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Review of the hemp-based brick that purifies air pollution, reduces humidity and is a thermal
insulator: An innovative solution to reduce environmental pollution in the construction industry
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the bibliographic review research analyzes the use and application of the hemp-based brick with
the support of the Scopus database and the VOSviewer software as data analytics, the
characteristics of the brick were taken into account as well As an air pollution purifier, humidity

January 20, 2023 reduction and thermal insulation, graphs related to these characteristics were obtained,
Keywords: highlighting the words with the highest frequency in the research, countries that published and
Hemp-based brick bibliometric maps worldwide. The results help us determine that there is an application of this
Humidity reduction brick in countries with the greatest needs and growth and also in potential countries, however
Pollution purifier we believe that in Peru there is no analysis or interest in this brick. This hemp-based brick has
Thermal insulation positive advantages for the environment and is potentially ecological from the beginning of

Carbon dioxide obtaining the materials, used in the construction of houses and then as waste, in these three

phases it contributes to the environment. The purpose of the research is to be the beginning for
future investments and research related to the hemp-based brick applied in the construction
industry and the other objective is to motivate professionals to use and apply this brick that will
have benefits for the environment.

© 2023 Growing Science Ltd. All rights reserved.

1. Introduction

Global air pollution both indoors and outdoors generates four million deaths each year (Khadak et al, 2018) harming the
health of the population, the construction sector worldwide involves the use of large amounts of resources and energy,
likewise this sector emits a third of greenhouse gas emissions (Soulios et al., 2021) generating a great environmental impact
that increases the existing gases and harmful to the air, this due to the consumption of energy and materials that are required
for the construction of buildings, homes, houses and large-scale works (Di et al., 2021).

Construction in other countries such as India is experiencing great growth due to the increase in buildings, which increased
the use of materials and illegal mining to obtain these materials such as brick, cement and sand (Rautray et al, 2019), which
generates a problem since in this country there are deaths due to greenhouse gas emissions (Seay et al., 2021), likewise in
the United States 1000 Americans die annually caused by extreme heat (Kandya & Mohan, 2018).

* Corresponding author.
E-mail address: 71571641 @continental.edu.pe (J.E. Canchari Ramon)

© 2023 by the authors; licensee Growing Science, Canada.
doi: 10.5267/j.jpm.2023.1.001
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Brick production kilns emit pollutants such as carbon monoxide (CO), sulfur dioxide (SO2) and nitrous oxides (NOx)
(Hussain et al., 2022), with 9% of these emissions being emitted in India (Rautray et al.; 2019). Likewise, in Asia, kilns
emit sulfur dioxide (SO2) and among others, these pollutants are emitted into the air, harming people's health and affecting
the temperature of the Arctic (Brannon, 2021), therefore the growth of brick production of clay grows by 6.6% by 2030
increasing the negative impact for the air and health of the population (Brannon, 2021).

Environmentally friendly materials are the effective solution worldwide (Di et al., 2021), since they respect the environment
and generate a micro climate in buildings to reduce energy consumption (Soulios et al., 2021), This is why technologies
and innovation are looking for new solutions (Donatelli et al., 2017) such as brick that works as a heat insulator and purifies
air pollution, thermal insulation through walls that inhibit heat continues to be a solution for many diseases caused by heat
(Zach et al., 2012), at the same time this brick is considered the best option for thermal insulation (Zach et al., 2012). This
brick is made possible with the application of hemp that is used in the construction industry (Donatelli et al., 2017) with the
application of other essentials such as lime (Abdellatef, 2020) but its use in the construction field is still low (Abdellatef,
2020), but in order to obtain an efficient and effective brick for environmental problems.

For the aforementioned, a bibliographic analysis was carried out together with the VOSviewer software for a global
analysis. The results obtained provide us with the following sub-items.

2. Materials and methods

A bibliographic review analysis provides greater stability to a scientific publication to support a scientific basis, the subject
of this article is identified in an ecological brick that purifies pollution, reduces humidity and thermal insulation made from
hemp, being a solution for cities with high environmental impact. For the elaboration, the scientific tool offered by Scopus
was used.

