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Objective: Nowadays, environmental pollutants are considered one of the most important problems
in human life, and one of the sectors producing them is the construction industry. The extraction of
raw materials, production of building products, transportation of materials, and many other
construction-related activities have substantial and often irreversible impacts on the environment.
Therefore, the development and use of green materials and sustainable construction practices are of
great importance.

Method: Since the facade is a critical component of a building's construction, this study selects two
common types of facade in Tabriz—brick and composite—and investigates their associated
pollution. Based on field research and surveys, the impact during the pre-production, production,
transportation, and end-of-life phases was calculated using the Equalizer method. First, the amount
of materials used in each facade type was obtained, and the pollution amount caused by each facade
type was calculated and compared with the mpt pollution index.

Results: According to the calculations, the brick facade produced less pollution than the composite
facade. Therefore, between these two studied examples, the brick facade was the more suitable
option for the city of Tabriz. The research focused on optimizing the brick facade with less pollution
by using alternative materials with lower indicators and also recycled materials so that the facade
could be used in the best possible way. By applying optimization methods in the production and
transportation process of materials, the pollution level of the brick facade could be reduced by about
70 percent.

Conclusions: Based on the results, the optimal facade type in the study area is the one that, in
addition to its availability, causes less damage to the environment. This study showed that choosing
building construction materials with less pollution and implementing optimization programs can
play an important role in reducing negative impacts on the environment and developing sustainable
buildings. Also, issues such as the transportation of materials and supplies, which act as hidden
factors in the calculations of the pollution level of the construction industry, are also important in
this regard and should be considered in the calculations. This research indicates that before making
a final decision on the design and implementation of construction projects, the environmental
impacts of materials should be examined in order to control costs and resource consumption in
addition to reducing pollution. Overall, this research is a useful step towards green construction and
reducing environmental impacts at the urban level.
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Introduction

Nowadays, the world faces serious environmental issues, including ozone layer depletion and global warming
(Chan, Masrom, and Yasin, 2022). Rapid climate change worldwide necessitates urgent action to prevent
environmental destruction caused by human activities (Zheng, Imran, and Umair, 2025). In recent decades, global
energy consumption has increased significantly due to population growth, rapid urbanization, and economic
development (Vajdi and Aslani, 2023), which exerted intense pressure on energy resources and the environment.
This growth has also been accompanied by a rapid increase in greenhouse gas emissions, especially carbon dioxide,
leading to environmental problems such as global warming and climate change (Wang and Pan, 2023). Greenhouse
gas emissions, especially CO., increase with economic growth. The construction sector is a major energy and
material user and significantly contributes to pollution and climate change (Chan, Masrom, and Yasin, 2022). The
construction sector uses 30 percent of global energy and produces over 60 percent of greenhouse gases, mainly COx,
contributing to climate change and global warming (Jia, Guo, and Yang, 2024).

Embodied energy and emissions are the total energy and greenhouse gases in a product's lifecycle, divided into
direct (operation) and indirect (production and transportation) types (Wang and Pan, 2023). Many services, such as
electricity generation, transportation, manufacturing, construction, and agriculture, are responsible for high levels
of climate-changing gases (Orsini and Marrone, 2019). The building materials industry contributes significantly to
air pollution by emitting large amounts of SOz, NOx, and particulate matter such as PM2.5 and PM10 (Cui, Guo,
and Xo, 2023), and also releases greenhouse gases (between 3.5 and 4.6 kg of carbon annually) (Zhong, Hu, and
Deetman, 2021), along with volatile organic compounds, which harm human health and the environment (Chepaitis,
Zhang, and Kalafut, 2024). This phase accounts for over 80 percent of embodied energy, and high material use can
hinder national efforts for energy saving, decarbonization, and pollution reduction (Wang and Pan, 2023). Building
materials impact the environment throughout their lifecycle—from extraction to disposal and during use, as they
consume energy and materials. Therefore, all lifecycle stages must be evaluated (Cabeza, Barreneche, and Miro,
2013).

