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Abstract

The building material industry has the largest share in global
environmental emissions. This research investigates the environmental
impact of polymeric concrete compared to conventional concrete in the
construction of a new clinic at Assiut University Hospital in Egypt.
A life cycle assessment (LCA) was conducted from raw material
extraction to production stage (cradle to gate stage) using SimaPro
V9.5 software. All environmental impact has been investigated using
the IMPACT2002+ method using the midpoint and endpoint results.
The LCA results showed that polymeric concrete had a lower
environmental impact than conventional concrete regarding global
warming, acidification, and eutrophication potential. In terms of the
single score outcomes, climate change had a significant impact on both
ordinary and polymer concrete, with the former scoring 0.90 mPt and
the latter recording a much lower 0.14 mPt, indicating a 75% reduction.
Furthermore, when considering the weighting results (midpoint result),
it was found that specific environmental impacts, such as global
warming, respiratory inorganic, and non-renewable energy impacts,
had a more significant effect overall. Specifically, the global warming
potential was found to be 8.95 Kg CO, eq. and 1.38 Kg CO, eq. for
polymer and ordinary concrete, respectively. Lastly, the endpoint result
showed that human health was impacted the most, with a total
reduction of 84.24%. The DALY recorded for ordinary concrete was
3.69E-06, whereas, for polymer concrete, it was 5.8E-07. The findings
of this study suggest that polymeric concrete can be a more sustainable
alternative to conventional concrete for specific applications. One of
the main difficulties faced in applying polymer concrete in the
construction industry is its higher cost compared to conventional
concrete. The production process of polymer concrete requires
specialized equipment and expertise, which can increase the overall
cost of the material. Additionally, the use of polymer concrete may
require changes in construction techniques and design specifications,
which can be challenging for contractors and engineers who are used
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to working with conventional materials. Moreover, the durability and
long-term performance of polymer concrete in certain applications
have not been extensively studied and may require further research and
testing. Finally, the availability of raw materials and the disposal of
waste materials from the production process may also pose challenges
in the widespread adoption of polymer concrete in the construction
industry.

1. Introduction

According to the official statistics [1], Egypt is one of the top 14 cement-producing nations globally,
with an annual production capacity of more than 82 million tons and an average sales volume of over
54 million tons. Huang et al. [2] have examined the environmental consequences of building material
use, as it shown in Fig. 1. The study has shown that building materials, such as cement, steel, and
glass, increased dramatically during this period, significantly increasing environmental impacts such
as greenhouse gas emissions, energy consumption, water consumption, and solid waste generation.
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Fig. 1 Environmental impact indicators associated with the production of building material used [2]

These studies [3]- [5] focus on the use of innovative materials and techniques to enhance the
performance of concrete and reduce its environmental impact. The first study, Manjunatha et al. have
investigated the use of human hair as a fiber to reinforce concrete and reduce the challenges of hair
disposal. The second study, Tangadagi et al. have explored the use of coconut shells as a sustainable
alternative to traditional coarse aggregates in concrete. The third study, Srinath et al. have reviewed
the potential of alccofine, a supplementary cementitious material, to improve the mechanical and
durability properties of concrete. These studies have demonstrated a growing interest in sustainable
and innovative approaches to concrete construction.
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As for the sustainable alternatives, polymer concrete is a composite material from combining polymer
resins and aggregates such as sand, rock, or gravel. It has become increasingly popular in the
construction industry due to its high strength, durability, and resistance to environmental factors such
as corrosion and weathering [6]. However, it has its environmental impact, which can be measured
using the life cycle assessment approach (LCA). The LCA is a tool that evaluates the environmental
impact of a product or service throughout its entire life cycle, from raw material extraction to the
disposal phase [7].1t provides valuable information about environmental impacts, including carbon
footprint, energy consumption, and waste generation [8].

