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Abstract: The global sustainable construction aimed to minimize the ecological impacts of con-
structed facilities’ lifetime. In construction, concretes are the major materials utilized in South East
Asia. Thus, it makes environmental and economic sense to utilize recycled materials in the production
of new concretes for diverse uses. This review indicated that the practical implementations of the
recycled aggregate concretes (RAC) in the area is greatly lacking, even though there are reasonable
studies on RAC, particularly because of lack awareness and economic viability of such uses at the
present period. This research aims to establish an interdisciplinary consortium with researchers,
policy makers, practitioners, and social scientists in Southeast Asia to investigate the development of
sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates. Concentrating on
waste resource recovery, this research presents an integrated modeling method. The approaches track
and forecast a variety of values across technical, economic, social, and environmental areas linking
these to the material flow and therefore integrating and building upon one-dimensional models like
life cycle assessments (LCAs) and material flow analyses (MFAs). Additionally, the analysis of this
study supported the recycling of cement for general use in construction, emphasizing the feasibility,
reliability, and longevity of a project at the same time. However, the analysis also demonstrated that
although there is fair progress on recycled concrete, there is still a severe lack of appropriate develop-
ment in particular because of the lack of economic sustainability and knowledge of such applications
at present. Raw material conservations were recorded; carbon dioxide costs and footprint were also
reduced. Considering the RAC economic, technical, and environmental parameters, frameworks
were applied for sustainable selections with target compressive strengths as the major goal.

Keywords: recycled aggregate concrete; capacity; capability building; South East Asia; structure formation

1. Introduction

The production and application of concrete for use in buildings is present all over the
world, regardless of the country’s economic and geographic condition, having Portland
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cement in its composition, which is the second most consumed material in the world, just
behind water as well as water and aggregates [1]. Thus, considering its high consumption
worldwide, research seeks to evaluate various conditions of technological performance [2],
durability [3], potential for the application of new materials [4], and issues related to its
sustainability [5] in various cement-based materials, such as concrete and mortars. South
East Asia has more than 650 million inhabitants, more than 50% of whom live in cities [6],
and that went through a strong urbanization process in the 1980s and 1990s through large
urban megaprojects [7], which has been developing until today, with investments that vary
between 3% to 14% of the countries budgets, being one of the pillars of the strong economic
development of the region that promotes an increasing consumption of concrete [8]. It is
estimated that 1.6 billion tons of construction and demolition waste (CDW) was generated
annually in China in 2016, and waste concrete made up the majority of it; the global
aggregate production is shown in Figure 1.
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Construction and demolition waste is one of the main sources for the production
of recycled aggregates worldwide, due to its high availability and compatibility [13,14].
As South East Asia has several countries, in different economic conditions, it is difficult
to accurately measure data related to the production of CDW; Malaysia, Singapore, and
Vietnam are the only countries that publish data on a regular basis [6]. Another way of
presenting the construction and demolition waste generation data indicates the quantity of
CDW weighted by construction value (per annum), which is a more realistic form of data
of the local reality and of better comparative analysis, and also the quantity of CDW per
added value construction industry, as can be seen in Table 1 below.

Table 1. Ways of quantifying CDW in some countries and regions [15–17].

Country Quantity of CDW Weighted
by Construction Value

Quantity of CDW by Value
Added in the Construction

Industry

Myanmar 9.49 million ton. 10 tons per million dollars

Thailand 7.2 million ton. 693 tons per million dollars

Vietnam 8.8 million ton. 933 tons per million dollars

China 1130 million ton. 1547 tons per million dollars

South East Asian average 5.37 million ton. 472 tons per million dollars

USA 534 million ton. 839 tons per million dollars

The use of recycled aggregates in concrete brings a series of technological and environ-
mental benefits; however, one of the biggest criticisms about their use on a large scale refers
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to the great heterogeneity of their composition, especially those from CDW, as they contain
not only concrete, but also other building materials, such as brick, wood, plaster, etc. [13].
There is some research that shows techniques for separating and pretreating CDWs before
they are crushed for the purpose of use as recycled aggregate, such as the use of elec-
tromagnets to separate metallic parts, for example, common in concrete structures [18].
Another study evaluated the use of mixed recycled aggregates in mortars, evaluating
the effect of temporal variability in the collection of materials and their influence on the
final properties of mortars, using statistical models for this. The results of this research
showed that adequate and standardized processing, in addition to defining mixtures in an
optimized way, considerably reduced the effect of the heterogeneity of recycled aggregates
on the technological properties of mortars [13,19].

The diffusion of the use of recycled aggregates is directly related to sustainability
issues, which enable a more optimized use of natural resources. Considering the high use of
concrete all over the world, the demand for the aggregates of different diameters, extracted
from natural rocks and/or river beds (sand and gravel), causes a series of environmental
damages; additionally, in the not-so-distant future, the scarcity of these natural resources
is clear, which will certainly cause serious economic damage, especially to the countries
of South East Asia, where there is still a great prospect of growth in the coming decades,
thus justifying the need for research in this field [20].

