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Abstract. Many construction practitioners in developed countries are already
aware of reducing and managing construction waste. In Indonesia, it has not yet
become a primary concern. Typically, the priority still focuses on how to win
competitions instead and finish them on time with some profits. Whereas, the
volume of waste in the world continues to grow day by day. The aim of this study
is to explore best practices of construction waste management in developed
countries to be implemented in Indonesia. The objectives are; (1) to examine the
implementation of waste management in construction projects in developed
countries and (2) to identify context, drivers and barriers of the construction waste
management practices. A comprehensive literature review is conducted to address
these aim and objectives. The results show that in general, many developed
countries can reduce and manage their construction waste with supports from
stakeholders, the availability of regulation with strong sanctions, law enforcement
from the government, another supporting system, and high awareness from the
practitioners. Although each country arguably may have best practices due to the
local context, nevertheless these results may give insight and are useful for
stakeholders in the Indonesia construction industry.
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1. Introduction

The construction sector is one of the major contributors to global waste generation, which is up to 30%
of the waste ends up in a landfill [1]. Within construction activities, the appearance of solid waste
could not be denied [2]. Sending construction waste continuously into landfill allows impacts to the
environment. In China, large amounts of construction waste produced in recent years cause many
issues of environment, such as the decline of air quality, destruction of soil structure, water pollution
and damage the appearance of the city [3]. Greater awareness about waste construction and
implementation of better waste management are the key to reducing those impacts.

Solid waste construction has been explored by researchers and experts. They classify the waste
and find the greatest proportion of components related to the solid waste produced in the project. For
example, there are several types of construction waste found from three investigated projects in
Malaysia, which are timber, metal, concrete, mortar, packaging waste and bricks [4]. The largest
amount of waste produced is derived from wood material.
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There are many factors causing the production of construction waste. Recurrent design changes,
errors in design and construction detail, and waste from cutting uneconomical shapes are factors
contributed to waste generation [5]. Other factors that lead to construction waste generation are lack of
knowledge and experience in construction waste, purchase of materials which are unsuitable with the
specification, inappropriate storage causing to failure and rework [6]. Based on the fact, the
construction players have to concern about waste construction not only in construction phase but also
in design phase and take action in minimizing the waste.

Waste management becomes popular in developed countries. They begin to do reducing,
reusing, and recycling (3R) in their waste management model. They treat the waste especially in
construction becomes resources again. Although they have already started applying the 3R principle,
however, there is still construction waste dumped into the disposal area. Reducing waste production
can reduce the transportation costs and waste disposal [7]. In addition, the reuse of material considered
waste can also reduce waste dumped in landfills and impact to cost savings for construction projects.
At last, using recycled materials will protect the environment and reduce the use of natural resources.
Moreover, in developing countries, the amount of construction waste disposed into landfill is still in
large number. The impact of waste disposal not only pollutes the environment but also can contribute
to land constriction. In the future, there must be an improvement in the implementation of better and
sustainable waste management.

There are still few studies discussing the amount of construction waste generated in projects in
the construction industry in Indonesia. Construction practitioners in Indonesia rarely calculate the
amount of construction waste generation in their projects because it will add to the cost and time [8].
In several building construction projects in Indonesia, construction waste management efforts are
carried out by selling construction waste, using waste as a container, providing waste / residual
material to local residents or artisans and transporting non-toxic (non-B3) liquid waste in the form of
cement water to drainage channels around the project [9]. However, this method is deemed ineffective
in reducing construction waste and increasing construction waste recycling activities.

Minimizing construction waste generated from project activities can save the cost expended by

the contractor and also can increase the profitability of the company [10]. The existence of waste in
construction project indicates that there is a material which is damaged or not used. So there must be
additional costs to replace the damaged or unused material. Moreover, by minimizing the production
of waste will reduce the amount of waste sent into landfills, which reduces the use of landfill [11].
In Indonesia, policies related to waste are regulated in law no. 18/2008 on waste management.
However, the specific regulation critizing about construction waste management in Indonesia is not
available yet. Management of waste published on law no. 18/2008 only defines about three categories
of waste, which are:(1)household waste, which is garbage derived from daily activities in the
household, does not include feces and specific waste,(2)garbage is a kind of household waste, which is
waste originating from commercial areas, industrial areas. special areas, social facilities, public
facilities, ‘and other facilities.(3)specific waste, which is waste containing hazardous and toxic
materials, waste containing hazardous and toxic waste materials, waste arising from disasters, building
debris, waste that is not yet technically processed. and garbage that does not occur periodically.