Several studies have been conducted to assess the environmental impact of polymer concrete using

LCA. Studies such as Yang et al. [9], Turner and Collins [10], and Garbacz and Sokotowska [11]

have compared the environmental impact of different types of concrete, including conventional

Portland cement-based concrete and alternative materials such as geopolymer concrete and concrete

with fly ash. The studies have found that alternative materials can significantly reduce the

environmental impact of concrete production and contribute to sustainable development in the
construction industry. Other studies, such as Panesar et al. [8], have investigated the impact of
functional unit selection on the LCA of green concrete. Ferdous et al. [12] have focused on optimizing

the design of epoxy polymer concrete for improved mechanical properties and durability. [13]

Moreover, the articles have highlighted the importance of LCA, as discussed in Chau et al. [14], in

promoting sustainable development in the construction industry. Huntzinger and Eatmon [15] have

compared conventional and alternative technologies for Portland cement manufacturing, while Cao
et al. [16] have discussed the challenges in estimating CO, emissions from cement production in

China. In the following points, from the studies mentioned above, the author has summarized the

main points of the comparison between polymeric and conventional Concrete.

1. Raw Materials: Conventional concrete is made of Portland cement, aggregates, water, and
admixtures, while polymeric concrete is made of polymer resins, aggregates, and sometimes
fillers and additives.

2. Strength and Durability: Polymeric concrete has higher strength and durability than conventional
concrete due to polymer resins and aggregates.

3. Resistance to Environmental Factors: Polymeric concrete is resistant to environmental factors
such as corrosion, weathering, and chemical attack, making it suitable for applications in harsh
environments. Conventional concrete is vulnerable to environmental factors, resulting in cracking
and damage over time.

4. Curing Time: Polymeric concrete has a faster curing time than conventional concrete, reducing
the time required for construction and allowing for quicker project completion. This can result in
cost savings and improved productivity.

5. Cost: Polymeric concrete is generally more expensive than conventional concrete due to the cost
of polymer resins and specialized equipment required for its production and installation.

6. Availability: Polymeric concrete is not widely available compared to conventional concrete,
limiting its use in specific applications. However, the demand for sustainable construction
materials is increasing, which may lead to greater availability of polymeric concrete.

7. Design Flexibility: Conventional concrete has greater design flexibility than polymeric concrete,
making it suitable for applications requiring intricate designs or shapes.

Overall, the articles highlighted the significance of considering the effects of concrete production on

the environment and the possibility of alternative materials and technologies to support sustainable

development in the building sector. The literature review also emphasizes the need for additional
studies to enhance production procedures and raise the reliability of life cycle evaluation techniques.
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As well as there is a need to investigate the environmental impact of polymer concrete made from
alternative sources of aggregates, such as recycled waste materials.

Therefore, this study aims to conduct an LCA of polymer concrete in a specific proposed building,
Assiut University Hospital Clinic (AUHC) in Egypt, to assess the environmental impact of the
polymer concrete as an alternative to conventional concrete to evaluate its potential for enhancing the
material's sustainability. Since choosing the polymer concrete composite falls outside the author's
area of expertise, the paper has utilized the Ecoinvent V3 database embodied in SimaPro V9.5 to
obtain the polymer concrete data. The novelty of this study is the application of LCA on the building
materials using SimaPro as there is a clear shortage of LCA studies in Egypt, also another contribution
is building the life cycle inventory database to be more suitable for future studies. The findings of
this study can provide valuable insights into the environmental impact of polymer concrete in
different applications and contexts and inform the development of sustainable practices in the
construction industry.

2. Literature review

Many researchers have studied alternatives to conventional concrete to improve the environmental
impacts of material manufacturing. One concrete alternative research, Yang et al. [5], have discussed
the potential of alkali-activated concrete as a sustainable alternative to traditional Portland cement-
based concrete. Conventional concrete production significantly contributes to global greenhouse gas
emissions; therefore, finding options to reduce carbon footprint is crucial. The article has found that
alkali-activated concrete has a lower carbon footprint and can reduce CO, emissions by up to 60%
compared to traditional concrete.

