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Background and Objectives: The consumption of raw materials in the
construction industry, in addition to the excessive use of natural resources,
results in a significant increase in energy demand across various construction
stages. The selection of materials with high embodied energy not only leads
to substantial energy demand during the production and construction phases
but may also increase energy consumption for heating, cooling, and
ventilation throughout the building’s operational life. Given the growing
importance of sustainability and environmental efficiency in the building
industry value chain, a detailed examination of the life cycle of construction
materials and their impacts on metrics such as energy, water, carbon
emissions, transportation, and waste is essential. The objective of this study
is to conduct a comprehensive analysis of the environmental impacts of
common building materials based on international standard data and to
determine their position within the value chain, aiming to enhance
understanding and improve decision-making for sustainable development.
From a value chain perspective, improving the performance of each stage
production, transportation, use, and recycling of building materials directly
influences the efficiency of the entire chain.

Materials and Methods: This study employs a life cycle assessment (LCA)
approach using the international database Ecoinvent v3.10. This database
provides comprehensive information on the environmental impacts of
production processes, transportation, construction, and end-of-life disposal of
materials. The assessment was conducted for widely used construction
materials, including bricks, ceramics, tiles, thermal insulation, cementitious
materials, wood products, steel, aluminum, copper, glass, and PVC. For each
material, primary energy consumption, CO: emissions, water demand,
transportation, and end-of-life scenarios were analyzed. Indicators such as
primary energy demand, representing the total energy required to produce a
product, were employed alongside global metrics like Global Warming
Potential (GWP) and freshwater consumption during production and
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maintenance processes. Furthermore, the position of each indicator within the
value chain hierarchy (materials, energy, environmental quality, waste,
transportation, and economy) was analyzed, and their relative contributions
were determined according to international standards.

Results: The results indicate that highly industrially processed materials,
such as tiles and ceramics, exhibit the highest primary energy demand and
greenhouse gas emissions, whereas natural materials like wood and cellulose
fibers demonstrate the lowest environmental impacts. Natural insulations,
compared to industrial insulations such as polystyrene, exhibit up to 98%
lower carbon emissions. Within cementitious materials, the significant
contribution of cement to CO2 emissions was confirmed, and the substitution
of fossil fuels with green fuels was suggested as an effective strategy to
reduce environmental impacts. Wood products, due to their net carbon
absorption, can play a significant role in improving carbon balance in the
construction life cycle. Among industrial materials, aluminum and steel
exhibit the highest energy- and transport-related impacts; however, the use of
secondary and recycled products significantly reduces carbon emissions.
Additionally, the findings indicate that efficient material transportation
management and the adoption of new production technologies can play a key
role in mitigating environmental impacts.

Conclusion: The study demonstrates that life cycle assessment of
construction materials is a critical tool for informed decision-making within
the building industry value chain. The development and implementation of
innovative technologies, control of transportation, substitution of
environmentally friendly fuels, and promotion of recycled materials can
substantially reduce greenhouse gas emissions and energy consumption.
Furthermore, establishing a national database of construction materials
aligned with the characteristics of each country’s industry is essential for
formulating more precise environmental policies. Finally, encouraging
manufacturers to use environmental labels and providing governmental
support for sustainable materials can foster positive competition within the
value chain and facilitate the transition toward sustainable construction.
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