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ABSTRACT

Urbanization and rapid population growth lead to considerable
growth in generating municipal solid waste (MSW), with more
than 20 % construction solid waste (CSW). Recycling CSW can
save natural resources, land, social resources and reduce
environmental pollution. This study presents methods for
treatment and recycling of CSW for a case study in Ho Chi Mink
city. To achieve the objective, the following approaches are
implemented. First, construction solid waste in HCM city,

including source, amount, and composition, is briefly described.

Second, two ways of classification for treatment and recycling
of CSW are introduced. Last, treatment technology for CSW
components is presented. The result shows that the proposed
technique is promising to be applied for treating and recycling
CSW for long-term operation and minimizing environmental
impacts.

Keywords: Canstruction waste; recycled waste; waste treatment;
waste management.

TGM TAT

Da thi haa va gia tang nhanh dén st dan dén sur gia tang dang ke chét
thai ran da thi, vai hon 20% la chat thai rén xay dung. Viec tai che
chat thai rén xay dung co the tigt kigm tai nguyén thién nhien, dét dai,
tai nguyén cho xa hai va [am giam & nhim mai trudng. Nghin ciu
nay trinh bay céc phuong phap xir Iy va tai ché chét thai rén xay dung
cho mat nghién ctu dién hinh tai TP.HCM. D& dat duge muc tigu dé ra,
trinh tu céc bude thue hign nhu sau. Thir nhét, chét thai rén xay dung
trén dia ban TP.HCM bao gom nguén, lwgng va thanh phén rac duge
md t& mat cach tom tét dua vao dir ligu thuc t8 thu gom tai thanh pha
nay. Thir hai, hai cach phan loai réc hign hanh dang st dung cho viéc
x(r y va t&i ché chat théi rén duge gidi thigu. Cudi cing, cong nghé xir
Iy cho céc thanh phan chét thai rén xay dung dugc dé xudt. Tir két qué
phén tich cho thédy cang nghé xi Iy ndy ca trién vong duge ap dung dé
x(r I va téi ché chét thai rén nham muc dich hoat dang lau dai va gidm
thiéu tac dong dén mai truring xung quanh.

Tir khaa: Chat thai xay dung; chat thai tai ché; xir Iy chat thai;
quan ly chét thai.

1.INTRODUCTION

For annually growing about 80 million people, the world’s
population is predicted about 8.5 billion people by 2030 and 9.7
billion people by 2050 [1]. As an increasing population, it leads to
urbanization levels and consumption of goods, thereby resulting
in more produced waste [2, 3]. By 2050, the amount of municipal
solid waste (MSW) worldwide is estimated at about 3.40 billion

tons a year, which is 1.7 times larger than that produced in 2016 [4].

Generally, government and local authorities are responsible for
the MSW management from the collection to final processing.
However, most local governments fail to provide good service due
to some reasons [5, 6]. Especially in developing countries (e.g.,
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Vietnam or India), urbanization and speedy population growth
have led to a significant increase in MSW. It raises some important
issues that are safe collection, transportation, and treatment of
MSW for municipal management. Poor management of MSW
could result in a negative influence on public health and the
environment. As an example, in India, only 21% of MSW was
treated, while the remaining waste was disposed of without
treatment technologies [7].

As a simple and cost-effective method, a landfill is commonly
used to dispose of MSW [8-10]. Every year, thousands of landfills
are active, closed, and abandoned [11], such as nearly 100000 in
the U.S, more than 150000 in Europe, and more than 20000 in



China. According to the Statistics Yearbook of 2018, China has
about 660 sanitary landfills, with a treatment capacity of 3.5 million
tons per day. Long-term risk assessments [8] show that landfill
disposal has experienced environmental harm, in which soil
pollution via leachate leakage is one of the most common
environmental hazards in MSW landfill sites [12].