In the specific case of the countries of South East Asia and others nearby, the scarcity
of mineral resources for the production of natural aggregates for civil construction and the
problems related to the limitation of physical space for disposal of waste in landfills leads to
the need to search for recycled building materials, using the waste that would be discarded
in their composition [21,22]. Even in larger countries, such as Russia and China, environ-
mental issues are evident, promoting much research related to recycled aggregates [23,24].
The concretes that use recycled aggregates have in their mechanical properties a multiaxial
state of stresses, similar to real situations of use, still needing deepening related to the
interaction between beams and columns and their behavior in execution situations in places
of movement of tectonic plates [25]. The buildings emit carbon in several stages throughout
their construction process, as can be exemplified in Figure 2.Buildings 2021, 11, 234 4 of 19 
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Figure 2. A framework for the estimation of carbon emissions incurred during the construction
phase [26–28].

The paper [29] cited different research studies on recycled materials on concrete for
building construction. It explored the feasibility, sustainability, technical improvement,
durability, and economical evaluation aspects of the particular concrete. Four concrete
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formulations were analyzed: recycled aggregate concrete, recycled aggregate mortars,
self-compacting concrete containing rubble powder, and reuse of glass-reinforced plastic
industrial waste in cementitious products. One finding is that recycled-aggregate compres-
sive strength, by addition of fly ash as a fine aggregate replacement, can be improved to
be equal to or greater than that of natural-aggregate concrete. Figure 3 depicts the typical
recycled aggregates. Many slags, sludge, and scales are produced and stored in the landfills
and may be used as an aggregate.
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The economy of most the South East Asian nations depends to a great level on the
infrastructure activities and the construction sector apart from the gas and oil sectors [30].
This is because of recent initiatives taken by the local governments to diversify from gas and
oil sectors to attain dependent economies. In the Arab Construction World magazines, pub-
lished data show that the total values of real estate projects presently under constructions
in the South East Asia stand over $3 trillion [31]. In South East Asia, the major construction
industry aspects that have notable impacts on the environment are scarce useable virgin
aggregates for generating concretes, lack of iron ores for making steels, and limited fresh
water sources.

The construction and building sector is poised for a new rapid growth phase alongside
deployments of digital technologies with South East Asian countries set to overtake devel-
oped economies [9]. The ingredients to make concretes are in high demand and are thus
in short supply as concretes are the favored materials of choice in different performance,
forms, and characteristics for the upcoming infrastructures. This exerts great pressure
on natural concretes and increases the construction costs. The sustainability of virgin
concretes should therefore be attained through capability and capacity building to develop
reclaimed aggregate concretes. It is crucial to cautiously assess the concrete life cycle as
South East Asian nations move to circular economies [32]. Any dismantled concretes
should be reclaimed and reused in the systems for application as aggregates, minimizing
the embodied concrete carbon [33]. Figure 4 shows the expected reduction of the carbon
footprint globally [34–37].
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The construction sector’s importance for the three sustainable development elements,
namely effective environment protection, economic growth, and social progress, cannot
be overlooked [38]. This work aims to evolve theoretical frameworks for implementing
sustainability strategies and standards to the building and construction sector from life-
cycle perspectives to contribute to sustainable development. The frameworks depend
on three fundamental principles that design for environments and humans, resource
management, and life cycle designs. Each principle involving methods and strategies to be
used during the life cycle of construction projects is discussed following a literature review.
For clarity, a few case studies are presented on the approaches [35]. The frameworks
providing tools for construction industry stakeholders also aim to help in developing the
most relevant examination tools that are based on the critical condition.

South East Asia is usually viewed as an area that has inadequate natural resources
needed for the production of concretes. Concretes consist of four major ingredients: ag-
gregates, sand, cement, and water. Water is domestically available but is desalinated for
the most part. While in certain nations, concrete batching factories reuse the water they
utilize for cleaning, this is limited in South East Asia [39]. The raw materials are usually im-
ported from other nations, while concretes are generated locally. Demands have exceeded
supplies at peak market levels. Therefore, some cement quantities have to be imported to
supplement domestic demands.

2. Significance of the Study

This study’s significance lies in its discussion of several solutions and methods and one of
the recommended techniques, which are the reuse of cement for general use in construction,
emphasizing the feasibility, quality, and longevity of such a project at the same time. According
to Mehta [40], those solutions would certainly increase the technical sustainability of concrete
as a building material. However, in order to move towards ecological sustainability, it has also
been claimed that by dramatically reducing the unsustainable use of resources, thereby dra-
matic changes in our production efficiency must be made, such as improving the composition
of concrete to be renewable and sustainable (Figure 5). This suggests that by implementing the
“making do with less” strategy, the long-term response to the sustainability issue of modern
building materials lies in significantly enhancing their durability [41]. At this juncture, if the
business-as-usual strategy persists for the building industry and community, it would hit the
limit where the natural support structures are irreversibly impaired.
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3. Sustainable Constructions in South East Asia

A researcher noticed how sustainability is an ongoing trend in all sectors of the
economy, especially in construction, as cement and by extension, concrete, or in general,
the construction industry, is one of the most prominent contributors to greenhouse gas
emissions and the urbanization of green spaces [42]. It is good that as a species, we use our
collective knowledge and effort to sustain the planet within its boundaries to support life.
This article proved how we are going to progress in the future, envisioning the future not as
futuristic, but an environment-friendly utopia as we learn to manage Earth’s resources to
sustain our ever-increasing population [43]. We should see more studies like these appear,
but what the researcher would expect is the first building that would implement these
innovations.

