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DESCRIPTION

The concept of Life Cycle Assessment (LCA) is based on
understanding that environmental impacts occur at every stage
of a product’s existence. Traditional environmental evaluations
often focus on a single phase, such as manufacturing or waste
disposal. However, this approach may overlook significant
impacts occurring elsewhere in the supply chain. LCA addresses
this limitation by adopting a “cradle-to-grave” perspective that
considers all stages, including raw material extraction, material
processing, manufacturing, transportation, product
maintenance, recycling and end-oflife treatment.
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The methodology of life cycle assessment is generally divided
into four major phases. The first phase is goal and scope
definition, where the purpose of the assessment, system
boundaries, assumptions and functional unit are established.
Defining a clear scope ensures that the assessment remains
consistent and relevant to the intended objectives. The
functional unit serves as a reference point for comparing
environmental performance across different products or systems.

The second phase is life cycle inventory analysis. During this
stage, data are collected regarding material inputs, energy
consumption, emissions, waste generation and resource use
throughout the life cycle. Inventory analysis often requires
data collection from suppliers, manufacturers,
transportation systems and waste management facilities. The
quality and accuracy of inventory data significantly influence the
reliability of assessment results.
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The third phase is life cycle impact assessment, which evaluates
the potential environmental consequences associated with
inventory data. Various environmental impact categories are
considered, including global warming potential,
depletion, acidification, eutrophication, resource depletion,
water consumption and human toxicity. Impact assessment
models convert inventory data into measurable environmental
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indicators, allowing stakeholders to understand the significance
of different environmental burdens.

Life cycle assessment has become an important tool in waste
management and resource recovery studies. Researchers
frequently use LCA to compare waste treatment technologies
such as recycling, composting, anaerobic digestion, landfilling,
incineration and waste-to-energy systems. By evaluating
environmental impacts across the entire waste management
chain, LCA supports the selection of strategies that deliver the
greatest environmental benefits. Industries increasingly utilize
life cycle assessment to support sustainable product and their
development. Eco-design principles often rely on LCA findings
to identify materials and manufacturing processes with lower
impacts. Companies
consumption, improve energy efficiency and minimize emissions
by integrating life cycle thinking into product design and
production planning.
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Government agencies and policymakers also use LCA to develop
environmental regulations and sustainability policies. Life cycle
information helps evaluate the environmental implications of
different policy options and supports evidence-based decision-
making. LCA contributes to the development of environmental
labelling programs, green procurement initiatives and carbon
footprint reduction strategies.

Technological advancements have improved the accessibility and
accuracy of life cycle assessment. Specialized software tools are
environmental and digital monitoring systems
facilitate data collection and analysis. Emerging technologies
such as artificial intelligence, big data analytics and block chain
are expected to further enhance life cycle assessment
methodologies by improving data quality and supply chain
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transparency.

Despite its numerous advantages, life cycle assessment faces
several challenges. Data availability, methodological complexity,
uncertainty in assumptions and variations in impact assessment
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Additionally, conducting
comprehensive LCAs may require significant time, expertise and

models can affect results.

financial resources. Continuous methodological improvements

and international standardization efforts are helping address
these limitations.

CONCLUSION

Life Cycle Assessment serves as a powerful tool for evaluating
environmental impacts across the complete lifecycle of products,
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processes and services. By providing a holistic perspective on
resource use, emissions and environmental performance, LCA
supports sustainable decision-making in industry, government
and research. As environmental challenges become increasingly
complex, the application of LCA will continue to play a critical
role in promoting resource efficiency, environmental
responsibility and long-term sustainability.
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