First, the analysis provided by Scopus was used, which provided us with tables to make decisions regarding the subject and
provide stratified bibliographic support based on the ecological brick that purifies air pollution, reduces humidity and
thermal insulation made based on hemp.

Second, an analysis of the bibliometric map of scientific contribution was used with the VOSviewer software, which allows
us to show maps in different ways with a minimum number of 100 elements to analyze (van Eck & Waltman, 2010), it also
has the purpose of labeling words. of greater frequency used in the articles and with the purpose of being visible the nodes
that are shown in the graphs (Ding Ying et al., 2014). For this, the Scopus data was obtained in formats (.csv) that were
obtained from the beginning of the investigation until December 2022. The criteria analyzed were as follows:

e First, the data was obtained from 2004 to the year 2022, with the following research words “brick” made from
“hemp” identified in articles, papers related to the subject and civil engineering and materials science magazines,
which documents were detected in various countries.

e Second, the data was obtained from 1990 to the year 2022, with the following research words "brick" that “reduces”
“humidity” identified in articles, papers related to the subject and civil engineering and materials science
magazines, which documents were detected in various countries.

e  Third, the data was obtained from 2007 to the year 2022, with the following research words “purifies” the
“pollution” of the “air” identified in articles, papers related to the subject and civil engineering and materials
science magazines, the which documents were detected in various countries.

e Fourth, the data was obtained from 2010 to 2022, with the following research words "hemp" the "thermal" of the
"insulating" and "Brick" identified in articles, papers related to the subject and civil engineering and environmental
sciences magazines. materials, which documents were detected in various countries.

Figures 1, 3, 5, 7 and graphs 2, 4, 6, 8 were obtained with the data obtained from the previous points. These analyzes are
the result of analyzing with the VOSviewer software and obtaining the relationship between each word and the great
interaction between them.

3. Results

3.1 Biometric analysis of the brick made from hemp

Since 2004, investigations related to the subject of hemp-based brick manufacturing can be found in Fig. 1, we can see that
the investigations are minimal at the beginning and with 13 related documents in the year 2022, this being the highest in all
of them. the years, in addition, 67 related documents were found up to the present.
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Fig. 1. Analysis and evolution of the words “brick” and Fig. 2. Countries that published related to the words
“hemp” Source: Scopus scientific review “brick” and “hemp” Source: Scopus scientific review

Documents

The interaction in the countries was found in 10 countries where it is shown in Fig. 2, where it is observed that there are
countries such as Italy and France with more than 14 investigations carried out and secondly, we have Canada, the United
Kingdom and India with more than 4 documents carried out. which are found in continents such as Europe, America and
Asia as the main impactors of the research topic. The data mining analysis obtained through the VOSviewer software with
the data obtained from Scopus, where the most related words were found, which are: Hemp, environmental impact and
sustainable development, which gives us greater coherence to investigate each of the documents. , in addition, there is the
colorimetry with respect to the century of growth from the year 2016 to the year 2022 as observed in Graph 1.
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Graphic 1. Map of the analysis of words "brick" and "Hemp" with the highest interaction. Source: Obtained from
VOSviewer.

3.2 Biometric analysis of brick that reduces humidity

Since 1990, you can find research related to the topic of brick that reduces humidity, in Fig. 3 we can see that the research
is minimal at the beginning and for the year 2014 and 2017, 3 related documents were obtained for each year and for the
2022, 2 documents were obtained, in addition, 20 related documents were found to date.
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“humidity” Source: Scopus scientific review. “brick”, “reduces” and “humidity” Source: Scopus scien-
tific review.
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The interaction in the countries was found in 10 countries where it is shown in Fig. 4, where it is observed that there are
countries such as France, China, Egypt and others with more than 2 investigations carried out which are found in continents
such as Europe, America, Asia and Africa as the main impactors of the research topic. The analysis of the data mining
obtained through the VOSviewer software with the data obtained from Scopus, where the most related words were found,
which are: Moisture, humidity control, brick which gives us greater coherence to investigate each of the documents, In
addition, the colorimetry is available with respect to the century of growth from the year 2005 to the year 2020, as can be
seen in Graph 2.
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Graphic 2. Map of the analysis of words “brick”, “reduces” and “moisture” with the highest interaction. Source:
Obtained from VOSviewer.