Juenger et al. [17] have investigated the role of supplementary cementitious materials (SCMs) in
concrete production. SCMs are materials that are added to concrete in addition to cement to improve
its properties and sustainability. Examples of SCMs include fly ash, slag, silica fume, and metakaolin.
Using SCMs in concrete production can reduce the amount of cement required, reducing the
material's carbon footprint and promoting sustainable construction practices.

Garbacz et al. [11] have presented a comparative study of concrete-like polymer composites with fly
ash. Fly ash is a byproduct of coal combustion and is commonly used as a supplementary cementitious
material in concrete production. The study has found that adding fly ash to polymer composites
improves their mechanical properties, including their compressive and flexural strength.

Aldred et al. [18] have evaluated the potential of geopolymer concrete as an alternative to traditional
Portland cement-based concrete. Geopolymer concrete uses aluminosilicate materials, such as fly ash
and slag, combined with an alkaline activator to produce a binder. The authors have noted that
geopolymer concrete has a lower carbon footprint than traditional concrete due to its use of waste
materials and the lower amount of CO, it emitted during production.

Salas et al. [19] have evaluated the environmental impact of geopolymer concrete using LCA. The
study has found that using geopolymer concrete can reduce greenhouse gas emissions, energy
consumption, and waste generation in the construction industry.

Gursel et al. [7] have explored the potential of rice husk ash (RHA) as a sustainable alternative
material in concrete production. The study found that using RHA reduced the carbon footprint of
concrete production and had a lower environmental impact in all life cycle stages, from raw material
acquisition to end-of-life disposal. The study has concluded that RHA can be a sustainable alternative
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material in concrete production, and its use can reduce the construction industry's environmental
impact.

Duxson et al. [21] have revealed the potential of inorganic polymer technology to develop 'green
concrete.' The production of traditional Portland cement-based concrete is associated with significant
carbon emissions; therefore, finding alternatives to reduce carbon footprint is necessary. Inorganic
polymer technology is a sustainable alternative to traditional cement-based concrete.

Crossin [22] has investigated the use of ground granulated blast furnace slag (GGBFS) as a cement
substitute in concrete production and its potential to reduce greenhouse gas (GHG) emissions. The
study has found that the production of GGBFS generates significantly lower GHG emissions than
Portland cement, primarily due to reduced energy consumption and lower carbon content.
Manjunatha et al. [23] have presents a life cycle assessment (LCA) of concrete prepared with
sustainable cement-based materials. The study has evaluated the environmental impact of
the concrete production process and its potential to reduce carbon emissions. While Manjunatha et
al. [24] have investigated the engineering properties and environmental impact assessment of green
concrete prepared with PVVC waste powder. The study has evaluated the mechanical and durability
properties of concrete and its potential to reduce plastic waste while also being a sustainable building
material.

On the other hand, the literature review has revealed the importance of LCA application to assess the
environmental impacts of alternative materials. Asadollahfardi et al. [13] have presented an
environmental LCA of concrete with different mixed designs. The study has evaluated the
environmental impact of concrete production using different mix designs, including traditional
Portland cement-based concrete, high-performance concrete, and concrete with SCMs such as fly ash
and slag. The study has found that using SCMs in concrete production can significantly reduce its
environmental impact, particularly regarding greenhouse gas emissions.

Chau et al. [14] have provided a comprehensive overview of LCA methods and their applications to
the building industry. The study has discussed the importance of LCA in promoting sustainable
development in the construction industry and highlights the need for further research to optimize the
assessment methods.

Cao et al. [16] have examined the challenges in estimating CO, emissions from cement production in
China. The authors conclude that accurate estimation of CO, emissions from cement production are
crucial for developing effective climate change policies and promoting sustainable development in
the construction industry. Also, Chen et al. [25] have examined the environmental impact of cement
production in China. The study has found that cement production is a significant source of air
pollution in China, contributing to high levels of particulate matter, sulfur dioxide, and nitrogen oxide
emissions. Huntzinger et al. [15] have compared the traditional process of Portland cement
manufacturing with alternative technologies and evaluated their environmental impact using LCA.
The authors conclude that using alternative technologies can contribute to sustainable development
in the construction industry.