In addition, regulations related to waste management in Indonesia is still focus on urban
waste.With the rapid growth in infrastructure building carried out by the government, the ministry
should create the rules to minimize and manage the construction waste in order to reduce the impact of
future problems.

The aim of this research is to explore lessons leamed from many developed countries’ waste
management implementation success story to be adopted in Indonesia. The objectives of this article
are: to examine the implementation of waste management in construction projects in developed
countries, and to identify context, drivers and barriers of the construction waste management practices,

(5]
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2. Methods

A comprehensive literature review is conducted to address the aim and objectives of this research.
Descriptive analysis was established based on the concept, principle, theory, data and information, and
policies related to construction waste management.

3. Results and Analysis

Construction waste management practices vary in different countries. For more developed countries,
construction waste has become one of the main problems due to high awareness of environmental
issues. On the other hand, many developing countries still focus on building and completing
infrastructure, that might cause different practices in their waste management. Table 1 summarises the
principles of construction waste management carried out by various countries. Here are some views of
how every country manages their construction waste.

3.1 United States

Construction waste issues have become a main focus on a project in many countries due to cost and
environmental awareness [10]. Many countries keep trying to formulate effective regulations that can
minimize the construction waste in order to protect the environment and to improve sustainability of
the construction industry. United States produces approximately 136 million tons of construction
waste [11]. Therefore, the government and other parties should give more attention to help reducing
the amount of waste generated from the construction industry.

There are several waste management models which are applicable in construction sites and
projects. From their research, Dajadian and Koch (2013) suggested two types of waste management
models that are suitable to be implemented in US [10]. The first model is using a separate
subcontractor for waste management. Besides making sure the project will be done properly, the main
contractor also has to consider about waste management and other things in the project. Having a
separate subcontractor to manage waste on sites can reduce the company’s responsibility on it. Waste
management (WM) contractor has responsibility not only in charge of managing waste management,
but also as an expert in estimating and calculating the amount of waste produced in the project. WM
contractor is specialized in managing problems related to construction waste and also has sufficient
staffs that are professionally trained and have comprehensive knowledge on construction waste. In
every week, WM contractor also hold a weekly meeting to report and discuss about all issues
according to waste management in the project.

Another recommended model is having a department of WM that will employ speciality staff.
The responsibility of WM staff is to manage waste and dispose of it properly. Besides managing waste
on site, this department also develop training sessions for the workers and improve their knowledge
according to construction waste types and disposal process. The WM department also has
responsibility in estimating the quantity of waste in the design stage, so that the planning waste
management can be created previously, and a significant cost will be saved during the construction
process.

A construction company which is having a better waste management can reduce the cost of
waste disposal as well as environmental pollution. The company that has better construction waste
record will have a better chance to meet the government regulations and contractual obligations.

3.2 United Kingdom
The construction industry in the UK contributes the largest proportion of waste dumped in landfills,
this is similar in other large countries [12].One of the key factors that play an important role in
reducing the amount of construction waste sent to landfills is the implementation of appropriate
regulations.

In their study. Ajayi and Oyedele revealed that waste management legislation and policies could
effectively encourage the minimization of construction waste. There are six points that can be applied
in the UK, which are (i) awarding of tax reduction and incentives to good waste performers and waste
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management companies; (ii) increased targeting of design phases in policies; (iii) extension of a
sustainable design assessment system by allocating more points to a proven measure of waste
performance; (iv) increase the firmness of legislative steps by requiring the use of proven efficient
waste design, procurement and construction; (v) strict fiscal policy improvement by increasing
penalties for poor waste performance; and (vi) strengthen policy requirements with enablers and
facilitators[13]. By implementing a strict policy, the amount of construction waste can be transferred
from the landfill.

