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ABSTRACT: The rapid growth in the global population necessitated an increase in
construction activities to provide shelter for humans, consequently driving the construction
industry's significant contribution to the GDP of ASEAN countries. This study specifically
examined the utilization of green materials for concrete in Singapore, Malaysia, Indonesia,
Thailand, and Vietnam. Construction, being a material-intensive sector, consumed vast
amounts of natural resources and generated substantial waste and harmful emissions, posing
significant environmental challenges. In response, sustainable development initiatives were
prioritized across ASEAN nations to address these issues. Governments and relevant
authorities implemented various strategies to promote sustainable practices in construction,
including providing financial support to both public and private sectors. Among these practices,
the adoption of green materials for concrete stood out as a promising approach for sustainable
development in the construction sector. By incorporating recycled aggregates, supplementary
cementitious materials (SCMs), and other environmentally friendly alternatives, these
countries aimed to reduce resource consumption, minimize waste generation, and mitigate
environmental impact. Embracing sustainable construction practices not only promoted
environmental stewardship but also contributed to long-term economic viability and social
well-being in the ASEAN region.
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1. Introduction

The world population reached 7.8 billion in 2020, as accurately predicted by the 2019 Revision
of World Population Prospects. This statistic showed that the human population experienced a
massive leap compared to the population in 1800, which was 1 billion. The massive growth of
the human population began in the 1970s, when the population growth rate reached 2.1%, three
times more than during the entire previous human history [1]. This huge increase was mainly
due to the rise in birth rates and the decline in mortality rates, caused by modern medical
achievements and the availability of more reliable water, food, and shelter supplies [2].
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To accommodate this large population, the number of houses and buildings needed to
increase, leading to a new era in the construction industry, resulting in a significant rise in the
construction sector. Global Data’s lead Economist for the Construction Industry predicted that
construction in the Association of South-East Asian Nations (ASEAN) region would expand
by over 6% per annum on average starting from 2018. He also said that the South-East Asia
region would reach an annual economic growth rate of 5% by 2022, which would be the fastest
economic growth among all global regions if they continued to develop at this current speed.
This was mainly due to the large investments in new infrastructure and the expansion of
buildings across residential and non-residential areas. This meant that the construction industry
not only served as a shelter purpose but also acted as a catalyst to stimulate the economy of the
country, especially in ASEAN. On the 31st of December, leaders from the Association of
South-East Asian Nations (ASEAN) planned to establish an economic community, the ASEAN
Economic Community (AEC), to attract investors from different countries to support their
construction projects (ASEAN Secretariat, 2012; ADB, 2015). Starting from 2008, they
produced an ASEAN Economic Community Blueprint to help countries facing economic and
technical difficulties [3].

Cambodia was one of the targeted countries, where its GDP per capita was very low at
$1,008 in 2013 compared to its neighbors Thailand at $5,779 and Laos at $1,646 [4]. Countries
like Thailand, India, Japan, China, and the USA lent a hand by providing financial and human
support to Cambodia, which led to better development in the construction of infrastructure [5].
By 2013, they had invested approximately 2,773 million USD in 1,642 construction projects
of around 1,300 construction companies, including 121 large, 163 medium, and 1,043 small
ones, resulting in strong construction sector growth in Cambodia. Additionally, these
companies sought help from the AEC to recruit a large number of foreign workers, designers,
and constructors from different ASEAN countries to meet the requirements of local
construction industries, thus reducing the cost of construction. With the help of the AEC,
Cambodia achieved 7.2% economic growth in 2013 by increasing investment in construction
industries, which contributed almost 7% of the total GDP of the country each year [6].

Due to the importance of construction as a main income source for ASEAN regions, a
huge number of construction sites could be seen around us. However, this might not have been
a good sign for the environment. This was because the catastrophes created by most of the
construction projects generated a huge amount of construction waste as well as greenhouse gas
(GHG) emissions. Let’s take one of the developing ASEAN regions, Malaysia, as an example.
In 2011, Batu Pahat, Johor, one of the states of Malaysia, generated over 50% of wood waste
during a construction project [7]. Researchers also found that wood wastes were mainly
disposed of during construction activities in Malaysia due to it being one of the main
components in conventional construction, used as structural support in buildings. In addition,
construction projects in Malaysia also contributed a large amount of greenhouse gas. Data from
the International Energy Agency stated that Malaysian construction industries released nearly
32% of carbon dioxide emissions in 2011, with a small amount coming from cement production
processes [8].

