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Abstract: Introduction: The properties of geopolymer bricks are significantly affected by the raw material
composition, the proportions of alkaline solutions and the level of sodium hydroxide concentration. Several
experiments focused on increasing the strength, hardening and durability of bricks Contribute to the
advancement of energy-efficient and environment-friendly solutions. Research highlights the potential of
industrial concrete derived from plant-based materials and waste, which offers advantages over traditional
cement, including reduced waste generation, lower CO2 emissions and improved thermal properties that
improve energy efficiency in buildings. The construction industry's consumption of raw materials and its
significant contribution to greenhouse gas emissions underline the need for sustainable practices. Also,
using red mud, a by-product of aluminium refining in geopolymer production, not only reduces costs but
also reduces environmental impact. Research significance: Switching from traditional Ordinary Portland
Cement (OPC) to industrial concrete derived from plant-based materials and wastes offers many benefits,
such as reduced environmental impact through lower CO2 emissions and reduced reliance on virgin
resources. The construction industry, which uses a disproportionate number of raw materials and generates
substantial waste, has benefited significantly from innovations in materials science. Geopolymer concrete,
recognized for its long service life and excellent mechanical properties, is emerging as a promising
alternative. Its resistance to chemical attacks and temperature fluctuations improves building performance
and leads to better indoor air quality, energy efficiency and an overall improved quality of life.
Methodology: Alternative: Eco Mix, Green Bind, Gaolie, Tarragon, Enviro Crete. Evaluation Preference:
Energy Consumption (MJ/ton), CO2 Emissions (kg CO2/ton), Production Efficiency (%), Material Cost
Savings (%). Result: The results indicate that Gaolie achieved the highest rank, while Green Bind had the
lowest rank being attained. Conclusion: “The value of the dataset Energy Efficiency in Geopolymer
Production, according to the Vespa’s method, Gaolie achieves the highest ranking.”

Key words:  Geopolymer Bricks, CO2 Emissions, Geopolymer Concrete, Construction Waste, Thermal
Properties, Moisture Resistance.