According to IK Co., Ltd. Korea, MSW composition can be
classified into construction solid waste, domestic waste, and
industrial solid waste, as shown in Figure 1. CSW is about 48%
(examined data in 2016) compared with other waste components
in MSW. The automatic technological lines have been applied for
treating and recycling CSW, as well as in many countries around
the world (e.g., Bezner waste management solutions in UK). As a
result, 98.1 %, 1.5%, and 0.4% of CSW is recycled, buried, and burn
1.5 %, respectively.

Construction solid waste
(48%)

Domestic waste
(13%)

Industrial wa
(39%)

Figure 1. Percentage of CSW in MSW in South Korea

In Vietnam, rapid urbanization, and population growth lead to
increasingly high amounts of waste. The amount of waste in 2015
is estimated to be over 27 million tons. The yearly growth rate of
MSW is about 8.4% for urban areas and about 5% for rural areas. By
2030, MSW volume in the whole country is predicted to be about
54 million tons.

In Vietnam, most CSW is classified using manual methods, as
examined at CITENCO (Ho Chi Minh City Urban Environment Co.,
Ltd) Ho Chi Minh (HCM) city. It is obvious that the quality of waste
classification is dependent on workers’ workmanship. Moreover,
construction waste comprises inert materials (e.g., sand, bricks, and
concrete) and non-inert materials (e.g., bamboo, plastics, glass,
wood, and paper). CSW is usually a mixture of both inert and non-
inert materials, thus challenging the segregation of the two
portions for waste treatment and recycling process.

As reported by CITENCO (2017), the components of reusable
materials after manual sorted CSW components still have various
impurities (e.g., small wood pieces, plastic, and paper), and it is
commonly used for backfill. It could lead to potential
environmental risks, as reported in the previous studies [12, 13].
Moreover, an increasing amount of CSWs and higher requirements
for the citizens and city administrators require studies on
treatment and recycling technology for CSW to ensure long-term
operation, cost-effectiveness, and minimization of environmental
impacts. In this study, a method for the treatment and recycling of
construction solid waste is proposed. To achieve the objective, the
following approaches are implemented. First, construction solid
waste in HCM city, including source, amount, and composition, is
briefly described. Second, methods for treatment and recycling of

construction solid waste are introduced. Last, treatment
technology for construction solid waste components is presented.

2. INTRODUCTION OF CONSTRUCTION SOLID WASTE IN
HCM CITY

2.1 Sources and amount of construction solid waste

HCM City is one of the major centers of economy, culture,
education, training, science, and technology in Vietnam. It is also
known as an industrial center and multi-sector services of the
region and Southeast Asia. According to 2017 statistics, HCM has
an area of 2,095.6 km? with 24 administrative units. Accounting for
one-third of Vietnam’s GDP, this dynamic city of over 10 million
inhabitants is on widely seen as one of the fastest growing markets
for technology and manufacturing in the region and the top
emerging property market in Asia-Pacific. CSW thus emerges as an
urgent problem that needs to be handled in order to create
favorable conditions for economic and infrastructure system
development of the city.

As estimated in 2017 (by CITENCO, the daily municipal solid
waste generated in the city is about 9500 tons, in which domestic
solid waste and CSW are about 8000 tons and 1500 tons,
respectively. In HCM, an increasing waste rate is about 5.5% per
year. Moreover, a small amount of CSW is collected for treatment
or recycling while a large amount is discharged into the
surrounding environment or freely transferred to local markets.

Sources and construction solid waste can come from activities
of new constructions or repairing housings. Currently, CSW (data in
2016 by CITENCO) was collected and transferred to 02 transferring
stations about 1250 tons per day. It meant that a significant
amount of CSW had not been collected yet.

It is estimated that domestic solid waste could reach more than
11000 tons per day (after 2022), in which the CWS is predicted
about 20% with an increasing rate of 5%. Moreover, daily CSW is
estimated can reach 2550 tons by 2025. Furthermore, the daily
mud from construction sites is about 250 m3. The mud volume is
forecasted about 500 tons per day by 2025 (according to the plan
for solid waste treatment in HCM city up to 2025 with a vision to
2050).