3.3 Biometric analysis of the brick that purifies air pollution

Since 2007, investigations related to the topic of brick that reduces air pollution can be found in Fig. 5, we can see that the
investigations are minimal at the beginning and with 3 related documents in 2017 and 2020, these being the highest in every
year, in addition, 11 related documents were found up to the present.
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Fig. 5. Analysis and evolution of the words “brick”, “re- Fig. 6. Countries that published related to the words

duces”, “air” and “pollution”. Source: Scopus scientific  “brick”, “reduces”, “air” and “pollution”. Source: Scopus
review. scientific review.

The interaction in the countries was found in 8 countries where it is shown in Fig. 6, where it is observed that there are
countries such as India with 6 related investigations, secondly, we have countries such as the United States, Canada, Italy
with more than 2 investigations carried out which are They are found in continents such as America and Asia as the main
impactors of the research topic.

The data mining analysis obtained through the VOSviewer software with the data obtained from Scopus, where the most
related words were found, which are: Air pollution, brick, greenhouse gases, which gives us greater coherence to investigate
each of the documents. In addition, there is the colorimetry with respect to the century of growth from the year 2010 to the
year 2020 as shown in Graph 3.
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4. Biometric analysis of the brick that serves as thermal insulation of hemp

Since 2012, research related to the topic of hemp thermal insulating brick can be found in Fig. 7, we can see that the research
is minimal at the beginning and with one document remaining until the year 2021, in addition, 5 related documents were

found to date.
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Fig. 7. Analysis and evolution of the words “hemp”, “ther-
mal”, “insulating” and “brick” Source: Scopus scientific
review.
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Fig. 8. Countries that published related to the words
“hemp”, “thermal”, “insulating” and “brick”. Source: Sco-

pus scientific review.

The interaction in the countries was found in 6 countries where it is shown in Fig. 8, where it is observed that there are
countries such as Canada, Egypt and among others with an investigation. The analysis of the data mining obtained through
the VOSviewer software with the data obtained from Scopus, where the most related words were found, which are: Hemp,
building materials, insulation materials, thermal cnductivity, which gives us greater coherence to investigate each one of
the documents, also has the colorimetry with respect to the century of growth from the year 2012 to the year 2022 as

observed in Graph 4.
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4.1 Hemp based brick

Hemp is a very strong plant that even in times of the 20th century or in the midst of a drought did not stop growing and
producing (Di et al., 2021), with rapid growth and has positive advantages with environmental impact from its planting
process. yaqué manages to suck 15 tons of CO2 in this process in a space of one hectare of crops (Adam et al.; 2021) and
thus the plant retains carbon within its filaments (Di et al., 2021), likewise hemp it can grow even without water (Sara-
vanakumar et al., 2021), in addition, hemp has the facility to adapt to different climates for its sowing process (Di et al.,
2021) and finally it does not require sun to grow, however it absorbs all the nutrients from the soil and grows from 2 to 4
m tall in an average growth period of 100 days (Saravanakumar et al., 2021), becoming the best option to be part of con-
struction materials. In an applied survey, they showed that the population is more interested in the comfort and ease that
the home provides and does not show interest in thermal or ecological insulation walls (Griffiths & Goodhew, 2015), which
implies that there is no interest in these benefits of the walls, however the hemp-based brick is the best solution in environ-
mentally sustainable construction materials. The hemp-based brick does not suffer alterations over time, the color, shape,
weight and putrefaction are maintained (Donatelli et al., 2017), being effective in providing the quality and durability of
the brick in order to compete with other substitutes for construction.