1. INTRODUCTION

The properties of geopolymer bricks can vary greatly depending on the composition of the raw material, the ratio of
alkali solutions and the concentration of sodium hydroxide used. The research describes a set of tests to improve the
factors affecting the strength, hardening, and durability of bricks. The results contribute to the development of energy-
efficient, eco-friendly bricks. [1] In conclusion, industrial concrete, derived from plant-based materials and waste, has
great potential. It offers many advantages compared to conventional cement and concrete such as reduced waste
generation, dependence on Ordinary Portland Cement (OPC), and carbon dioxide emissions. It increases energy
efficiency in buildings, reduces both upfront and ongoing costs, and raises the quality of life by providing superior
thermal insulation and moisture resistance. [2] The construction industry involves many elements such as design,
material selection, use of natural resources, and interactions with socioeconomic, regulatory, and administrative
factors. It consumes rawer materials by weight compared to other industries. Also, the impending shortage of virgin
aggregates will increase costs, while long-term trends in cement use in Europe remain unpredictable. The built
environment is the primary contributor to greenhouse gas emissions related to energy consumption. Construction and
demolition activities generate the most waste by weight in Europe, most of which is recyclable. Environmental
considerations help reduce the impact of construction on raw material use, indoor air quality, and water and energy
efficiency. [5] The embodied energy in the production of ordinary Portland cement (OPC) is mainly influenced by the
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technology used in the kiln processes. This analysis uses weighted average energy intensity from the International
Energy Agency's Global Survey of Industrial Energy Efficiency, due to its comprehensive coverage and global
importance. This may lead to a conservative estimate (with lower power) compared to other statistics, resulting in a
similarly cautious comparison with BDG. [8] Red mud is a waste product from the Bayer process, which is used in
the industrial production of aluminium. In this process, bauxite is dissolved in sodium hydroxide under elevated
temperature and pressure, resulting in a red mud with a high pH due to residual sodium hydroxide. Using red mud in
its wet form saves time and energy required for drying, and by increasing its natural alkalinity, less alkali activator is
required, reducing the overall cost of geopolymer production. [9] However, data on new or improved energy efficiency
and low carbon technologies is still under development. This paper collects information on these emerging
technologies to provide engineers, researchers, investors, cement companies, policy makers and other stakeholders
with convenient access to a complete and well-organized database on the subject. [12] Sodium hydroxide (Nao) is
typically produced as a by-product of chlorine production through electrolysis, where electricity is applied to a salt
solution. Without proper management, desalination can be inefficient in terms of energy use. Using diaphragm cells
is a method to improve energy efficiency. In sodium hydroxide (Nao) production, the system scope typically includes
material extraction, production, and transportation to the production facility. [15] However, its use as a lightweight
construction material has gained significant popularity in recent decades, driven by increasing concerns about
developing energy efficiency. Another technique to improve thermal insulation involves the use of fine aggregates,
although this falls outside the scope of this review, which focuses primarily on the development of lightweight binders.
[16] An environmental impact assessment was conducted to model the performance of new geopolymer materials for
thermal energy storage and to compare them with existing literature, aiming to evaluate the production of 1 m® of
material and its impact on the ecosystem. This method helped to identify technical and environmental constraints of
materials intended for heat storage units. The Environmental Impact Assessment conforms to the principles of Life
Cycle Assessment (LCA), using a cradle-gate approach with Environmental Product Declaration (EPD®) standards
to facilitate possible future industrialization in Italy. [17] Geopolymer concrete is recognized as having a longer
lifespan compared to traditional ordinary Portland cement (OPC) concrete, thanks to its stronger mechanical
properties, greater resistance to chemical attacks, and improved temperature resistance. In the literature, geopolymer
concrete is often compared to CEM I-type ordinary Portland cement (OPC) concrete. However, other types of concrete
conforming to cement standards may also be considered traditional. [18] Grinding of high-modulus natural silicate
(HMNS) contributes to the embodied energy of geopolymer cement. This ability is necessary to transform large
HMNS aggregates into micrometre-sized particles. In this study, milling was carried out with a laboratory ball mill,
which exhibits significantly different energy efficiency from actual manufacturing processes. Grinding of HMNS can
also take place in a blast furnace slag grinding facility. Energy requirements vary based on the type of plant used and
the desired fineness of production. [19] A suggested solution to solve this problem is the use of geopolymers.
Geopolymer concrete (GPC) is a sophisticated, eco-friendly construction material It is generally prepared by activating
the cementitious properties of solid alum inosilicate materials with alkali activators such as sodium silicate and sodium
hydroxide at low curing temperatures. [20]