So, governments and authorities from different ASEAN regions started to implement
strategies to reduce construction waste and greenhouse gas emissions from construction sites.
Sustainable development played an important role in this sector, leading the concrete industry
to consider practical interpretations of sustainability and other mitigation actions during
construction activities [9]. For sustainable development practices in the concrete industry, the
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focus was usually on short and long-term environmental impacts of structures, construction,
and materials, with particular emphasis on the high amount of greenhouse gas emissions,
overuse of natural resources such as sand, water, and aggregates, and waste generation during
construction projects [10]. The application of green materials in concrete was one of the most
common practices of sustainable development during construction projects. Consequently,
many governments from different countries started to include research and development of
green concrete in their construction industries. For example, the Hong Kong Building
Environment Assessment Method (HK-BEAM) in Hong Kong, Building Research
Establishment Environmental Performance Assessment Method (BREEAM) in the United
Kingdom, and Green Building Challenge in the United States [11]. This review mainly focused
on the overview of the utilization of green materials for concrete in ASEAN, as well as the
approaches to sustainable development in green materials for concrete. In addition, it also
included research objectives, principles of green building materials, development of green
materials for concrete in ASEAN regions, challenges of using green materials, and lastly,
discussions and personal thoughts.

2. Sustainable Development Strategies in the Concrete Industry

Construction of buildings may have been one of the most material-consuming activities,
consuming around 40% of natural resources such as gravel, sand, timber, and raw stone, 12%
of portable water, and using virtually 70% of electricity. Besides that, this activity also
contributed 30% of greenhouse gas emissions and around 55% of waste in landfills during its
operation [12]. From an environmental impact perspective, the construction industry had
significant effects on the entire environment and even the economy [13]. Thus, the principle of
sustainable development, especially the utilization of green energy for concrete, was necessary
and should have been implemented in all countries.

Most developed countries started to take action at national and multinational levels to
ensure that sustainable development was correctly implemented in all phases of the concrete
life cycle. For example, the United Kingdom established the Concrete Industry Sustainable
Construction Strategy to deliver a range of sustainability objectives to construction companies
and publish an annual report on the sustainability performance of the related industries and
companies [14]. In the United States, they established the Concrete Joint Sustainability
Initiative to guide and support the actions of industry stakeholders when executing sustainable
development in the North American concrete industry [15]. It also helped to ensure that the
concrete industry improved in sustainability. Furthermore, the Nordic Concrete Federation, a
collaboration organization of Norway, Finland, Denmark, Iceland, and Sweden, helped
construction companies solve environmental challenges in different ways: Norway developed
an online database of important documents for the concrete industry, while Denmark built a
research center to develop green concrete for the construction industry [16].

However, the efforts mentioned above were commonly seen in developed countries in
the northern part of the world and were rarely seen in Asian countries, especially in Southeast
Asian Nations. This might have been due to the maturity of the technology for implementing
green construction in their concrete industry. Although developing countries in Asia did not
seem to be putting effort into practicing sustainable development in the construction industry,
the demand for and production of concrete-making materials in developed countries still led
them to grow in the construction sector [10]. To ensure the growth of the concrete industry
while minimizing the negative environmental impact, the Asian Concrete Federation (ACF)
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conducted a meeting with representatives from various Asian countries, including Vietnam,
Taiwan, Indonesia, South Korea, Japan, India, and Mongolia, to discuss issues about
sustainability practices in construction and set targets in the 2010 ACF Taipei Declaration on
Sustainability.

There were six steps that the ACF should have followed to achieve sustainability in this
declaration. First and foremost, the ACF should acknowledge the importance of the Asian
concrete society’s role in achieving global sustainable development due to the huge increase in
concrete consumption throughout the world. Next, the ACF should realize the requirements for
sustainable development by decreasing the use of natural resources and carbon footprint in the
life cycle of a concrete structure during the construction stage. Moreover, the ACF should
encourage the concrete industry to make changes to cater to the well-being of human society
by providing serviceable, safe, and environmentally friendly structures. Furthermore, the ACF
should promote the concrete industry to employ the best technologies and make technical
innovations in the future for sustainable development. In addition, the ACF should provide
education about the importance of concrete structures in sustainable development to the
concrete industry and the public to ensure that they had knowledge about it. Last but not least,
the ACF should collaborate with other international associations on sustainable developments
in the concrete society to share thoughts and ideas between them, thus improving the efficiency
of the progress [17]. As mentioned above, most of the participants of the ACF were from
Southeast Asian Nations, which meant that ASEAN nations started their effort in the
sustainable development of green materials for construction activities. However, each of these
ASEAN regions may have differed during the actual implementation of sustainable strategies.
Therefore, the main objective of this review is to identify the degree of compliance and
utilization of green building materials and concrete by different ASEAN regions.