During building construction, carbon emissions range from 372.43 to 525.88 kg of CO: per square meter, with the
manufacturing phase of construction materials accounting for approximately 94.27 percent of total emissions,
mainly due to concrete, steel, cement mortar, and lime production (Cheng and Zhou, 2023). The transportation
sector is one of the main sources of CO: emissions due to fossil fuel combustion worldwide, requiring effective
management and solutions to reduce it (Li, Ren, and Li, 2022). Road infrastructure supports economic growth but
contributes significantly to environmental issues, with over 25 percent of transportation CO: emissions in 2020
related to roads. Construction waste, about 3-4 percent of total GHG emissions, also poses environmental and
management challenges. Research focuses on recycling materials like concrete, asphalt, glass, and rubber to reduce
impacts and promote sustainable infrastructure. Recycling helps optimize resource use and mitigate environmental
harm (Ahmed, Lu, and Ng, 2025).

A building's total energy comprises embodied energy (from material production, construction, demolition, and
disposal) and operational energy (for heating, cooling, lighting, and appliances) (Chen, Zhou, and Yang, 2019).
Given the increasing greenhouse gas emissions, especially carbon dioxide, on our planet, the necessity for adopting
optimized and sustainable construction methods has become more urgent than ever (Watkins, Casamayor, and
Ramirez, 2021). The current global patterns of production and consumption have led to irreversible social and
environmental damages. Reducing reliance on non-renewable energy sources in construction (Videras Rodriguez,
Gomez Melgar, and Andtjar Marquez, 2024), and using more durable, long-lasting materials and increasing
concrete cover thickness can extend building lifespan and reduce emissions

by up to 30 percent (Moran, Flynn, and Larkin, 2025).

Embodied carbon calculation is crucial, especially in early design stages, as it guides necessary adjustments. It
involves multiplying material quantities by their carbon factors to estimate total embodied carbon, supporting
sustainable decision-making and comparison of design options (Orr, Gibbons, and Arnold, 2020).
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Method

Detailed information on the material quantities for brick and composite facades was collected through interviews
with facade manufacturers. A four-story building was modeled with its south facade designed in both types,
maintaining identical dimensions. Material quantities were calculated and analyzed using the material processing
technique (MPT) index from the Ecolizer 2.0 system.

Ecolizer 2.0, a life cycle assessment (LCA) tool based on European databases, quantifies environmental impacts
across raw material extraction, production, transportation, use, and end-of-life stages using point (pt) and milli-point
(mpt) indicators. The mpt allows numerical comparison of environmental loads between materials. Data for both
facade types were inputted into the four main life cycle stages, and total environmental impacts were calculated.
Pollution levels for each facade were then computed for pre-production, production, transportation, and end-of-life
stages, with total emissions obtained by summing the contributions of all stages.

Results

The results showed that the brick facade had lower environmental impacts than the composite facade in most stages,
with total ecological footprints of 996,354 mpt and 1,027,198 mpt, respectively. Transportation impacts were
significantly lower for the composite facade due to shorter distances. Despite recycling efforts for brick, the
composite facade had a slightly higher overall footprint. To further reduce environmental impacts, an optimized
brick facade was designed with modified materials, reduced weight, improved construction methods, and higher
recyclability. This optimization reduced the total pollution index by about 70 percent to 310,231 mpt, compared to
the composite facade. Notably, the end-of-life stage showed a negative index (—212,184 mpt), indicating that
recycling and reintegration of materials could offset prior pollution.

Conclusions

One of the main contributing factors to pollution and carbon emissions in the construction sector is building facade
design. Therefore, actions must be taken to reduce these impacts. Such measures include utilizing climate-
appropriate materials, incorporating recycled materials, and modifying production processes to lower the carbon
footprint .In this study, with quantified estimates of the material consumption for brick and composite facades and
the calculation of their associated emissions using the ecolizer method, it was found that the emissions from brick
facades were 3 percent lower than those from composite facades. Consequently, brick facades were more
environmentally favorable in terms of emission levels. Nevertheless, brick facades could be optimized for better
performance. To this end, a recycled-material-enhanced brick facade was developed, and transportation was
conducted via train, which has a lower emission factor. The optimized brick facade's emissions were approximately
68 percent lower than those of a conventional brick facade .In conclusion, by selecting appropriate materials and
production processes, the amount of pollution emitted from facade constructions can be significantly reduced. These
results are based on the technical specifications of two specific facade systems, named Azarakhsh brick and Paya
Composite panels, and should therefore be interpreted within this scope.
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