In recent years, the issues of sustainable construction have become an important
topic [44]. This research study is helpful in the future manufacturing of a concrete by
using recycled aggregate [45], towards expanding the suitable use of materials as a way
to maintainable construction practice (Figure 6). Due to the increasing negative effects
of climate change, the most utilized material in construction, which is concrete, will be
sustainable enough to be eco-friendly. The researchers ought to compare the natural-
aggregate and recycled-aggregates; there was much information that was discussed about
recycled aggregate and fly ash, its particles, and how it would be beneficial [46].
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The aim of sustainability of vital resources is to create and safeguard natural resources
like beaches, reserves, and islands. Additionally, it aims to establish optimum environments
to appeal to the private industry and catalyze its roles to recover and sustain these natural
resources [29]. Furthermore, sustainability of vital resources aims to enhance the ecological
protection of South East Asian countries from natural dangers through vegetation to both
safeguard against pests and combat desertification [49]. Moreover, vital resources sustain-
ability aims to enhance the national capability to forecast natural threats and minimize
the time of responses to safeguard environmental, human, and economic impacts. Fur-
ther, it intends to create biological resources of South East Asian countries and ensure their
sustainability via concentrating on labor availability, drug and food security, and water
resources. This would reinforce the effective crisis management national capabilities [49].
The major agencies involved in sustainability of vital resources include the Social and Labor
Development Ministry, Health Ministry, Planning and Economy Ministry, Authority of
Saudi Wildlife, Environmental Protection and Meteorology General Authority, Corporation
of Saline Water Conversions, and Agriculture, Environment, and Water Ministry.

The challenges facing sustainability of vital resources are overcome via various strate-
gic goals [29]. Some of the strategic objectives include ensuring sustainable access to water
resources, ensuring food security and developments, protecting and rehabilitating the nat-
ural landscape, and providing ecological protection from natural threats. Environmental
protection prevents natural hazards like epidemics, sandstorms, floods, and desertifica-
tion [49]. Protection and rehabilitation of natural landscapes establish reserved areas like
islands, natural reserves, and beaches with building codes and land ownership. They also
impose restrictions to specific practices such as vandalism, dumping, fishing, and animal
hunting [49]. Additionally, protection and rehabilitation of natural landscapes facilitates
the access to certain locations without posing dangers to the rehabilitation of the affected
natural areas and the ecological sustainability.

4. Industry and Governmental Initiatives

For better economic growth, new constructions are needed [49]. Reclaimed concrete
aggregates reduce the need for harvesting, cultivating, or mining different materials utilized
in building and constructions. The reduced production and manufacturing of cements
as well have notable economic benefits. Recycled concretes are obtained from processed
aggregate debris from demolition wastes, giving the RCA new life in a broad range of
applications [50]. Recycled concretes minimize the need for material mining. Using heavy
machines, these resources must be excavated. The process of mining the materials is
incredibly expensive and generates many hazardous waste substances. However, utilizing
existing reclaimed concrete aggregates largely eliminates the excavation necessity as a
method of obtaining the chief materials used in construction. The application of these
reclaimed concretes includes being broken up into ripraps for standard construction,
uses in landscaping and marine structures, and securing shorelines. Recycled concretes
save on transporting natural concretes [51]. Most mined concretes have to be transported
or shipped to concrete mixing centers for production.

The industrial implementation of RCA in South East Asia is still in its infancy, al-
though there is a substantial research body associated with utilizing RCA in the generation
of concrete mixes [52]. The governmental agencies initiate some of the implementations
and the industry carry out some other implementations. The governments in South East
Asia have acknowledged the challenges posed by the construction demolition wastes [53].
With daily capacity of about 5–25 thousand tons of construction wastes, the Malaysian gov-
ernment approved the Environment Protection Industrial Co (EPIC) to begin construction
waste recycling plants to minimize the areas needed for landfills. In 2005, the Malaysia
International Industrial projects corporation was started with the goal of enhancing the
ecological conditions in Malaysia [49]. Minimizing the landfill space needs and cutting the
new concrete production costs are some of the projects for this corporation. Old asphalt
concretes and concrete rubbles are crushed to different sizes to be utilized as aggregates
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for some projects for this purpose [53]. The generated aggregates can be utilized in vari-
ous projects, such as ordinary non-reinforced concrete mixes, asphalt concrete mixes for
road paving, base and sub-base layers for road constructions, and packaging of rain and
drainage pipes.

Efforts toward utilizing waste concretes and recycled aggregates are underway in the
process of generating sustainable concretes in Indonesia [54]. The application of crushed
recycled concretes to non-structural uses such as blinding slabs, backfills, embankments,
core fillings, and road base or subbase constructions are some of the potential implementa-
tions and benefits of recycled aggregates and waste concretes [55]. Establishment of the
Indonesia Green Building Council, which is a private agency interested in the promotion
of ecologically sustainable practices, is another effort to assist Indonesia in adopting green
building designs and constructions. Indonesia Green Building Council is implementing
environment management systems that allow the companies to recycle concretes and water
and use waste management programs [56]. Domestic solid waste management centers that
the Ministry of Agriculture and Affairs initiated in Indonesia are able to recycle a total of
6000 tons of construction wastes and a total of 2500 tons of mixed local wastes daily.