3.3 Spain

The most generally waste management model implemented in construction sector in Spain are on-site
cleanliness and order, correct storage of raw materials, and prioritization in choosing the nearest
authorized waste managers [14]. Whereas, waste management practices which are often performed are
the use of a mobile crusher on site, the creation of individualized drawings for each construction site,
and the dissemination of the contents of the waste management plan to all workers, to help them to
meet its requirements.

34 Australia

Study in one of the remote areas in Australia, Alice Springs, showed that the method generally used in
managing construction waste is waste disposal to landfills [1]. Cost and time factors related to the
management of construction waste in the project (on-site waste management), industrial culture, lack
of knowledge, priority of the project to be able to compete, and lack of financial support are the
barriers factors in improving the construction waste management system.

3.5 Hong Kong

Construction waste from development activities become prolong serious problem at several countries,
including Hong Kong. In recent years, Hong Kong and related stakeholders attempt to craft policy
strategy to reduce construction waste in the landfill.

The study from Lu and Tam (2013) proofed that Hong Kong contributed by Construction Waste
Management (CWM) policy through concept of 3R and polluter pays. The policy creating policy
framework which is relevant and effectively worked to manage CWM in Hong Kong [15].According
to the “reduce, reuse, and recycle (3R)” principle,waste management tends to be performed in the
construction processes in Hong Kong by implementing several effort starting from avoidance,
minimization, recycling, treatment, and disposal. Before starting the construction process on site,
contractors have to create a waste management plan including waste reduction targets and
programmes. Contractors also need to organize on site sorting and proper waste disposal, if eventually
there is still waste produced.

In Hong Kong, construction waste is classified into inert and non-inert material, whereby the
inert materials, comprising mainly sand, bricks, asphalt and concrete, are deposited at public filling
areas for sea reclamation and land formation, while the non-inert materials, such as plastics, bamboo,
wood, paper and packaging material, are disposed at landfills as solid waste. It is important to
segregate these two parts [16]. CMW policies in Hong Kong have significantly increased sorting of
construction waste on site project [7]. But in realizing it also needs involvement from the parties as
well as site conditions. Site space indicates to the space used for on-site waste sorting. Since
construction waste is often the mixture of all kind materials which is not suitable for reusing or
recycling but generally disposed at landfills directly, on-site sorting is effective in gaining a higher rate
of reusing and recycling waste [17]. However, there is still remaining construction waste that needs to
be disposed of by the contractor to landfill.

In 2006, the Hong Kong government established a Construction Waste Disposal Charging
Scheme (CWDCS) based on the “polluter pays principle”. This scheme forces the contractor to pay
sum of money for the waste they produce. The tariffs are different due to the needs, such as for
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materials disposed to landfills, the construction waste accepted by off-site sorting facilities, and the
waste materials accepted by public facilities.

The CWDCS applied from 2006 has already shown positive impact for reducing construction waste
both on site and disposal at landfills [15]. The amount of solid waste in Hong Kong decrease from 40-
70 ton to 20 ton in recent years from 40-70 ton during the first half of the last decade.Nevertheless, it
is still necessary to consider other CWM regulations that can further reduce the waste production,
either through policy methods or waste technologies. or setting up that a certain level of waste
generation indeed is unavoidable in Hong Kong.

3.6 Turkey

In the last two decades, recycling of construction waste by facilities has been a reasonable alternative
to unsustainable disposal practices, i.e., landfilling and fly tipping [2]. The study from Ulubeyli et al.
(2017) showed that from an economic and environmental perspective, recycling waste management
systems are more sustainable than producing original materials. Recycled products can play a positive
role in a sustainable supply mix.

On the other hand, the implementation of the recycling process will also cause other problems,
such as noise and dust. The issue that is no less important is related to the transportation of materials
both recycled and those that will be recycled. This activity is a major aspect that consumes the largest
capital in the recycling process, which is 44% of all primary energy needs and it is an aspect that gives
the greatest contribution to environmental impacts (air pollution). Therefore, a supply chain for
recycled construction waste materials is needed to remain in the regional area because it will save
costs and the transportation process.