2. MATERIALS AND METHOD

Zavadskas, Antucheviciene, and Rizvi Hagigah improved the Vespa’s method by incorporating interval-valued
intuitionistic fuzzy numbers and compared its results with other existing methods. Lashkar, Antuchevicieng,
Delaware, and Kheirkhah integrated the Quantitative Strategic Planning Matrix (QSPM) with the visas method to
develop a multi-criterion decision-making (MCDM) approach to developing outsourcing strategies. Vafeipur, Solana,
Variance, Threat and Eshkaluk are using SWARA and WASPAS methods to evaluate solar power projects based on
regional priorities. Meanwhile, Dziugaité-Tuméniené and Lapinskiené analysed various criteria of energy supply
systems in low-energy houses using the WASPAS method. [1] The methodology presented in this paper shows a high
level of accuracy in solving decision-making problems, supported by the research described in the Materials and
Methods section. Along with employing accurate statistical and mathematical techniques for risk ranking, experienced
experts identify potential risks in road construction projects and offer valuable insights for future research in the field.
The rest of the paper is organized as follows: Section '"Was pass method' introduces the Was pass method. [2] As
mentioned earlier, the classical WASPAS method uses a linear normalization procedure. However, when working
with interval type-2 fuzzy sets (IT2FSs) that have zero elements in the result matrix, normalized IT2FSs for null
criteria will yield infinite values. To address this, the proposed extended WASPAS method modifies the normalization
process. Additionally, the WPM process is modified to avoid calculations involving complex numbers. In this
approach, the calculation of criterion weights combines the weights assigned to the decision makers and the weights
obtained from the entropy method. [3] This approach differs from the previously discussed multiple criteria decision
making (MCDM) methods for project evaluation. In particular, an improved version of the WASPAS method, referred
to as the OFN-WASPAS method, is introduced, and the paper outlines a methodology for selecting development
projects using this proposed approach. [4] This study focused on a multi-criteria economic analysis of various
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machining processes, using the WASPAS method to select the most suitable machining process. Also, they rank and
select the best healthcare outsourcing strategies using the Qualitative Strategic Planning Matrix (QSPM) and
WASPAS methodology. [6] The integration of two optimization criteria, the weighted sum model (WSM) and the
weighted product model (WPM), is known as the weighted total product evaluation (WASPASS) and is used to assess
the suitability and effectiveness of an integrated method for selecting waste incineration plant construction sites. In
this context, a new extension of the original WASPAS method, called WASPAS-SVNS, includes a single-valued
neutrosophic ensemble. [8] The WASPAS methodology enables decision makers to evaluate alternatives using
subjective and objective criteria. These characteristics distinguish the proposed solution method from other multi-
criteria decision-making techniques and make it the preferred approach for this study. [10] This method combines the
SCORE function, entropy measure, and the classical Was pass approach within the framework of fuzzy sets. A
coherent procedure is proposed to determine the criterion weights using both the entropy measure and the score
function. A new scoring function with desirable properties and multiple entropy measures is introduced into the FFSs
framework. Additionally, an illustrative case study of sanitary waste (HCW) disposal site selection under FFSs is
presented, demonstrating the practicality and effectiveness of the developed approach. [11] Additionally, a
comparative analysis between the developed approach and various existing methods is conducted to validate the
results. A sensitivity analysis involving various criterion weights and parameter values was performed to assess the
stability of the HF-WASPAS approach. The findings indicate that HF-WASPAS is useful and highly compatible with
current methods. [12] This section illustrates the effectiveness of the IVIF-WASPAS method through a case study
focusing on reservoir flood control management. Given the enormous threat and widespread occurrence of flooding,
this natural disaster poses a significant risk to society. Therefore, a flood control management policy is necessary to
mitigate flood risk while ensuring that the reservoir water level is as low as possible at the end of the flood. [13] To
rank these TSPs based on operational performance, a new integrated approach called the “Expanded WASPAS
Methodology” has been developed. This method uses a decision-making process to solve a multi-criterion decision-
making (MCDM) problem within the framework of interval fuzzy sets (IFSs). [14]

3. ANALYSIS AND DISCUSSION

TABLE 1. Energy Efficiency in Geopolymer Production

DATA SET
Energy Consumption | CO2 Emissions Production Material Cost
(MlJ/ton) (kg CO2/ton) Efficiency (%) Savings (%)
Eco Mix 1700 180 88 12
Green Bind 1600 175 90 15
Gaolie 1850 190 85 10
Tarragon 1750 185 87 14
Enviro Crete 1650 170 89 13

Energy consumption (MJ/ton) and CO2 emissions (kg CO2/ton) are non-benefit parameters, meaning lower values
are more favorable. Green Bind has the lowest energy consumption (1600 MJ/ton) and CO2 emissions (175 kg
CO2/ton), making it the most environmentally efficient option. Gaolie, on the other hand, consumes the most energy
(1850 MlJ/ton) and has the highest emissions (190 kg CO2/ton), making it the least efficient in these categories.
Production efficiency (%) and material cost savings (%) are benefit parameters, where higher values are preferred.
Green Bind also leads in production efficiency (90%) and material cost savings (15%), making it the most efficient
method in terms of output and cost. Gaolie lags behind with the lowest production efficiency (85%) and cost savings
(10%).
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FIGURE 1. Energy Efficiency in Geopolymer Production
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The CO2 emissions component, shown in red, is also relatively consistent across the alternatives, with Green Bind
and EnviroCrete producing the least CO2, and Gaolie and Tarragon generating slightly more emissions. Eco Mix
stands somewhere in the middle. The green portion of the bars, representing production efficiency, shows that Green
Bind and Gaolie have higher production efficiencies, while Eco Mix and EnviroCrete follow closely behind. Gaolie,
though consuming the most energy, balances that with high efficiency. Finally, material cost savings, indicated in
purple, shows that Green Bind offers the highest savings, followed by Tarragon and EnviroCrete, while Gaolie and
Eco Mix have slightly lower cost savings. Gaolie and Green Bind emerge as strong contenders with a balance of high
efficiency and relatively controlled emissions, while Eco Mix and Tarragon offer decent cost savings but slightly
higher energy consumption.