The Riyadh Exhibitions Company Limited has been organizing waste management
and global recycling to help the corporations to interact with and foster waste recycling.
In Singapore, recycling plants have sorted capacities of up to 1500 tons/day [57]. However,
the plants do not recycle any building materials. The restricted implementations of recycled
concretes in constructions in Singapore have provoked some engineers and experts to
appeal to municipalities in Singapore and other towns to introduce recycling plants and to
call for strong rules to safeguard mountains from crushers in Singapore.

In the South East Asian region, Thailand appears to be one of the most active nations
when it comes to the concrete recycling applications [33]. Thailand Central Lab has signed
agreements with a city municipality named Tesaban Nakhon (TN) and Thailand Recycling
to research and analyze building demolition wastes. The projects aim at finding mean-
ingful applications to utilize construction rubbles, since these wastes are often ignored by
contractors [58]. In city municipality TN, the municipality has supported multiple schemes
concerning ecologically friendly building materials and green building. For instance, new
crushing plants in town municipality TN have been newly launched with the ability to
crush waste materials and turn them into aggregates that can be utilized to substitute
virgin aggregates in producing concretes. There are various companies in a sub-district
municipality TN that support green concrete production. In the municipality, the com-
panies utilize over two tons of recycled aggregates of needed concretes [59]. By utilizing
recycled aggregates and other reclaimed waste materials, these companies have the ability
to generate concretes that are ecologically friendly, aiming to maximize waste material
usage and zero waste production.

Additionally, the Sharjah Emirate has its share of tasks in the field of sustainable
construction. New recycling plants recently were established in the Sharjah’s industrial
areas [60]. The plants receive concretes and other building waste materials for different
regions within the Emirate and process them to be utilized again for building activities.
The concrete applications are scarce in the Philippines [61]. Nevertheless, in 2009, the royal
decrees have been issued to appoint the Philippine Ecological Services Holding Corpora-
tion to implement the tasks of executing the state policies regarding the waste industry.
The company has initiated several schemes to develop facilities for management of tire
recycling plants, electronic wastes, hazardous wastes, and medical wastes in addition to
the management of landfills all over the Philippines [62]. In the Philippines, the production
of about 3000 tons of wastes every day has inspired the initiatives to plan for reclaiming
factories that will recycle the majority of those wastes.

5. Restructuring the Public and Private Sectors to the Utilization of RCA

Stakeholders appropriate to RCA utilization, including the general public, transporta-
tion firms, construction waste disposal organizations, construction firms, local govern-
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ments, developers, and central government agencies, should work together to realize
the full potential of RCAs [63]. This work suggests that there should be recommenda-
tions to foster the recycling of construction and demolition wastes and utilization of RCA,
applications and prices of construction and demolition recycled materials such as RCA,
RCA promotion, and construction and demolition recycling awareness. Including sector
and information technology and finance, environmental protections, transport, municipal
administration and landscapes, planning, housing and construction, land resources, de-
velopment, and reform commission, the RCA management of local governments involves
various departments of government administration with their respective management
responsibilities and privileges [63]. In most cases, the urban administration department
of China is the main construction and demolition waste agency. The issues are similar to
those at national level at the local government level.

Generally, the stakeholders believe that RCAs are odorless, inert, and non-toxic ma-
terials [62]. There are minimal complaints about the RCAs. Public safety impacts are not
considered, and the resource and environmental conservation awareness is weak. The gov-
ernment solid waste declarations and the Building Law for instance do not consider RCA
at all. There is no provision for construction demolitions. While demolition is overlooked,
the management and administration only care about constructions [29]. The stakeholders
should therefore work together to realize the applications of RCAs. They should come up
with unified calculation standards and RCA production statistical systems. The private and
public sector should work together to develop regulations that outline quantitative targets
for requirements and standards of RCA pollution control, disposal and recycling, and RCA
generation that bring hurdles in the real management of RCA. Basically, the public and pri-
vate sectors have to work to ensure that the mode of RCA generation follows an open and
planned economy. The RCA administrative department should shoulder the law enforce-
ment and supervision activities and bear the qualification approval responsibilities [30].
The cooperation between the public and private sectors integrates enforcement and ad-
ministration and strengthens the efficiency of macro-management functions, which will
seriously improve RCA utilization.

The government, design institutes, construction units, and project managers should
be involved in generation and utilization of RCA [31]. During the demolition and con-
struction, the project owners are the major players. The project owners are in the center
at the source generation stage. While achieving work that adheres with standards and
principles, meeting the project owner requirements, and completing as many projects in
the shortest time possible, the main concerns of design include integrating the ideas into
the buildings and structures. The construction departments are interested in how to finish
the constructions with the least cost inputs and resources and the fastest rates. The gov-
ernment should support more generation and utilization of RCAs [9]. Their obligations,
expectations, and responsibilities must be properly coordinated.