4.2 Brick manufacturing process

The materials for the manufacturing process are hemp fibers, hydrated lime, sodium hydroxide (NaOH) (Adam et al., 2021),
sodium silicate, binder, fine stone ground and water (Rautray et al., 2019), likewise adding calcium hydroxide as an additive
to the hemp brick will improve resistance to mold, durability, propagate pests and high-water permeability (Komisarczyk
et al., 2019), these materials must be present in 5% of each one, in order to reduce the porosity of the brick (Komisarczyk
et al., 2019). The hemp fiber must receive a treatment based on sodium hydroxide to improve the resistance of the brick
(Adam et al., 2021), the properties of this hemp allow the filling walls to be shaped by the function of lime (Abdellatef,
2020), this brick is a good option to be an effective wall filling and turning it into an ecological element of the construction.
The production process consists of the union of the materials until a stable homogeneity is obtained, in which this mixture
is united in molds and they are air-dried and the drying time is approximately one month (Rautray et al., 2019), The final
process of this brick consists of a compaction of 100 Mpa, achieving rigidity and resistance to reduce humidity for greater
absorption (Bruno et al., 2017). The figure shows the benefits of brick which are:

Strong, Lightweight
& Breathable

Hemp
+Lime, Energy
+ Water Efficient
Incredible
Insulation

Naturally
Non-Toxic

Grown from seed
an roduced i v
and produced in Lasts 100's

3-4 months Flame, Water of Years
& Pest Resistant

In addition, the use of basalt and barytes can be added, however, these must meet requirements that give the confidence of
being effective for a construction material, thus providing the benefit to the brick to make it effective and resistant in water
absorption, being the range of 1900 - 2400 kg/m3 (Komisarczyk et al., 2019), being efficient in reducing humidity, finally,
the brick comes out with a lime coating that means calcination, making the brick more resistant. (Rautray et al., 2019).

4.3 Brick environmental impact

The increase in carbon dioxide (CO2) in the industrial era generates an increase in the temperature of the planet earth by
2°C to 6°C, being industries, buildings, automobiles and the felling of trees that harm air quality caused even premature
deaths (Rautray et al., 2019), which is why planting hemp is beneficial to the environment since it reduces carbon dioxide
in its growth process (Griffiths & Goodhew, 2015). The use of heating and cooling in industrialized cities increases fre-
quently and consumption in each home is gradual, for this reason the use of hemp in construction materials is a solution to
mitigate these problems by improving and respecting the environment (Moussa et al., 2018). The hemp brick has a carbon-
ation process that is achieved together with the lime allowing it to absorb carbon dioxide from the air, in an investigation it
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was shown that for each m2 of wall built with the hemp brick it can reduce up to 13 kg of carbon dioxide. carbon (Griffiths
& Goodhew; 2015), likewise in another study it was shown that for each m2 it is reduced up to 44 kg (Di et al., 2021) with
the addition of some additives. Hemp-based bricks are determined as a porous, heterogeneous and anisotropic material
(Soulios et al., 2021), which has the purpose of storing heat and humidity favoring the release and not allowing humidity to
enter the rooms, over time the brick improves the thermal efficiencies of brick considering that it also has expiration time
(Benmahiddine et al., 2021).

4.4 Air pollution reduction

The absorption of carbon dioxide CO2 by the hemp-based brick with lime allows it to be more effective in absorption,
demonstrating in the construction of a building (Di et al., 2021), since these bricks not only exist to be walls but also as
carbon sinks, with the carbonation process that allows the release of carbon dioxide CO2 (Rautray et al., 2019). This is how
the carbonation process is an effective solution to reduce air pollution, being a good construction material since it retains
carbon dioxide (CO2) (Rautray et al., 2019) and this, at the same time, is an entry barrier. of CO2 to the houses, with this it
is possible to obtain a stable acoustic level, providing greater comfort within the home (Saravanakumar et al., 2021).