TABLE 2. Performance value
Performance value
0.918919 0.947368 1 0.833333
0.864865 0.921053 | 0.9 0.666667
1 1 1 1
0.945946 0.973684 1 0.714286
0.891892 0.894737 1 0.769231

The first alternative shows strong performance in most areas, particularly in production efficiency, where it scores the
maximum value of 1. However, its material cost savings (0.833) lag slightly behind, indicating room for improvement
in cost efficiency. The second alternative demonstrates lower performance in material cost savings (0.667) and
production efficiency (0.9), suggesting it is less competitive compared to the other alternatives. Its performance in
CO2 emissions (0.921) and energy consumption (0.865) is also slightly behind the leading alternatives. The third
alternative performs exceptionally well, with perfect scores of 1 across all parameters, indicating it is the best option
overall, excelling in energy consumption, emissions, efficiency, and cost savings. The fourth alternative performs
strongly in most areas, particularly in production efficiency (1) and CO2 emissions (0.974), but its material cost
savings (0.714) are weaker.

TABLE 3. Weight

Weight
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25

By assigning equal weight, the decision-making process assumes that all parameters are equally important for
assessing the energy efficiency in geopolymer production. For instance, energy consumption and CO2 emissions (both
non-benefit parameters) hold the same importance as production efficiency and material cost savings (both benefit
parameters). This balance ensures a fair and unbiased assessment, where a strong performance in one category does
not disproportionately influence the ranking.

TABLE 4. Weighted normalized decision matrix

Weighted normalized decision matrix
0.22973 0.23684 0.24148 0.20833
0.21622 0.23026 0.23611 0.16667
0.25000 0.25000 0.25000 0.25000
0.23649 0.24342 0.24425 0.17857
0.22297 0.22368 0.23876 0.19231

The third alternative stands out with values of 0.25 across all parameters, indicating perfect performance and balance
in energy consumption, CO2 emissions, production efficiency, and material cost savings. This suggests that this
alternative performs equally well across all factors, making it the most optimal choice based on the equal weighting
scheme. The first alternative also performs relatively well, with slightly lower values in the material cost savings
parameter (0.208), suggesting that while it excels in other areas, its cost savings are somewhat less competitive. The
second alternative has weaker performance, especially in material cost savings (0.167), indicating that its overall score
is negatively impacted by its inefficiency in this area.
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TABLE 5. Preference Score

Preference Score
Eco Mix 0.91638
Green Bind 0.84926
Gaolie 1.00000
Tarragon 0.90273
EnviroCrete 0.87773

Gaolie stands out with a perfect preference score of 1.000, meaning it performs optimally across all evaluation
parameters—energy consumption, CO2 emissions, production efficiency, and material cost savings. This suggests
Gaolie is the most efficient and balanced option, excelling in both environmental sustainability and economic benefits.
Eco Mix has a strong preference score of 0.916, indicating it is competitive but slightly underperforms in some areas
compared to Gaolie. Similarly, Tarragon, with a score of 0.903, follows closely, reflecting good overall performance
but with some room for improvement, likely in material cost savings or efficiency. EnviroCrete scores 0.878,
indicating moderate performance. It is effective but less competitive than Eco Mix or Tarragon, possibly due to weaker
results in one or more parameters. Green Bind, with the lowest score of 0.849, lags behind the other alternatives,
indicating it may have issues in areas like energy consumption or cost savings that reduce its overall efficiency.

TABLE 6. WASPAS Coefficient

WASPAS Coefficient
Eco Mix 0.91566
Green Bind 0.84540
Gaolie 1.00000
Tarragon 0.89906
EnviroCrete 0.87638

Gaolie achieves the highest WASPAS coefficient of 1.000, indicating that it performs optimally across all evaluation
parameters—energy consumption, CO2 emissions, production efficiency, and material cost savings. This perfect score
positions Gaolie as the most efficient and balanced alternative for sustainable geopolymer production. Eco Mix, with
a WASPAS coefficient of 0.91566, is a strong competitor, performing well in most areas but falling slightly short of
Elite’s perfect balance. Similarly, Tarragon follows closely with a coefficient of 0.89906, indicating solid
performance, though likely weaker in one or more parameters, such as material cost savings or energy consumption.
EnviroCrete has a moderate WASPAS coefficient of 0.87638, reflecting reasonable performance but with some
limitations, possibly in cost efficiency or emissions control. Green Bind, with the lowest coefficient of 0.84540, lags
behind the other alternatives, suggesting that while it may perform well in certain areas, it is less competitive in overall
efficiency and environmental impact.