6. Maintaining Stability and Sustaining Growth of RCA

Lots of construction tasks are seen everywhere with the modernization and develop-
ment of societies [29]. The construction tasks are growing by huge amounts and at faster
rates. The destructions of existing buildings and structures that have attained their service
lives also run parallel to activities of construction. It is necessary that the buildings should
be destroyed and smashed because of ongoing reconstruction trends and change in fashion
as well as when they have completed their service lives [32]. South East Asian countries
are looking for healthy buildings to create more spaces to meet the current demands.
The construction activities as such are producing waste materials in bulk. These wastes are
known as demolition and construction wastes [38]. For the owners, builders, developers,
and engineers, the disposal of such demolition and construction wastes in a sustainable
way is a challenging activity [35]. On the other hand, there are grave shortages of virginally
available concretes and aggregates for the building of structures, while the disposal of
construction and demolition wastes is a challenge. Reductions of these demands in small
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ways are possible with reusing and reclaiming of demolition and construction wastes pro-
duced from construction activities [39]. Therefore, the reclamation of demolished wastes is
a sustainable solution to demolition and construction wastes.

Natural resources are scarce in nature [39]. With time, the natural resources will be
depleted. Unnecessary wasting of natural resources should be regulated and limited to
conserve natural resources. Throughout the projects’ life cycle, formulations and imple-
mentations of the proper waste management plan can reduce construction and demolition
wastes. Most of the construction and demolition wastes can be reclaimed and reused with
incorporated resource management schemes, and more virgin concrete can be conserved
for our future generations [41]. In addition to judicial laws from the concerned regulatory
agencies and bodies, the recycling successes require promotion by means of information
and education.

Strong commitments and investments by private bodies and state agencies are es-
sential to ensure sustainability. Some materials such as glasses and plastics are reused
for recycling. Concretes can also be utilized continually in the same manner as long as
the specifications are correct [32]. For construction purposes, recycling solid waste prod-
ucts is gradually becoming an important construction and demolition waste management
alternative because it overcome the obstacles such as environmental regulations, more
restrictive land use, and depletions of natural concrete reserves. The presence of inert
material (such as grit from road sweeping, dusts, and drain silts) and demolition and con-
struction wastes is important [29]. About 33% of total municipal solid wastes are generated
from construction and demolition wastes. Recycling of demolition and construction wastes
should be focused on in view of:

• The potential to save virgin concretes and aggregates such as soils, stones, and
river sands.

• Their bulk that is carried over longer distances just for disposing.
• They are occupying significant spaces at sites of landfills.
• Their presence is spoiling the processing of recyclable and bio-degradable wastes.

Demolition and construction wastes have potential applications after grading and
processing [30]. Applications of demolition and construction wastes are quite common
in developed economies. The various state agencies and private bodies responsible for
the production of waste substances and materials need to separate the produced waste
products with potential for recycling or reuse in the future [31]. The engineers in charge
should ensure proper treatment of waste products generated from such developments,
utilize reclaimed concretes, and choose the materials and types of structures that are
appropriate for recycling and reuse. From building and construction, the generation of
wastes needs to be reduced [9]. The waste generation should also reduce the hazardous
effects from the generated waste materials.

In these processes of demolition and construction wastes’ reuse and recycling, differ-
ent sub-contractors, agencies, and bodies to be engaged are to be linked up in the steps [32].
The few steps include the collection and transportation of wastes, treatment of intermediate
wastes, which is receiving the wastes, their segregations, and further appropriate extensive
treatments before putting them into the applications [38]. There may be compliant contrac-
tors, or there may be important roles to assign. They need to create step-by-step demolition
programs and processes. At the beginning of the constructions, different sub-contractors,
agencies, and bodies need to report anticipated quantities of waste materials by types and
treatment plans. There is need for safe treatments of hazardous wastes such as asbestos and
effective use of reclaimed aggregate concretes [35]. During construction, the contractors
can be requested to submit an environmental management program.

To improve the rates of applications of demolished concretes for applications of
reclaimed aggregates, all information about construction and demolition wastes from those
involved in the process such as contractors and waste treatment firms should be submitted
in public domains [39]. This helps in reducing the quantities of waste materials and
promoting the reuse or recycling of the construction and demolition wastes. There should



Buildings 2021, 11, 234 11 of 19

also be a demolition plan. While demolishing structures and buildings, demolition plans
are needed to embrace systematic approaches to reducing wastes. A demolition plan
ensures the best application of construction and demolition wastes. A proposed strategy
may be to follow a series of household waste segregations as an initial stage, followed by
roof finishing, water-proof materials, exterior and interior finishing materials, and electrical
and mechanical equipment, and then the structures as last resorts [41]. Demolished debris
should be temporarily stored in designated areas for the demolition and construction
wastes or removed from the field immediately.

7. Developing Cooperation, Establishment of New Structures, and
Improving Capacities

Developing cooperation, establishment of new structures, and improving capacities
are approaches to establishing and promoting the development of sustainable, durable,
cost-effective, green concrete by utilizing recycled aggregates [29]. Additionally, the envi-
ronmental conservation agencies and authorities in different countries in the region should
network with other Asian environmental conservation bodies by establishing platforms for
collective responses to support the organized and transnational development of sustainable,
durable, cost-effective, green concrete by utilizing recycled aggregates [30]. They should
set collective proactive methods to strengthen the links and accentuate coordination at
national, regional, and international levels for the development of sustainable, durable,
cost-effective, green concrete by utilizing recycled aggregates. The coordinated and collec-
tive responses consist of project activities to reduce construction wastes [31]. The overall
collaboration program can help foster regional and global cooperation in Asia, establish
technical infrastructures, strengthen institutional capacities, and implement national strate-
gies for the development of sustainable, durable, cost-effective, green concrete by utilizing
recycled aggregates.