3. Development of green material for concrete in ASEAN regions
3.1. Singapore.

The current status of green materials for concrete in Singapore is shown in Figure 1. Due to the
limited land size of this country, Singapore lacked natural resources for construction. As the
construction sector was one of the key drivers of its economy, this made Singapore heavily
reliant on the import of construction materials such as aggregates, cement, blast furnace slag,
concrete, etc. [18]. Because of this, the materials used in construction became very precious,
causing strong cost competition. To solve this problem, the implementation of sustainable
development practices in the construction sector became a necessity in Singapore. In January
2005, Singapore’s government started to promote green construction through a program named
the Building and Construction Authority’s Green Mark Scheme. The main purpose of this
program was to encourage Singapore’s construction industry to adopt more environmentally
friendly building practices. It also helped to promote sustainability in the construction sector,
raising environmental awareness among builders, designers, and developers during project
planning, design, and construction stages [19].

Furthermore, Singapore’s government agencies joined forces with the Building and
Construction Authority (BCA) and industry associations to produce a Sustainable Construction
Masterplan. This plan was implemented to promote sustainable development practices in the
construction industry, ensuring a high-quality, safe, sustainable, and friendly built
environment. The Sustainable Construction Masterplan focused on increasing the reusability
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of materials and reducing natural resource consumption by choosing the right products and
materials for construction and buildings. The chosen products were required to be almost the
same or similar to the original products, either chemically or physically. This indicated that
Singapore was generally putting effort into two main criteria of green construction: using
sustainable materials in the construction sector and implementing research and development to
increase the efficiency of building design, thereby optimizing the use of natural materials [20].
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Figure 1. Current status of green material for concrete in Singapore.

Furthermore, Singapore’s government took the lead in applying sustainable development
construction, also known as green building, in public sector projects. The first example is the
Land Transport Authority (LTA), which conducted an experimental test on the use of
Incineration Bottom Ash (IBA) as an alternative material in road construction. The use of
Incineration Bottom Ash (IBA) in road construction was an excellent move as it helped replace
natural minerals such as gravel, sand, and crushed rock [21]. The second example is the
Housing & Development Board (HDB), one of the top public housing developers, which
performed sustainability measures by reducing the use of original materials in construction and
replacing them with recycled materials. HDB used recycled aggregates in non-structural
elements in their construction projects and also conducted sequential demolition for the
demolition of old buildings [22].

Discussing recycled aggregates, one of the most common recycled materials used in
almost all construction activities is recycled concrete aggregate, also known as RCA. To spread
the use of this special material in the construction industry, Singapore’s government and
authorities were responsible for convincing construction investors by proving the long-term
performance of RCA concrete in structural elements, especially for buildings. Currently,
Singapore policy only allowed developers to use RCA concrete at a low percentage, around
15%, for building construction, meaning that RCA concrete might not be effectively
sustainable for widespread use during construction. To address this, Samwoh Corporation, a
leading concrete aggregate recycler in Singapore, constructed Samwoh’s Eco-Green Building
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as a full-scale study to investigate the long-term performance of high-percentage RCA concrete
when applied in building construction [20].

The construction process of Samwoh’s Eco-Green Building was divided into two
different stages: stage 1 involved laboratory investigation of the long-term performance of
RCA concrete, and stage 2 involved structural health observation of the three-story Samwoh’s
Eco-Green Building. In stage 1 of the experiment, different percentages, from 0% to 100%, of
RCA concrete were tested by using it in the construction of Samwoh’s Eco-Green Building.
The final results showed that the compressive strength for low and medium concentrations
remained consistent, whereas there was some increase in strength when the percentage of RCA
concrete increased [23]. The success of the RCA concrete results could be used to expand
building codes to permit the implementation of RCA concrete in the construction industry. This
experiment served as an important showcase of applied research and development in concrete
technology for the future construction sector [20].

3.2. Thailand.

Due to its large land size and huge population, most of the construction work in Thailand had
low labor costs. Therefore, price served as the most important aspect for construction materials
such as concrete, leading to high cost competition, which limited the adoption or testing of new
technologies. Another reason was that most concrete technologies depended on cement
companies, which required a huge amount of investment in research and development,
although foreign countries had provided a small amount of financial support. Additionally,
Thailand did not implement education to promote sustainable development practices in the
construction sector, making it difficult to convince customers of the importance of the
environment [24].

