in our study of quantification
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techniques. Our analysis finds sizable regional variations in policy frameworks: American
strategies concentrate on economic incentives, Chinese approaches center on legal regulations,
while European frameworks emphasise systematic norms. The United States (12%), Europe
(14%), and China (29%) account for the majority of research contributions. We also suggest
several reduction strategies from a life cycle viewpoint based on the review.

(C.Lietal., 2025) [8] Calculate the carbon cost of building the world's built environment during
the previous three decades and estimate it until 2050. According to research, the carbon footprint
of building has quadrupled globally over the last thirty years and is expected to more than double
by 2050. Cementitious materials, bricks, and metals accounted for more than half of the
construction industry's carbon emissions in 2022. Glass, plastics, chemicals, and bio-based
products contributed 6%, while transportation, services, machinery, and on-site activities
accounted for the remaining 37%. In the next 20 years, the carbon footprint from building alone
will surpass the annual carbon budget for the 1.5 °C and 2 °C targets under the current business-
as-usual scenario. According to our research, it will exhaust all of the remaining carbon budget
for the 1.5 °C objective by 2050. In order to take advantage of economies of scale and pave the
way for a revolutionary and sustainable future in building, we support a material revolution,
such as replacing traditional materials with bio-based ones.

(TAC & EMEKCI, 2025) [22] To reduce these negative effects and guarantee sustainable
growth, environmentally friendly building techniques must be used. Life Cycle Assessment
(LCA) is a method for evaluating how products and services affect the environment throughout
the course of their lives, from the extraction of raw materials to disposal. This process involves
the production of trash, carbon emissions, resource utilisation, and energy use. Energy
consumption and carbon emissions from material production, transportation, construction,
operation, and end-of-life disposal are all included in LCA's assessment of a building's
environmental effect. The present understanding of LCA in the building industry is compiled
and synthesised in this overview of the literature. It discusses several LCA methodological
techniques, the types of environmental consequences taken into account, and the advantages
and disadvantages of earlier research. Gaining a better grasp of life cycle analysis's place in the
construction sector is the goal of this paper. In addition to informing future research,
environmentally friendly design, construction, and policy-making, it provides recommendations
for advancing sustainable building practices. Future strategies for creating a more sustainable
environment will be guided by these factors.

(Seyedabadi & Eicker, 2023) [23] Determine if the present studies have sufficiently filled the
knowledge gap by successfully adopting Life Cycle Assessment (LCA) approaches over the
whole lifecycle of buildings while providing a suitable level of detail and reliability in their
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findings. In the end, the results of this research project will pinpoint the weaknesses and gaps in
the existing corpus of knowledge, making it easier to create a roadmap for further study in this
area. Important conclusions are shown by this study field's gap analysis. First off, just 9% of
earlier study has looked at the whole urban scale, indicating a sizable research vacuum that has
to be filled in further studies. Second, a lot of research uses a bottom-up method, which creates
a lot of uncertainty and calls for better modelling and uncertainty analysis. Thirdly, although
thorough, the building-by-building strategy is expensive and time-consuming, necessitating
study on improving its effectiveness.

(Chukka et al., 2022) [24] India's carbon emissions have increased significantly during the past
few decades. One of the main causes of global warming is the growth of greenhouse gases to an
unimaginable amount. One of the major cosmopolitan cities in India, Chennai contributes more
carbon to the atmosphere and GDP. Chennai's infrastructure industry is constantly expanding,
necessitating a greater supply of building supplies. The city's urban and suburban areas, where
the automotive division, . T. division, and industrial estates are located, are expanded as a result
of the construction of new buildings. Therefore, the carbon emissions of a conventional-material
residential building in and around Chennai are the focus of this study. Thus, it is possible to
calculate the carbon emissions from traditional buildings, which contribute to climate change
and global warming.