The development and establishment of national structures supporting the develop-
ment of sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates
can be reinforced through the execution of three programs, including strengthening the
capacity of waste services and other waste management bodies and strengthening the
State Services on Waste Control of different states in South East Asia and the Asia Waste
Control Agency in implementing trade and border control, specifically import and export
regimes [9]. Specifically, these programs aim to support the legal frameworks to support the
development of sustainable, durable, cost-effective, green concrete through the utilization
of recycled aggregates, coordination and mobilization of recycling activities, and effective
monitoring of waste situations in these countries. The frameworks of the development ef-
forts of sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates
envisage global cooperation improvements by strengthening the existing initiatives of
strengthening national cooperation and improving joint operational activities [41]. The pro-
grams aim to design national law enforcement capacities to support the development of
sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates.

Information sharing, analytical capacity building, and coordination in regional opera-
tions are supported via two programs, including strengthening waste management law
enforcement systems for waste management exchanges, collections, and analyses and estab-
lishing the Asian Coordination Center and Regional Information [32]. The establishment of
the Asian Coordination Center and Regional Information aims to help waste management
and recycling agencies in South East Asia by offering operational and technical waste man-
agement training analysts through creating ways to establish databases and information
sharing and deliver waste management systems [38]. Strengthening waste management
enforcement systems for information exchanges, collections, and analyses particularly
reinforce waste prevention and purposes to establish regional collaborations, coordination,
and information sharing among the waste management and recycling institutions of the
member countries. The international waste management and control program implements
activities in construction and building waste management [35]. The demolition waste
programs help the governments establish sustainable construction waste management
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systems for the development of sustainable, durable, cost-effective, green concrete by
utilizing recycled aggregates.

To coordinate diverse sub-regional stakeholders, identifiable and strong suprana-
tional leadership and leaders are essential given the different components of the effective
development of sustainable, durable, cost-effective, green concrete by utilizing recycled
aggregates approaches and robust reporting promotion [30]. The General Construction
and Building Waste Management Authority is a national body that undertakes governance
roles. The General Construction and Building Waste Management Authority leadership
needs to determine requirements and problems for effective construction waste manage-
ment strategies. The General Construction and Building Waste Management Authority
leadership makes policy suggestions to ensure the concretes available to the public are
safe [31]. The General Construction and Building Waste Management Authority leadership
should develop tools to detect, prevent, and control construction waste. The General
Construction and Building Waste Management Authority should strengthen regional and
national capacity for the integrity of supply chains of recycled concretes. The body should
promote cooperation, collaboration, and consultation among crucial agencies that include
partnerships with other waste management officials and institutions outside South East
Asia. The General Customs Authority should also encourage information sharing [29].
The agency should strengthen quality control regulatory capacity at regional and national
levels.

The South East Asian government should fund the development of sustainable,
durable, cost-effective, green concrete by utilizing recycled aggregates plans and pro-
grams to promote the spread of applications of recycled concrete aggregates [9]. To secure
time, personnel, and cash at the global level, construction waste as a public health problem
needs to be raised on the international agenda. For example, the current investments in
reducing construction wastes should be matched with proper control and monitoring [32].
Given the global trade and international laws, construction and building waste needs to
be on radars. Similar global attention is required on transnational promotion of recycled
concrete aggregates. From the factories generating recycled concrete aggregates to ven-
dors selling the concretes and aggregate, the concrete chains consist of a long distribution
chain [38]. The supply chain internationalization leads to significant complexities, offering
multiple entry points for poor quality concretes. Even nations such as Singapore and
Malaysia, with strict monitoring of the distribution and sales of cement and other concretes,
have had their efforts compromised by markets of poor-quality cements in the bordering
states [41]. Having tight state controls over the cement supply chains is one approach to
keep South East Asia from accessing poor quality building and construction materials.

In the development of sustainable, durable, cost-effective, green concrete by utilizing
recycled aggregates, success requires global, interlocking national and regional strategies
based on international cooperation [41]. South East Asian authorities and officers should
adopt comprehensive approaches and strategies to promote the development of sustainable,
durable, cost-effective, green concrete by utilizing recycled aggregates. The development
of sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates needs
to be supported on multiple fronts in a synchronized manner [32]. The development of
sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates efforts
need to be intensified. Alternative development programs should be sufficiently expansive
in scope and adequately funded to ensure their sustainability. Many of the achievements
will be due to deliberate steps taken to strengthen both the infrastructures and waste
management eradication efforts [35]. In the coming months, South Asian governments
should focus on offering alternative substitution concretes to ensure that their progress
toward construction and building waste-free environments is sustainable.