Ca(OH),) + CO,y) = CaCOy, + H,Oy

Graphic 5. Chemical formula of carbonation.
Note. The graph represents the CO2 carbonation process. Taken from Bio-Brick - Development of Sustainable and Cost Effective Building Material. (p.
3178), by Rautray et al, 2019. In the chemical formula, it can be seen that through carbonation, calcium hydroxide (Ca(OH)2) sucks carbon dioxide (CO2)
and calcium bicarbonate (CaCO3) is obtained plus water, which the water evaporates (Rautray et al. al.; 2019).

The main function of using hemp for the brick is that it fulfills the function of purifying carbon from the air in order to
absorb and store these gases (Saravanakumar et al., 2021).

CO2 ( biogenic uptake CO2 Carbonation , CO2

—\

Hempcrete

— blocks — \\ﬂ/
production -
hemp production hempcrete wall

Graph 6. Graphic carbonation process.
Note. The graph represents how both the plant and the brick comply with the CO2 purification process. Taken from Bio-Brick - Development of Sustainable
and Cost Effective Building Material. (p. 3176), by Rautray et al, 2019.

The hemp-based bricks were applied to small houses, with the result that they can capture up to 322.2 g of carbon dioxide
per m2 of construction, which is recommended for low-cost or small houses. (Rautray et al., 2019)

4.5 Heat insulation and humidity reduction

The construction sector generates 2 to 3 million construction waste worldwide each year, for which the hemp-based brick
is the best option to mitigate this problem (Saravanakumar et al., 2021) since at the end of the time, the life of the brick
will serve as a fertilizer for the crops, that is, the construction waste will be reused. In addition, according to the increase
in the temperature of the planet, the use of this type of barriers is necessary due to the increase in heat, becoming more
efficient in use and application (Saravanakumar et al., 2021). Hemp is used at home in different functions, however now it
needs to be applied in the construction industry to convert it into biodegradable materials (Saravanakumar et al., 2021). In
cities with hot climates and close to the sea, humidity is generated and this generates deterioration to the structures in its
different forms since humidity affects both the liquid, solid and gaseous state, harming everything that is inside the home
(Novak, 2018 ), this is how the hemp brick chemically treated with salicylic acid provides durability to the hemp fiber and
allows it to be more effective in absorbing moisture (Donatelli et al., 2017). This combination was born thanks to a mason
who experimented with this material with different sources such as lime, aggregates, cement and among others, which he
used to correct deterioration in houses and achieve the resistance and efficiency he was looking for (Di et al., 2021). This
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mixture is the hemp fiber with the lime which turns out to be efficient to form a thermal conductivity and to reduce the
internal humidity of the houses (Griffiths & Goodhew, 2015) that acts as a humidity diffuser (Balksten, 2021), in addition,
this allows it to be breathable so that the vapor will pass through the entire wall and thanks to the properties of the lime the
salt ions will crystallize and come out around the brick (Gupta et al., 2014), that is, it will be absorbed and dried (Griffiths
& Goodhew, 2015), likewise the lime in the brick allows CO2 to be absorbed from the air for an approximate time of the
life cycle of the brick in an average of 249 kilos of CO2 in a period of 100 years. In a coating experiment in a church, hemp
was applied with which it turned out that it does not contain salts on the outside. (Balksten, 2021).

IS The bio-brick

The bio-brick insulate -% maintains humidity

home from external heat \ e '/KI ‘

Graph 7. Benefits of hemp-based brick in low-cost homes.

Note. The graph can show the benefits of this brick such as maintaining a stable internal humidity and a stable internal temperature. Taken from Bio-Brick
- Development of Sustainable and Cost Effective Building Material. (p. 3178), by Rautray et al, 2019.

The advantages of this consequence are energy savings because a stable temperature is maintained and being a barrier
against extreme heat (Saravanakumar et al., 2021) which allows savings in electric heaters, contributing to reduce air pol-
Iution (Griffiths & Goodhew; 2015).