(Budajova, 2021) [25] The term "carbon footprint" refers to the emissions of gases utilised by
people that have an impact on Earth's climate. The environment is significantly impacted by
construction, building materials, structures, or the entire life cycle of a building. With a lower
carbon footprint, sustainable architecture is becoming more and more popular. Sustainable
building, which is always evolving, is becoming more and more popular in today's construction
sector. We are being forced to cut back on our greenhouse gas emissions due to the extreme
weather variations that occur every day. We may calculate a product's carbon footprint by using
the global warming potential (GWP) that results from these greenhouse gas emissions, which is
raised to carbon dioxide CO2 and represented as carbon dioxide equivalent CO2eq. The purpose
of this article is to use life cycle assessment (LCA) analysis to vary the three compositions of
the perimeter walls and select the composition that has the lowest carbon footprint, making it
more favourable. Because of its beneficial effects on the environment, a sustainable built
environment is desperately needed.

10 CONCLUSION

Reducing carbon is essential to sustainable development and the built environment is one of the
biggest contributors to global GHG emissions. This review shows that Life Cycle Assessment
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(LCA) is a holistic tool to analyse the environmental effects of a building from the raw material
extraction to its dismantling and material recycling. LCA can pinpoint emission hotspots to help
make informed decisions in material selection, construction techniques, energy use and
renewable energy integration. The review also identifies the key role to be played by the use of
low carbon materials, circular economy concepts, BIM-integrated assessment and early design
optimisation in reducing embodied carbon emission and operational carbon emissions. While
there were some issues covered, such as data quality, methodological differences, regional
differences, and limited use of Al tools in developing countries, the future is bright as Al, digital
twins, digital BIM-LCA platforms will increase the accuracy of assessment and decision
making. The global sustainability and decarbonisation agenda will be further reinforced by
strengthened policies and mandatory whole-life carbon assessment, which will help speed up
the transition to resource-efficient, net zero and climate-resilient buildings.

11 REFERENCES

[1]  D.Kumar, K. K. Maurya, S. K. Mandal, B. A. Mir, A. Nurdiawati, and S. G. Al-ghamdi,
“Life Cycle Assessment in the Early Design Phase of Buildings: Strategies, Tools, and
Future Directions,” Buildings, vol. 15, no. 1612, 2025.

[2] A. Sarojwal and A. Garg, “Enhancing Solar PV Array Output and Efficiency through
IoT- Based Modern Techniques,” Int. J. Innov. Sci. Eng. Manag., vol. 3, no. 2, pp. 214—
222, 2024, doi: 10.69968/ijisem.2024v3si2214-222.

[3] N.F. Arenas and M. Shafique, “Reducing embodied carbon emissions of buildings — a
key consideration to meet the net zero target,” Sustain. Futur., vol. 7, p. 100166, 2024,
doi: 10.1016/j.sftr.2024.100166.

[4] H. Lim, “Comparative Life Cycle Assessment of Reconstruction and Renovation for
Carbon Reduction in Buildings,” Buildings, vol. 15, no. 3388, 2025.

[5] J. Mooney, M. S. Gul, and D. Jenkins, “Whole life carbon assessment for new-build
affordable housing: A case study,” J. Build. Eng., vol. 123, 2026.

[6] Y. Wang, C. Sun, Y. Fan, S. Su, C. Wang, and R. Wang, “Household Carbon Emissions
Research from 2005 to 2024: An Analytical Review of Assessment, Influencing Factors,
and Mitigation Pathways,” Buildings, vol. 15, pp. 1-25, 2025.

[7] N.V.Lobus, M. A. Knyazeva, A. F. Popova, and M. S. Kulikovskiy, “Carbon Footprint
Reduction and Climate Change Mitigation: A Review of the Approaches, Technologies,
and Implementation Challenges,” C J. Carbon Res. Rev., vol. 9, no. 120, 2023.

[8] C.Li, P. Pradhan, G. Chen, J. Kropp, and H. J. Schellnhuber, “Carbon footprint of the
construction sector is projected to double by 2050 globally,” Commun. earth Environ. A
Nat. Portf. J., 2025.

38



Architectural Paradigms: Academic Research in Pedagogy, Heritage, and Sustainability

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

M. Torabi, M. Huang, R. Evins, and K. Simonen, “A review of building-scale LCA tools:
recent trends, gaps and future directions,” J. Build. Perform. Simul., 2026, doi:
10.1080/19401493.2026.2663472.