In the recent past, the parts played by research in evaluating and designing rules that
govern the development of sustainable, durable, cost-effective, green concrete by utilizing
recycled aggregates have become very important [29]. Research can carry out two primary
functions. Firstly, fundamental knowledge from science helps in identifying risk elements
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linked with the recycling construction wastes. Ascertaining risk elements is paramount in
designing programs for intervention and prevention of construction and building wastes.
Secondly, the researchers’ role is that which has been termed the “method of solving the
problem” [30]. This method has an origin that can be traced back to the commonly known
“Boston Project” that required the involvement of an agency carrying out research and
independent bodies as a critical party in the designing, implementation, and continuing
assessment of inventiveness. Convening for meetings that will enlighten the possible
development of sustainable, durable, cost-effective, green concrete by utilizing recycled
aggregates is very important in managing and controlling the production of recycled
concrete aggregates [31]. They have to know that communities will not endure wastes
that involve construction and building. The information should be passed on frequently
and directly.

The environmental compliance should be raised from 37% to 70%, and the pollution
of the environment caused by human and industrial activities has to be reduced [31].
The ecological inspection must be expanded and controlled to strengthen the monitoring of
sustainable environmental practice. This can be made possible by establishing a specialized
center. The polluted areas can be reduced by rehabilitating them by controlling and
managing those areas. The management of the chemical substances and wastes should be
strengthened to ensure that no chemical residues are disposed of in the environment where
they can be harmful to the health of the residents [9]. The National Program for Chemical
safety and Hazardous Waste Management must be activated to monitor the disposal of
such chemical wastes and substances to the right place where they will not affect the health
of the city’s residents.

This aims at developing and protecting the natural areas like islands, beaches, and
reserves [31]. It also aims at formulating an optimum environment to attract private sectors
and make them active in rehabilitating and maintaining those natural areas. It also seeks to
improve at protecting the Kingdom’s atmosphere from natural disasters through vegetation
to combat desertification and protect from pests and insects [9]. The national capability
to predict the natural hazards will be improved to ensure protection against economic,
human, and environmental effects. It also intends to develop of the biological resources
in the Kingdom to enhance sustainability by focusing on food security, labor availability,
and water resources. This will help the nation to strengthen its capacity to manage the
crisis effectively [9]. Some of the ministries involved in ensuring the sustainability of
vital resources include the Ministry of Environment, Water and Agriculture, authorities
in charge of wildlife, Health Ministry, and the Labor Ministry just to mention a few.
The government aims to achieve an integrated management of both renewable and non-
renewable water resources for sustainable use in the privatization of RCA production.
They aim at affecting the use of the available building and construction resources and
maximizing the use of recycled concretes [9]. This should develop the supply of building
and construction resources.

8. Best Practices and Strategies

The urban landscape in South East Asia should be improved by enlightening the
public and community spaces where people can relax on green grass [9]. Visual pollu-
tion should also be reduced such as landfills and the construction areas. Comprehensive
urban planning should be implemented to ensure the achievement of sustainable devel-
opment through city planning, management, and data-based integration. Effective urban
design standards and controls have to be developed to improve the urban environment
in the city centers. A sustainable, healthy environment has to be provided through the
development of the municipal control, management of wastes, and environmental sani-
tation [49]. Land management and protection should be developed by the inventory and
documentation of the land and the real estate companies.

There are no stable sources of materials for construction waste recycling firms because
of the absence of measures for transportation and mandatory dumping of construction
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wastes according to the study, leading to the revenue stability absence for factories involved
in production and also having certain effects on the market sustainability, for instance,
fixed construction waste recycling [9]. In the market, the sales price is not a hindrance
affecting market applications of RCA, since there are scenarios in which their costs are
lesser than products of common construction materials. It is more a market acceptance
factor of recycled concrete aggregates [49]. In the sector, the absence of accreditation
identification systems and uniform quality certification and their narrow applications
cause some marketing problems.

A variety of transformative programs are put in place to ensure the realization of
sustainable production of RCA [49]. First, South East Asian countries should restructure
their governments by organizing the various governmental practices through the prioriti-
zation of activities. As the vision realization process remains a regular practice through the
achievement of objectives throughout the period, the most urgent needs should be satisfied
within the given duration. To enhance the successful accomplishment of each program,
the governments need to have a strategy to manage each project with its resources [9].
The management at each level in every program remains questionable for every action or
failure. Co-ordination within each project remains an essential aspect of ensuring that all
efforts are gathered and maximally utilized to attain the desired goals. A central delivery
unit to oversee the entire project provides that all the stakeholders remain active in their
responsibilities [31]. As sometimes the vision achievement process utilizes the trial and
error method, bodies reformulating the existing laws to fix the ones that align with the
goals remain essential in the long run.

After everything is in place, a system to ensure that the instituted programs perform
as intended through a performance review program becomes essential [9]. The South
East Asian governments enhanced this practice by developing a committee to oversee and
assess the performance of the various sectors in productions of RCA. The program analyzes
all categories of the distinct segments within and without the governments. Such criteria
create conviction for the stakeholders that they have the sole mandate to perform [31].
The regulatory measures prevent misappropriation of funds by imposing the liability on
the various personnel, and everyone involved is prone to punishment according to the
existing law.