However, there was a special case where sustainable concrete, fly ash concrete, was
introduced in Thailand to reduce the environmental impact of concrete materials. This special
incident happened because of the properties of fly ash, which is a by-product released from the
coal-burning process. Instead of disposing of fly ash in landfills, they used it to make
sustainable concrete for the construction industry to reduce the cost of making concrete.
Starting in 2005, almost all fly ash produced in Thailand was used to replace cement as a green
material for concrete to reduce costs and environmental impact. About 95% of the total fly ash
produced came from the Mae Moh generating plant of the Electricity Generating Authority of
Thailand, located in the north of Thailand [25].

According to research, the use of fly ash as a green material for concrete played an
important role in reducing energy consumption for clinker production, which in turn reduced
greenhouse gas emissions. It was estimated that about 1 ton of greenhouse gases was reduced
for each ton of clinker produced with this implementation [26]. Additionally, the replacement
of traditional concrete with fly ash concrete as a building material had numerous benefits.
These included improving the long-term strength of buildings, enhancing resistance against
chloride-induced steel corrosion, reducing the risk of alkali-aggregate reaction, minimizing
building temperature, increasing durability, improving ease of pumping, minimizing shrinkage,
and improving workability in construction [27].

However, fly ash concrete was not perfect in all properties and still contained some
shortcomings when implemented as a green concrete material. Fly ash concrete had lower
freezing resistance, initial strength, thawing resistance, and carbonation compared to traditional
concrete. Therefore, the application of fly ash concrete in the construction industry should be
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evaluated by professionals to ensure its safety and to effectively reduce the environmental
impact of the construction sector. The challenges and limitations of the development of green
materials for concrete in Thailand are shown in Figure 2.
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Figure 2. Challenge and limitation of development of green material for concrete in Thailand.
3.3. Malaysia.

According to the world map, Malaysia is located at the equator line which means that this
country has tropical rainy climate and is suitable for palm oil and paddy field plantation. The
large amount of palm oil and rice production had being a serious environment problem which
is agricultural waste generation [28]. It had documented that most of these by-product such as
palm oil fuel ash and rice husk ash had not go through proper disposal which can be seen in
pond or lake [29]. As issues on sustainable construction gains more province, researches from
Malaysia put huge effort in researching on utilization of using agricultural waste products such
as palm oil fuel ash and rice husk ash in concrete for construction of buildings. By applying
this sustainable method, damage done to environment can be reduce significantly at the same
time the material needed in concrete can also be minimised. Studies in Malaysia had shown
that utilizing palm oil fuel ash in concrete has benefit in strength. This proved by an experiment
on the replacement of palm oil fuel ash in concrete for 10%, 20% and 30%. The result indicated
that 20% replacement of palm oil fuel ash in concrete has the maximum compressive strength
and improvement in modulus of elasticity. The main reason of the huge strength improve in
this special concrete is due to the filling effect of the fine ash and also the pozzolanic reaction
which makes the bond between aggregate and hydrated cement matrix stronger [30].
Additionally, the densification of the internal structure of concrete also can bring huge
improvement to the performance of this concrete. This is due to the pozzolanic chemical
reaction where silica reacted with calcium hydroxide generates by cement hydration. This show
that Malaysia has expertise and professionals in the chemistry field which makes the green
concrete works well in the construction sector thus securing a sustainable environment. The
challenge and limitation of development of green material for concrete in Malaysia is shown

in Figure 3.
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Figure 3. Challenge and limitation of development of green material for concrete in Malaysia.

3.4. Indonesia.

The utilization of green materials for concrete in Indonesia presents a crucial avenue for
sustainable development in the construction sector (Figure 4). Indonesia, with its burgeoning
population and rapid urbanization, faces significant environmental challenges stemming from
construction activities. Concrete production, a cornerstone of the construction industry,
contributes to substantial resource consumption, energy usage, and greenhouse gas emissions.
To mitigate these environmental impacts, the adoption of green materials in concrete
production is imperative [31]. Green materials, such as recycled aggregates, fly ash, slag, and
silica fume, offer environmentally-friendly alternatives to traditional concrete components.
Incorporating these materials not only reduces the reliance on natural resources but also
decreases energy consumption and carbon emissions associated with concrete production. One
notable initiative in Indonesia's journey towards sustainable concrete is the promotion of
recycled aggregates. These aggregates, sourced from crushed concrete waste, offer a
sustainable solution to address the country's mounting construction waste problem. By
diverting construction waste from landfills and reusing it as aggregate material, Indonesia can
significantly reduce its environmental footprint while conserving natural resources.
Furthermore, the utilization of supplementary cementitious materials (SCMs) like fly ash and
slag holds promise in enhancing the sustainability of concrete production. These by-products
of industrial processes not only reduce the carbon footprint of concrete but also enhance its
durability and strength. By incorporating SCMs into concrete mixtures, Indonesia can achieve
both environmental and performance benefits, thereby fostering sustainable construction
practices [32].