Conducting an LCA of polymer concrete can provide several benefits, such as identifying areas for
improvement, improving the design and manufacturing of the material, and providing valuable
information to stakeholders. Therefore, the novelty of this paper is applying the LCA and conducting
this approach on the polymer concrete to achieve a more sustainable future in one of the buildings in
Assiut, Egypt, to suggest an alternative to ordinary concrete.
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3. Methods and tools

The LCA of polymer concrete as a substitute material for conventional concrete has been examined.
The dataset for building construction quantities will be collected using BIM. This paper will focus on
the cradle to gate scope of the polymer and conventional manufacturing process as an LCA system
boundary, as one of ISO standards steps of LCA application. As the main aim of this study to compare
between both concrete types, only raw material extraction to production concrete stage will be
included, all upcoming stages are not subject to evaluation. The proposed building in Assiut, Egypt,
will undergo LCA and BIM analyses in this study.

3.1. Building information modelling

LCA is atechnique that enables estimating energy consumption and environmental emissions, which
can be computed using an LCA tool [26]. Building Information Modeling (BIM) is the most efficient
approach for obtaining construction quantities, making the process more straightforward. The
combination of LCA with BIM can significantly evaluate the environmental costs of material
manufacturing, as demonstrated in prior research by Senem Seyis and Shu Su et al. [27], [28], which
have been summarized. This comprehensive approach will be employed in this study, where LCA
will analyze the environmental impacts of different scenarios, and BIM will provide information on
the building materials for LCA input. Autodesk Revit is the most frequently used BIM software, and
the 2020 student-licensed version will be utilized in this study, as shown in Fig. 2.

REBEceH G- v Q@ B AOA G- DGR 5 Autodesk Revt 20202 - STUDENT VERSION - Case Study - Fioor Plan: 01 Ground Flcor  « i} @ ahmaiineow- T2 @ -

EEZ Achtecture  Structure  Steel  Systems  Inset  Annot

oQE®E @ [ e

Wall Docr W

-8 X

e Massing&Site  Collaborste  View  Manage  Add-ins  Lumion®  Modfy (-
5 Reiling + /£ Model Text (8 Reo B Aces - @ al
1 a,

(X3

w Component  (

M © © © 0 (o]
L ] Fioor pan A | I T
. . i i
O i A%,
Floor Plan; 01 Geoun | £ Edit Type o 1 T
Graphics 2 A i |
View Scale i e
vt |
Display Mode!  Normal Al .
Medium i [-
ity | Show Both O -9 R |
y/Grap.. Eda ' ¥
Graphic Drspl. Ede
Onentation  Project North (m3 - 1 Y
Discipine | Architectural B B
Show Hidden ... By Discipline : S !
Color Scheme... Background ot—i- =
Color Scheme Name 1 R 3 |
System Color Ede | ! LB Y
Default Analy... Nooe 1= L -
Sun Path ] 1! !
Underlay 2 [ 5 M f
Range: Base L. 00 Road Level | - - L i 1
Range Top Le... 01 Ground Floor &b L A 1 4!
© © QO © P 5] o] ; o
Underlay Orie... Lock down Y [ Schedules/Quantities (all
) s
Extents 2. A
—= PN v Analytical Spaces v
""" 110 B MEaD o Mld < > < >
Click 10 select, TAB for ahternates, CTRL adds, SHIFT unselects. (5} 2 A P AR N OF

Fig. 2 Modelling the case study on Autodesk Revit

3.2. Life Cycle Assessment approach
The International Standards Organization (1SO) is the widely recognized principles body, offering
numerous parts, as illustrated in Fig. 3.

e [SO 14040: Principles and framework [29].

e [SO 14041: Goal definition and inventory analysis [30]

e [SO 14042: Life-cycle impact assessment [31].

e [SO 14043: Life-cycle interpretation [32].
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Fig. 3 Life-cycle assessment framework [33]
After conducting a comprehensive comparison, Ali et al. [28] and Al-Ghamdi [29] reported. It was
concluded that the most widely used LCA tool is PRe SimaPro. Therefore, all open-license Ecoinvent
databases were employed with the PRe SimaPro V9.5 academic license.