5. Discussion

Research of this type allows us to generate starting points for good investments in research with bases and recommended
sources, likewise it allows us to contribute to the community of interest in sustainable and intelligent materials in Peru. In
this bibliographic review analysis with the support of the VOSviewer tool, it was possible to investigate the following
connotations, firstly the relationship between the words “brick” and “Hemp” with a result of 67 investigations and present
since 2016, secondly the relationship between the words “brick” and “humidity” with a result of 20 investigations and

CEINY3

present since 2005, thirdly the relationship between the words “brick”, “reduces”, “air” and “pollution” that resulted in 11
investigations and was present since 2010 and finally the relationship between the words “hemp”, “thermal”, “insulating”
and “brick” with a result of 5 investigations and that was present from 2012 to the present, all of them present in different

countries and more where the use and application of the brick is necessary, however, no research from Peru.

Innovation in construction materials has a greater weight in interest in the impact on the environment from the beginning
of its manufacture, its use and until its final process or that it meets its life limit (Moussa et al., 2018), likewise the brick
must to comply with the three aspects of sustainability such as the social one that allows generating quality of life for people,
secondly the environment that cares for and preserves environmental quality and the third one that is economical and ac-
cessible for its application (Griffiths, 2012) is for this reason that the results obtained from the analysis of the manufacture
and materials for the production of bricks based on hemp are found in quantity and do not generate any greater cost, however
in the drying process it does generate extra expenses since the use of spaces and time to be able to be air dried generates
extra time and storage.

The production of cement generates 7% of carbon dioxide CO2 emitted worldwide and the manufacture of bricks that for
each brick 0.41 kg of CO2 carbon dioxide is contaminated (EI-Mahllawy, 2018), this is how hemp bricks It provides an
effective and friendly solution for the environment, likewise the benefits are a lot as well as in the reduction of humidity
and keeping the air fresh inside a house and being able to maintain a stable temperature inside the hemp walls (Griffiths &
Goodhew; 2015), suck the environmental contamination from the beginning of the use until the end of the limit of its life
that is 100 years and this thanks to the addition of lime that has the potential to insulate the heat that allows energy savings
(Griffiths, 2012). Therefore, Kandya and Mohan (2018) state that the bricks must comply and have larger holes to be able
to ventilate and generate greater cooling in places where temperatures exceed what is allowed. do, however for cold climates
it is required that they be with smaller holes.
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It is necessary to take into account the study of the proportion quantities of each material for the manufacture and continue
with subsequent studies in order to have specific quantities that allow the durability, resistance, quality and functionality of
the brick for the manufacture of walls and to be present. In homes, the design of the brick must also be studied since due to
various sectors and needs, the size and shape of the brick must be taken into account, considering universal standards and
bringing innovation to solve problems such as the time of the construction of a wall making brick easy to use.

6. Conclusion

The analysis of this research allows us to know the following results: the concern to solve the environmental problems
generated by the construction sector are few, however, in the last 3 years, research based on sustainable solutions such as
hemp-based brick has increased. and the analysis of the benefits such as the reduction of humidity, CO2 absorption, giving
it the value of a decontaminant, that is, purifying the air quality and finally maintaining the temperature inside the home, all
thanks to a Scopus bibliographic review. At this time, innovation in environmental solutions continues to be of greater
importance and more so in the construction sector, since this industry generates 25% of the consumption of water, 40% of
the consumption of natural resources and 40% of the energy worldwide. (Moussa et al., 2018), making it a challenge to
solve global warming of planet earth. We conclude that we need investment to investigate in depth and apply it to hemp-
based brick in order to determine in which aspects and circumstances we can apply it in the construction industry, likewise
it is recommended to continue with the investigation and invite American countries that they get involved with the issue
since there are countries where they have diverse climates such as Peru, where hemp planting would be very fruitful since
it would provide economic income, solutions to mitigate environmental impact and raise awareness among the population
to improve air quality.
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