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The cement industry is responsible for approximately 7-8% of global anthropogenic
CO, emissions, primarily due to high-temperature clinker production and intensive
energy consumption. Reducing cement content in construction materials represents a
critical pathway toward sustainable development. This study evaluates the environmental
benefits of lightweight masonry blocks produced with reduced cement content and
recycled plastic aggregates. By replacing a significant portion of mineral aggregates
and minimizing cement dosage to approximately 10-20%, the proposed composite
block achieves notable reductions in embodied energy and CO, emissions. Analytical
estimations demonstrate that cement reduction directly lowers process-related emissions
while recycled plastic utilization diverts waste from landfills. The results confirm that
environmental performance can be improved without compromising structural or

thermal requirements, offering a viable solution for low-carbon construction.

Keywords: CO, emissions; Cement reduction; Embodied energy; Recycled plastic;

Sustainable masonry

Introduction. Construction as a sector, taking into account all its stages,
consumes, in general, 45% of the energy produced and 35% of the material
resources created. At the operation stage, buildings and structures continuously
require energy supply for heating, cooling, and water heating, the consumption
of which produces greenhouse gas emissions into the environment, which has
a serious negative impact on the environment. Green construction is a new
direction that ensures the reduction of energy consumption in buildings and
structures without deteriorating living or industrial conditions. Ensuring the
energy efficiency of buildings is a crucial challenge of green construction (Karen
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et al. 2018, Gartner, Sui 2018). We conducted a study to determine the optimal
parameters of energy-efficient construction blocks using secondary plastic
waste. In addition to ensuring energy efficiency, the blocks have another type
of advantage: their production reduces the amount of cement consumed, which
ensures significant decarbonization at the production stage.

Cement production is one of the most energy-intensive industrial
processes, requiring kiln temperatures of approximately 1450°C (Habert et al.
2011, European Commission 2020). The process generates CO, emissions from
both fuel combustion and limestone calcination. Consequently, reducing cement
consumption has become a global priority within climate mitigation strategies.

Recentresearchhighlightsthepotentialofalternativebinders,supplementary
cementitious materials, and lightweight aggregates to lower the environmental
footprint of construction materials. However, many solutions involve complex
chemical modifications or high processing costs (Intergovernmental Panel ...
2022).

This study proposes a pragmatic approach: reducing cement content while
enhancing material performance through structural porosity and recycled plastic
incorporation.

Environmental Impact of Cement Production. CO, Emissions from Cement
Manufacturing On average: 1 ton of Portland cement emits approximately 0.85—
0.95 tons of CO,, Energy consumption ranges between 3.2—4.2 GJ per ton. Thus,
even modest reductions in cement usage at the material level yield substantial
cumulative benefits at the building and urban scale (International Energy... 2023,
United Nations... 2019).

Role of Cement Content Reduction. In conventional concrete blocks,
cement content often exceeds structural necessity due to conservative design
practices. By optimizing internal structure and aggregate selection, it becomes
possible to reduce cement dosage without sacrificing mechanical performance
(Ramezanianpour... 2014).

Cement-Plastic Composite Concept. Material Strategy. The proposed
block incorporates: Reduced cement content (=10-20% by mass), Recycled
plastic particles as lightweight aggregates, Cold-mixing technology eliminating
additional thermal processing.

Plastic particles do not participate in hydration reactions but act as: Volume
fillers, Crack arresters, Contributors to porosity and thermal resistance (Jenna et
al. 2015, Shrestha et al. 2023).

Justification for Cement Reduction. Cement primarily ensures: Load
transfer between aggregates, Structural coherence of the composite.
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Due to the low density and elasticity of plastic aggregates, stress
concentrations are reduced, allowing cement content to be minimized while
maintaining sufficient compressive strength.

CO, Emission Reduction Assessment. Cement Savings Calculation
(Indicative). Assuming: Conventional block cement content: 270 kg/m?, Proposed
block cement content: "170 kg/m3,

Cement saving: AC=270-170=100 kg/m3, Associated CO, reduction:
ACO2=100x0.9=90 kg CO,

This represents a 33—-37% reduction in cement-related emissions per cubic
meter of masonry.

Energy Consumption Reduction. Lower cement demand directly reduces:
Kiln fuel usage, Electricity consumption for grinding and processing.

Furthermore, cold-mixing technology eliminates additional thermal energy
requirements during block production.

Additional Environmental Benefits. Plastic Waste Utilization. Incorporation
of recycled plastic: Reduces landfill disposal, Decreases environmental pollution,
Extends material lifecycle within a circular economy framework.

Operational Energy Savings. The improved thermal performance of the
blocks (A = 0.15 W/m-K) leads to: Reduced heating and cooling demand, Lower
operational CO, emissions throughout the building’s life cycle.

Unlike conventional high-strength concrete, the proposed composite
prioritizes: Functional performance over excessive strength, Material efficiency
over mass density, Environmental optimization over conservative overdesign.

The synergy between cement reduction, recycled plastic use, and porous
structure results in a material that addresses both embodied and operational
carbon emissions.

Research results. This study confirms that significant reductions in CO,
emissions and energy consumption can be achieved through cement minimization
in masonry blocks. The proposed cement—plastic composite demonstrates that
sustainability and performance are not mutually exclusive.

The findings support the integration of such materials into low-carbon
construction strategies and provide a strong foundation for further experimental
validation, standardization, and patent development.
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