Implementation of the Experience Strategic Partnerships Program would become suc-
cessful from the various supportive responses from the different nations in the world [31].
For instance, the United Kingdom proposed total support for the partnership program with
Saudi Arabia. The U.K. support of pioneering investment powers strategic partnerships
with Middle Eastern countries including Saudi Arabia [49]. The Kingdom also proposes to
act as a center of dialogue to the world on deliberations to partner with Saudi Arabia for
the realization of production of RCA. A friendly foreign-investment environment has been
set out in the South East Asian territories. Security improvement as well as infrastructure,
especially in the major cities and towns, provides limelight on the great achievement
of the program implementation [9]. The technological developments resulting from the
partnership program have become facilitated by the concentration and restructuring of the
energy system and the telecommunication networks in South East Asian territories.

The increase in the standard of relationship is perceived as an avenue to elevate the
level of investment observed in the region [9]. South East Asian countries experience
Foreign Direct Investment (FDI), which has also resulted in a downward drift in the
production of RCA of the countries. Several ministries and authorities cited the need to
cooperate in the project of elevating the services. The elevation depends on the efforts to
advance the production of RCA. The partnership between the sectors is perceived as the
avenue to generate significant recycled concrete aggregates [31]. The increase rests on the
improvement of infrastructure, significantly of the services availed in the transport sectors.

The capacity to transform the strategic production of RCA in South East Asia into an
international producer is to relate with other continents [9]. South East Asian countries
should try to use the collaboration as a technique to heighten the multilateral relationship,
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such as the interaction with Australia, which observes an enjoyable relationship [31].
The two regions have strong interactions, which rest on the need to provide policies to
foster the ideologies of RCA production in the region. Furthermore, the people in the
countries should interact through education, which binds them together in institutions and
trading avenues. The relationship provides an opportunity to improve RCA production of
all states, since all the states practice aspects such as mining services, agriculture, education,
and construction. Therefore, the interactions employed by South East Asian countries focus
on the development of the countries and the attainment of RCA production goals [49].
The perceived relations affect the countries’ growth, promote the advancement of RCA
production, and increase recognition of South East Asian countries, placing them on the
list of the top-ranked 100 countries in production of RCA in the world.

9. Needful Investigations for Future Research

It is assumed that most of the deformation by creep is caused by the deformation of
the cement paste [64]. However, it was also found that the porosity of aggregates affects
the modulus of elasticity and thus indirectly affects concrete creep [65]. Studies on the
effect of using different types of NA on the creep behaviour of concrete showed significant
difference in creep strain [52]. As the aggregates’ elastic moduli decrease, which is the
case in RA, there is a greater stress on the cement paste and thus greater creep. For this
reason, it is vital that the quality of RA is evaluated in order to understand their role in the
creep behaviour of concrete. As previously mentioned, in the authors’ previous study [66],
they proposed a performance-based classification as a means to measure the quality of
RA. Later on, this knowledge was used to establish a relationship between the modulus of
elasticity and compressive strength of RAC [67] according to the EC2 [68]. It was found
that as the RA content increased, the moduli of elasticity decreased, and more so with
decreasing RA quality. By means of a statistical analysis, they also found that, for the same
compressive strength, RAC exhibited a maximum loss in elastic moduli similar to that
of concrete with sandstone. Considering the above information and given the scarcity
of data on the effect of RA on creep of concrete, it is suggested that further research is
undertaken on this matter. In future laboratory trials, instead of using RA without criteria,
researchers should measure the quality of RA, prior to concrete production, according to
the performance-based classification of RA [66]. This classification, apart from providing
an easy-to-use method for categorising RA by operatives in CDW recycling facilities
and ready-mixed concrete plants, has allowed predicting the mechanical behaviour of
RAC [67,69].

In conclusion, we would like to point out that mining is growing around the world,
causing serious social and environmental consequences and, thus, causing significant
resistance. Bisht and Gerber [70] provided the overview of non-fuel mining conflicts in
India. The analysis is based on 100 cases of conflict that occurred between 1992 and
2014. In each case, the location, mining operations, actors involved, reasons for the
protest, duration of the conflict, and results were recorded. The commodity causing most
conflicts is sand, which is widely mined and often carried out by illegal actors near rivers.
In contrast, resistance to metal mining tends to turn the local population against larger
corporations. Most resistance movements are composed of the lower strata of the rural
and/or indigenous population. The causes of such conflicts are largely environmental and
lead to the undermining of the livelihoods of local populations. India’s mining operations
are expected to increase over the next decade, and with it the number of related conflicts.
Based on the above, the recycling of aggregate is essential.

10. Conclusions

In conclusion, several policy recommendations and analyses are available. The policies
concerning the development of sustainable, durable, cost-effective, green concrete by
utilizing recycled aggregates provide exclusive challenges and opportunities in South East
Asia. On a constructive side of dealing with the issue in question, the rules provided by



Buildings 2021, 11, 234 16 of 19

South East Asian governments concerning the development of sustainable, durable, cost-
effective, green concrete by utilizing recycled aggregates issues are supposed to offer many
other chances for studying the consequences and promotion of recycled concrete markets.
Much should be learned regarding the activities and operations of the construction and
building wastes for effective and successful intervention strategies of the development of
sustainable, durable, cost-effective, green concrete by utilizing recycled aggregates.
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