Moreover, Indonesia can leverage its rich biodiversity to explore innovative green
materials for concrete production. Bamboo fibers, for instance, have emerged as a sustainable
alternative to conventional reinforcement materials like steel. Bamboo, abundant in Indonesia’s
tropical forests, offers high tensile strength and durability, making it an ideal reinforcement
material for concrete structures. Integrating bamboo fibers into concrete mixtures not only
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enhances structural performance but also promotes sustainable forestry practices and supports
local economies. Despite these promising initiatives, challenges remain in the widespread
adoption of green materials for concrete in Indonesia. Limited awareness and technical
expertise among industry stakeholders hinder the transition towards sustainable construction
practices. Additionally, regulatory frameworks and market incentives are necessary to
incentivize the adoption of green materials and promote sustainable concrete production on a
larger scale [33].
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Figure 4. The utilization of green materials for concrete in Indonesia.

3.5. Vietnam.

The utilization of green materials in concrete production holds significant potential for
promoting sustainability in Vietnam's construction industry. As the country undergoes rapid
urbanization and industrialization, the demand for concrete continues to escalate, resulting in
substantial environmental impacts. However, by incorporating green materials into concrete
production, Vietnam can mitigate these impacts while fostering sustainable development. One
of the primary challenges facing Vietnam's construction industry is the depletion of natural
resources and the generation of construction waste. Traditional concrete production relies
heavily on natural aggregates, such as sand and gravel, which are finite resources. Moreover,
the disposal of construction waste poses environmental hazards and contributes to land
degradation. To address these challenges, Vietnam can embrace green materials like recycled
aggregates, which are derived from crushed concrete waste. By recycling construction and
demolition waste into aggregate materials, Vietnam can reduce the strain on natural resources
while minimizing the environmental footprint of concrete production [34].

Furthermore, the utilization of supplementary cementitious materials (SCMs) offers another
avenue for enhancing the sustainability of concrete in Vietham. SCMs, such as fly ash, slag,
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and silica fume, are by-products of industrial processes that can be incorporated into concrete
mixtures. These materials not only reduce the carbon footprint of concrete production but also
enhance its performance characteristics, such as durability and strength. By integrating SCMs
into concrete production, Vietnam can achieve both environmental and economic benefits, thus
promoting sustainable construction practices. In addition to recycled aggregates and SCMs,
Vietnam can explore innovative green materials for concrete production. Bamboo fibers, for
instance, have emerged as a sustainable alternative to conventional reinforcement materials
like steel. Vietnam's abundant bamboo resources make it well-suited for exploring the use of
bamboo fibers in concrete. Bamboo offers high tensile strength and durability, making it an
ideal reinforcement material for concrete structures. By incorporating bamboo fibers into
concrete mixtures, Vietnam can reduce its reliance on steel reinforcement while promoting
sustainable forestry practices and supporting local economies. Despite the promising potential
of green materials in concrete production, challenges remain in their widespread adoption in
Vietnam. Limited awareness and technical expertise among industry stakeholders hinder the
transition towards sustainable construction practices. Additionally, regulatory frameworks and
market incentives are necessary to incentivize the adoption of green materials and promote
sustainable concrete production on a larger scale [35, 36]. The challenges and limitations of
incorporating green materials in concrete production in Vietnam is shown in Figure 5.
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Figure 5. The challenges and limitations of incorporating green materials in concrete production in Vietnam.
Conclusion

The global population's exponential growth, hitting 7.8 billion in 2020, has fueled construction
activities worldwide, notably in ASEAN regions experiencing rapid economic development.
This surge in construction, driven by medical and resource advancements, brings
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environmental challenges like resource depletion and greenhouse gas emissions. Recognizing
the urgency for sustainability, ASEAN governments and stakeholders are implementing
strategies to reduce environmental impact. Initiatives like the ASEAN Economic Community
and ACF Taipei Declaration on Sustainability show a commitment to sustainable construction
practices. Singapore, Thailand, Malaysia, Indonesia, and Vietnam are actively pursuing
sustainable development, employing measures like green building certifications and recycled
materials. Singapore's Green Mark Scheme and Thailand's fly ash concrete exemplify these
efforts. Malaysia uses palm oil fuel ash and rice husk ash, while Indonesia and Vietnam explore
recycled aggregates and SCMs. However, challenges like limited awareness and technical
expertise hinder widespread adoption of green materials. Overcoming these obstacles
necessitates collaborative efforts to educate, incentivize, and regulate sustainable practices in
the construction sector.
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