Table 7. Rank

RANK
Eco Mix 2
Green Bind 5
Gaolie 1
Tarragon 3
EnviroCrete 4

Gaolie holds the top spot with a rank of 1, confirming that it is the most efficient and balanced alternative across all
evaluation parameters, including energy consumption, CO2 emissions, production efficiency, and material cost
savings. Its consistent performance across both environmental and economic factors makes it the best choice for
sustainable geopolymer production. Eco Mix ranks 2, indicating that it is a strong competitor, performing well in most
criteria but slightly less optimal than Gaolie. It may have marginally lower performance in areas like material cost
savings or CO2 emissions but remains highly competitive. Tarragon takes the 3rd position, reflecting solid
performance across the board, though not as strong as Eco Mix or Gaolie. It likely excels in certain areas like
production efficiency while falling behind slightly in others, such as energy consumption or environmental impact.
EnviroCrete, with a rank of 4, performs reasonably well but is less competitive compared to the top three alternatives.
Green Bind, ranked 5, is the weakest performer, suggesting that it may struggle with higher energy consumption,
lower production efficiency, or cost savings compared to the others.
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FIGURE 2. RANK

Gaolie clearly stands out with the lowest rank of 1, showing that it is the most efficient alternative in terms of energy
consumption, CO2 emissions, production efficiency, and material cost savings. This strong performance is reflected
by the sharp drop in the graph at Elite’s position. Eco Mix ranks 2, suggesting solid overall performance, though
slightly behind Gaolie. The graph shows a gradual rise after Eco Mix, indicating that the next alternative, Green Bind,
is the weakest performer. With a rank of 5, Green Bind’s performance is the least favorable in the set, possibly due to
higher energy consumption or lower cost savings. After Gaolie, the graph begins to rise again, with Tarragon ranked
3, reflecting a mid-range performance. EnviroCrete, ranked 4, performs better than Green Bind but worse than
Tarragon and Eco Mix. In summary, the graph visualizes that Gaolie is the top performer, while Green Bind is the
least efficient. Eco Mix, Tarragon, and nviroCrete perform moderately, with Tarragon slightly outperforming
EnviroCrete.

4. CONCLUSION

Industrial concrete produced from plant-based materials and waste offers a significant opportunity to reduce the
environmental impact of construction. Compared to traditional Ordinary Portland Cement (OPC), geopolymer
concrete offers numerous advantages, including lower CO2 emissions, reduced waste generation, and a decreased
reliance on non-renewable resources. These properties not only help mitigate climate change but also enhance energy
efficiency in buildings, ultimately leading to lower operational costs and improved quality of life through better
thermal properties and moisture resistance. The construction industry, responsible for substantial raw material
consumption and greenhouse gas emissions, faces mounting challenges, including future shortages of virgin
aggregates. By adopting geopolymer technology, we can transition toward a more sustainable model that prioritizes
resource efficiency and waste minimization. The incorporation of by-products such as red mud demonstrates the
feasibility of utilizing waste materials, which further decreases the embodied energy associated with geopolymer
production. Moreover, this research underscores the need for emerging energy-efficient technologies within the
cement industry, aiming to compile and present relevant data to stakeholders such as engineers, policymakers, and
investors. This is particularly important as the market continues to evolve, and stakeholders seek reliable information
on sustainable practices. The potential of geopolymer concrete extends beyond its immediate environmental benefits;
it offers a pathway to a circular economy in construction. By integrating life cycle assessments and environmental
impact analyses, we can better understand the implications of material choices on ecosystems and resource
conservation. In conclusion, this study not only highlights the advantages of geopolymer bricks over traditional
materials but also advocates for a broader adoption of sustainable practices in the construction industry. By leveraging
the unique properties of geopolymers and reducing dependence on conventional cement, we can pave the way for a
more sustainable and resilient built environment. The research findings provide a strong foundation for future
investigations and advancements in geopolymer technology, ultimately fostering a greener and more efficient
construction sector.
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