4. Case study

In this section, the study will use the AUHC as a case study to analyze its environmental impact and
energy usage. The aim is to determine the necessary building materials used during construction that
significantly impact the environment. Additionally, the study will suggest using LCA and BIM
approaches for future research and projects. The proposed AUHC project will be built within the
Assiut Hospital University (AUH) campus, and its location is shown in Fig. 4, which also presents
the Assiut University campus.

- 4 Ass‘iul \.
YA

Fig. 4 Assiut University Campus Location

The BIM model defines the project's geographical location by specifying the internet mapping
service. Fig. 5 displays a sample of BIM model drawings.
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5. Life Cycle Assessment Application

In this section, the LCA parts based on the 1SO standards will be discussed, which are, (1) Goal and
Scope Definition, (2) Life Cycle Inventory (LCI), (3) Life Cycle Impact Assessment (LCIA), and (4)
Interpretation step.

5.1. Goal and scope definition

Panesar et al. [8] have examined the impact of selecting different functional units on the LCA of
green concrete. Functional units are the quantified description of the function of a product or service
and are used as a basis for comparison when conducting an LCA. The study has revealed that the
selection of functional units significantly affects the LCA results of green concrete. The study has
highlighted that choosing functional units should be carefully considered when conducting an LCA
of green concrete to ensure that the assessment accurately reflects the product's environmental impact.
Therefore, the functional unit of this study is (1 kg) for the polymer and conventional concrete from
c to gate, as shown in Fig. 6.
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Fig. 6 System boundary of LCA application in this study

This study will assess the environmental impacts of polymers and conventional concrete. The two
concrete types have been constructed in SimaPro. Then, the network flows of the two concrete types'
manufacturing process have been built in SimaPro, as shown in Fig. 7
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5.2. Life

cycle inventory

The previous section has outlined the LCA approach’s initial phase (based on ISO 14041). The Revit
program determines the quantities of building materials, as indicated in Table 1.
Table 1 Bill of quantities extracted from the BIM model.

Name Area (m?) Volume (m?®)
Brick 861 164.16
Concrete 4382 0.88

Steel 17.00

Mortar 3089 29.70

Tiles 1556 62.29

Glass 132 0.41

Plaster 3358 32.31
Wood/Aluminum openings 88 1.20

This study has relied on a few hypotheses from the literature review to fill in the data shortage for the
input materials because there are few LCA applications and LCI in Egypt. Rocamora et al. [34]
compared many LCA applications of construction materials. The database version used for this
investigation is Ecoinvent V3 [35]. The Ecoinvent (SimaPro-based) database's global market and
concrete-related sectors were specifically picked to be more compatible with Egyptian production

methods.

5.3. Life

cycle impact assessment

Based on the ISO standard, it differentiates the environmental impacts between the two concrete
types. This paper will calculate the environmental effects using the midpoint and endpoint methods.
This study will use the IMPACT 2002+ method, as listed in Table 2 to investigate the environmental
effects based on the literature review [36]- [39].

Table 2 IMPACT 2002+ characterization version Q2.2 [40]