3.7 China

Managing construction waste is important effort in order to reducing the negative impact of
construction on environment. In China, construction waste is mostly disposed of in landfills and only
about 5% of the total waste is recycled [18]. There are various obstacles to the application of the 3R
principle in the construction waste management system in China. The absence of building design
standards that refers to the reduction of construction waste, low costs for construction waste disposal
(landfill) and improper urban planning are inhibiting factors in the implementation of reducing
principles. Meanwhile, an ineffective management system, immature recycling technology, a market
for construction and demolition waste (CDW) products that is underdeveloped and an immature
(growing) recycling market operation makes the principle of recycling difficult to implement.
Whereas, to implement the reusing principle in construction waste management is hampered by a lack
of guidelines for the effective collection and sorting of construction waste, lack of knowledge and
standards for reused CDW, and a less developed construction market. The effort that can be done to
improve these conditions in China based on the 3R principle is to design an effective circular economy
model, improve supervision of the producing causes of construction waste, adopt innovative
technologies and market models, and implement targeted economic incentives.

According to the research conducted by Lu and Yuan (2010), there are seven factors identified
as the critical success factor in managing construction waste, which are waste management
regulations, waste management system, awareness of construction waste management. low-waste
building technologies, fewer design changes, research and development about waste management, and
training in waste management [16].

3.8 Malaysia

Landfill is the main technique in disposing of construction waste in Malaysia. Only a few construction
practitioners apply the 3R concept in construction waste management [19]. In fact, waste management
that is often found in the Malaysian construction industry is illegal dumping activities [20].
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Study done by Rahim er al. (2017) found that illegal dumping activities in Malaysia were caused by a
number of factors, such as the lack of availability of construction waste management facilities,
knowledge and education, and the increasing in the number of construction and renovation projects
[21].

Table 1. WasteManagement in Several Countries

Country Waste Management

Some of the construction waste management practices that are
often implemented are [10]:

¢ Having a WM contractor

e Having a department of WM in the contractor company

United States

United Kingdom The construction industry in the UK contributes the largest
proportion of waste dumped in landfills [12].
Spain The most commonly implemented practices included [ 14]:

* On-site cleanliness and order
¢ Correct storage of raw materials
e Prioritization of the nearest authorized waste managers

Alice Springs (Australia)  The method generally used in managing construction waste is
waste disposal to landfills [1].

Hong Kong Waste management policies based on two principle, which are
[15]:
* 3R principle - reduce, reuse, and recycle
e Polluter pays principle

Turkey Some of the construction waste management practices that are
often implemented are [2]:
¢ Recycling the construction waste
¢ Demolition with recycling plants

Chongging (China) Generally using disposal methods. Chongging has sixteen
standard construction waste disposal plants. However, because of
remote distance, limited capacity. and lack of effective treatment,
approximately only 6 percent of construction waste will be
dumped into landfill sites, and the others are used for backfill,
mixed with solid waste disposal, and dumped anywhere. The rate
of construction waste recycling is about 5%, which is far under
the world average [22].

Malaysia The most waste management models implemented are [20]:
¢ [llegal dumping of construction waste
¢ Disposal methods into landfills

4. Conclusion

There are several factors that can help reduce waste production in the construction industry, including
construction knowledge related to environmental hazards, experience and expertise in managing
construction waste, andfinancial support of each company to deal with the waste that produced in
project. Moreover, policies related to effective waste management can also provide guidelines for
construction actors to take steps and knows how to reduce construction waste generated in the project.
In addition, the imposition of fines on the disposal of construction waste to the landfill can also help
the government in its efforts to reduce waste production in the construction industry.
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The results show that in general, many developed countries can reduce and manage their construction
waste with supports from stakeholders. the availability of regulation with tight sanctions, law
enforcement from the government, another supporting system, and high awareness from the
practitioners. Although each country arguably may have best practices due to the local context,
nevertheless these results may give insight and are useful for stakeholders in the Indonesia
construction industry.
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