R. Sayed, S. Patil, and J. S. Sudarsan, “Reducing carbon emissions in prefabricated
buildings: a systematic review of LCA-based strategies,” Discov. Civ. Eng., vol. 3, no.
69, 2026.

M. Buyle, J. Braet, and A. Audenaert, “Life cycle assessment in the construction sector:
A review,” Renew. Sustain. Energy Rev., vol. 26, pp. 379-388, 2013, doi:
10.1016/j.rser.2013.05.001.

D. Li, F. Baharum, and A. F. Al Kahlout, “Environmental Impact of Buildings from a
Life Cycle Assessment (LCA) Perspective: A Comprehensive Review,” Compend. by
Pap., vol. 41, 2025.

A. M. Bulmez et al., “Carbon Footprint Evaluation and Reduction Strategies for a
Residential Building in Romania: A Case Study,” Buildings, vol. 15, no. 938, 2025.

M. Liu, G. Zhu, and Y. Tian, “The historical evolution and research trends of life cycle
assessment,” Green Carbon, vol. 2, no. 4, pp. 425-437, 2024, doi:
10.1016/j.greenca.2024.08.003.

R. H. Crawford, “Greenhouse Gas Emissions of Global Construction Industries,” Creat.
Constr. Conf., vol. 1218, 2022, doi: 10.1088/1757-899X/1218/1/012047.

Y. Zhang et al., “Insight from Review Articles of Life Cycle Assessment for Buildings,”
Appl. Sci., vol. 15, no. 7751, pp. 1-24, 2025.

K. Slavkovic, “Dynamic life cycle assessment of buildings and building stocks — A
review,” Renew. Sustain. Energy Rev., vol. 212, 2025, doi: 10.1016/j.rser.2024.115262.
F. Yu et al., “Understanding carbon footprint: An evaluation criterion for achieving
sustainable development,” Chinese J. Popul. Resour. Environ., vol. 22, no. 4, pp. 367—
375, 2024, doi: 10.1016/j.cjpre.2024.11.001.

R.S.P. A. Officer, “Decarbonising the built environment in India Addressing operational
and embodied carbon,” 2023.

F. Ascione, L. Bindi, T. Iovane, and M. Mastellone, “Life cycle assessment in industrial
buildings: A critical review,” ENERGY SOURCES, PART A Recover. Util. Environ. Eff.,
vol. 48, no. 1, 2026, doi: 10.1080/15567036.2026.2653706.

X. Gu, L. Fan, and R. Mahabir, “Building carbon emissions (2016-2025): A PRISMA-
based systematic review of definitions, quantification methods and policies,” Environ.
Dev., vol. 57, p. 101345, 2026, doi: 10.1016/j.envdev.2025.101345.

G. TAC and S. EMEKCI, “Life Cycle Assessment and Sustainable Construction: A
Comprehensive Review from Theoretical Foundations to Practical Strategies and

39



Dr. Nikhil Mehare

[23]

[24]

[25]

Innovative Methods,” Arastirma Makal., vol. 9, no. 1, pp. 79-89, 2025, doi:
10.54864/planarch.1527015.

M. R. Seyedabadi and U. Eicker, “A critical review of urban scale life cycle assessment
of the built environment,” Sustain. Anal. Model., vol. 3, 2023, doi:
10.1016/j.samod.2023.100026.

N. D. K. R. Chukka ef al., “Environmental Impact and Carbon Footprint Assessment of
Sustainable Buildings: An Experimental Investigation,” Hindawi Adsorpt. Sci. Technol.,
2022, doi: 10.1155/2022/8130180.

J. Budajova, “Carbon footprint of selected building structures,” Young Sci. 2021, vol.
1209, 2021, doi: 10.1088/1757-899X/1209/1/012015.

40



	Carbon Footprint and Life Cycle Assessment in the Built Environment
	1 Introduction
	2 Carbon Footprint in the Built Environment
	3 Importance of Carbon Reduction for Climate Change Mitigation
	4 Life Cycle Assessment (LCA) Methodology for Buildings
	5 Strategies for Reducing Carbon Footprint Using LCA
	6 Challenges and Future Directions
	7 Challenges
	8 Future Directions
	9 Literature review
	10 Conclusion
	11 References