[Source] Midpoint category Midpoint reference substance Damage category Damage Normalized
(end-Point) unit damage unit
[a] Human toxicity kg Chloroethylene into air-eq Human health DALY Point
(carcinogens + non-carcinogens)
[b] Respiratory (inorganics) kg PM2.5 into air-eq Human health
[b] Ionizing radiations Bq Carbon-14 into air-eq Human health
[b] Ozone layer depletion kg CFC-11 into air-eq Human health
[b] Photochemical oxidation kg Ethylene into air-eq Human health
(= Respiratory (organics) for Ecosystem quality n/a n/a
human health)
[a] Aquatic ecotoxicity kg Triethylene glycol into water-eq  Ecosystem quality PDF-m’y Point
[a] Terrestrial ecotoxicity kg Triethylene glycol into soil-eq Ecosystem quality
[b] Terrestrial acidification/ kg SO; into air-eq Ecosystem quality
nutrification
[c] Aquatic acidification kg SO, into air-eq Ecosystem quality
[c] Aquatic eutrophication kg PO%;- into water -eq Ecosystem quality
[b] Land occupation m2 Organic arable land-eq - y Ecosystem quality
Water turbines Inventory in m® Ecosystem quality
[IPCC] Global warming kg CO; into air-eq Climate change (life kg CO, into  Point
support system) air-eq
[d] Non-renewable energy MJ or kg Crude oil-Eq (860 kg/m®)  Resources MJ Point
[b] Mineral extraction MJ or kg Iron-eq (in ore) Resources
Water withdrawal Inventory in m® n/a
Water consumption Inventory in m® Human health

Ecosystem quality
Resources

[a] IMPACT 2002, [b] Eco-indicator 99, [c] CML 2002, [d] Ecoinvent, [IPCC] (IPCC ARS Report), and [USEPA] (EPA)
daly disability-adjusted life years, PDF potentially disappeared fraction of species, -eq equivalents, y year
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6. Result and discussion

This section will present the LCA results using a single score and weighting per impact category.
6.1. Single score per material

The next Fig. 8 presents the single score results by midpoint approach of IMPACT2002+
methodology by points (Pt). Ordinary cement has recorded the highest adverse environmental
impacts (1.75 Pt). However, the polymer concrete recorded (0.27 Pt) a reduction of 84.57% of the
destructive effect.
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Fig. 8 Single Score results per environmental impact type with midpoint method

Fig. 9 highlights the single Score results per material type with endpoint method by points (mPt).
Climate change has pointed to 0.90 mPt for ordinary concrete; however, the polymer concrete of
0.14 mPt with a 75% reduction, which is the most crucial factor affecting the cement industry
consistent with Smith [41]. The second environmental impact is the human health effects, with 0.52
mPt for ordinary concrete and 0.08 mPt for polymer concrete, with 84.60% reduction. The third
adverse impact is the effects of the resources, with 0.24 mPt for conventional concrete and 0.04 mPt
for polymer concrete, with 83.33% reduction. The ecosystem quality has a negligible impact,
corresponding to Shi et al. [42].
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Fig. 9 Single Score results per material type with endpoint method
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6.2. Weighting per environment impact category

Fig. 10 presents the weighting results; the global warming, respiratory inorganic, and non-renewable
energy impacts have recorded the highest environmental impacts, consistent with ASEC [43]. (1) The
global warming potential was recorded at 8.95 Kg €O, eq. and 1.38 Kg CO, eq. For polymer and
ordinary concrete, respectively. Due to the production of Portland cement, the main component of
conventional concrete is a significant source of greenhouse gas emissions, based on Marceau et
al. [44]. However, the production of polymer resins used in the production of polymeric concrete
significantly impacts the material's environmental performance, consistent with Alhazmi et al. [45].
(2) The respiratory inorganic has 0.004 Kg PM, s eq and 0.0007 Kg PM, 5 eq for polymer and
ordinary concrete, respectively. (3) The non-renewable energy reached 36.77 M] primary and
5.84 M] primary for polymer and ordinary concrete respectively.
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Fig. 10 Weighting results per environmental impact type with midpoint method
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Fig. 11 Weighting results per impact type with endpoint method

Some LCIA techniques have embraced Disability Adjusted Life Years (DALY) as a measure of
human health environmental impact to incorporate varied-points into linked to damages to human
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health, as it is mentioned by Dastjerdi et al., Li et al., Shi et al. and Hu et al. [46]— [49]. As a result of
the following Fig. 11, the human health recorded 3.69E-06 DALY for ordinary concrete and 5.8E-07
DALY, with a total reduction of 84.24%.

7. Conclusions

One of the main benefits of conducting an LCA of polymer concrete is the ability to identify
environmental hotspots. These are areas of the life cycle where the material significantly impacts the
environment. For example, producing polymer resins requires significant energy and generates
greenhouse gas emissions. By identifying these hotspots, manufacturers of polymer concrete can
focus on reducing their environmental impact and improving their sustainability. Polymeric concrete
and conventional concrete production have different environmental impacts. Here is a conclusion and
comparison of the environmental effects of the two materials based on the article's findings:

1. Carbon Footprint: The production of Portland cement, the main component of conventional
concrete, is a significant source of greenhouse gas emissions, as it is mentioned by Marceau et
al. [44]. Polymeric concrete has a lower carbon footprint than conventional concrete due to
recycled aggregates and a longer curing time.

2. Energy Consumption: Polymeric concrete has lower energy consumption than conventional
concrete due to the lower curing time and the use of recycled aggregates, as reported by Alhazmi
et al. [45].

3. Waste Generation: Polymeric concrete production generates less waste than conventional
concrete production due to recycled aggregates and cement's absence, as documented by Alhazmi
etal. [45].

4. Water Consumption: Polymeric concrete production generally requires less water than
conventional concrete production. It is due to the lower curing time and the absence of cement,
which reduces the need for water in production.

5. Environmental Toxicity: The production of conventional concrete can result in the release of
pollutants such as sulfur dioxide, nitrogen oxides, and particulate matter, which can have harmful
effects on human health and the environment, as it is mentioned by Turner et al., Cao et al. and
Chau et al. [10], [14], [16]. Polymeric concrete production, on the other hand, does not result in
the release of these pollutants. However, the production of polymer resins used in concrete
polymeric output can have environmental toxicity concerns due to the use of petrochemicals
based on Salas et al. [19]

Overall, this article has revealed that polymeric concrete production has lower environmental impacts

than conventional concrete production. Using recycled materials in polymeric concrete production

can reduce its environmental impact and promote using more sustainable materials in the construction
industry.

8. Limitation and recommendation

While the present study provides valuable insights into the environmental impact of polymeric
concrete and its potential as a sustainable alternative to conventional concrete, several limitations
should be considered. First, the study was conducted from a cradle-to-gate perspective, which means
that the environmental impact of the use phase of the materials was not considered. Future studies
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should consider the use phase of the material to provide a more comprehensive assessment of its
overall environmental impact.
Second, the study focused on comparing polymeric concrete to conventional concrete and did not
consider other alternative materials that may have lower environmental impacts. Future studies
should compare polymeric concrete to other alternative materials, such as geopolymer concrete, to
identify the most sustainable option for construction applications.
Third, the study did not consider the economic or social impacts of using polymeric concrete
compared to conventional concrete. Future studies should consider the economic and social factors
associated with using polymeric concrete to assess its sustainability comprehensively.
Based on the findings of this study, the author recommends the following actions to enhance the
sustainability of polymeric concrete in the construction industry:
1. Promote using recycled aggregates in producing polymeric concrete to reduce its
environmental impact.
2. Further research should be conducted to develop more sustainable production methods for
polymer resins used in the production of polymeric concrete.
3. Develop guidelines and standards for using polymeric concrete in construction to ensure its
proper application and reduce the risk of adverse environmental impacts.
4. Conduct further research to assess the use phase of polymeric concrete and its overall
environmental impact over the entire life cycle.
5. Compare polymeric concrete to other alternative materials, including geopolymer concrete,
to identify the most sustainable option for construction applications.
6. Consider the economic and social factors associated with using polymeric concrete to assess
its sustainability comprehensively.
Overall, while polymeric concrete has the potential to be a sustainable alternative to conventional
concrete in the construction industry, further research and development are needed to enhance its
sustainability and reduce its environmental impact. The findings of this study can inform future
research and development efforts and promote the use of more sustainable materials in the
construction industry.
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