2.2 Components of construction solid waste

Currently, the proportion of CSW components in HCM City has
not been statistically surveyed. It is assumed that the composition
of CSW has similar parameters to the one at Dong-Nai province, a
relatively close region, and similar properties to HCM city.

According to the plan for solid waste management in Dong-
Nai province to 2030, the components of reusable materials in
CSW are 86.8 %, including broken concrete, smashed bricks, and
sand. Meanwhile, the ones of CSW in Hanoi are about 90%, as
shown in Table 1 (according to the report of the ministry of
construction, 2015). Figure 2 shows representative images of waste
components of CSW in HCM city.

As reported CITENCO 2017, the components of CSW at a
transferring station were listed in Table 2. The components used
for landing backfill are a composition of soil, sand gravel, brick,
mortar, and concrete. Debris used for backfilling construction sites
consists of 97.62% of reusable solid materials (see Table 2), as
shown in Figure 3. The components of debris still exist impurities
such as packaging, small pieces of wood, plastic, and paper.

On the other hand, compared to the debris proportion (90 %)
of the reusable materials of CSW in Hanoi (see Table 1), the debris
proportion (97.62%) is quite high (see Table 2). It could come from
a waste classification method, which depends on workmanship,
quality of waste, and capacity of transferring station. Furthermore,
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a large amount of sludge from foundation pits, drilling bored piles,
and other construction sites are also challenging for the treatment.

Currently, the collection and transportation of CSW in the
internal city have been conducted by CITENCO. Waste
classification can take place at transferring stations or at Da-Phuoc
site. Meanwhile, the waste collection and treatment systems in the
suburbs have not been completed yet. In fact, rare households
voluntarily transport construction waste to CITENCO's transfer
station. It meant that except daily 1250 tons of CSW collected and
treated with CITENCO, the rest freely transferred on local markets
or discharged into the surrounding environment could not be
controlled fully. This waste is commonly dumped in the periphery
areas and vacant lots.

Figure 2. Images of waste composition of CSW in HCM City

Table 1 Components of reusable materials in CWS components
in Hanoi

Ord Components Fractio Total
er n
1 Soil, sand, gravel 36 %
2 Brick and mortar 31% 90 %
3 Concrete 23 %
4 Metal 5%
5 Plastic 2% 9%
6 Wood 2%
7 Other 1% 1%

Plaster

Table 2 Components of reusable materials in CSW in HCM city (2017)

Component Quarter 1 Quarter 2 Quarter 3 Quarter 4 Proportion (%)
Debris (ton) 69647 87542 69087 78170
Backfill 14793 27354 30273 25756 97,62
Da-Phuoc site 54854 60188 38814 52414
Metal (ton) 7 25 28 33 0,03
Plastic (ton) 1 5 5 8 0,01
Wood (ton) 117 164 411 279 0,34
Trash residue (ton) 1424 1791 1419 1602 2,0
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Figure 3. Manual classified CSW used for backfill (taken in 2017 at waste transfer
station)

3. OVERVIEW OF METHOD FOR TREATMENT AND
RECYCLING OF CONSTRUCTION SOLID WASTE

According to the physical and chemical properties of waste,
manual sorting must first be completed, followed by magnetic
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separation, pneumatic separation, and water concentration. Figure
4 shows basic steps in the process of construction solid waste
collection treatment and recycling. In general, CSW from
construction sites can be collected with or without separation at
the source.

For the separated CSW at the source (see Figure 4a), after
demolishing construction, reusable or recyclable materials (e.g.,
iron, steel, paper, and carton) are collected separately to transfer to
recycling firms (for recyclable materials) or specialized firms
(reusable materials). The rest of the CSW volume is transported to
waste dumps. Then, the remaining CSW is sorted (2" time) to pack
and transport to waste recycling units. The method is applicable to
a small-demolished area since recyclable and reusable materials
can be collected quickly. However, the method could not be
suitable for large demolished works due to time-consuming,
unsafety for workers, and high environmental pollution.

For unseparated CSW at the source (Figure 4b), after
demolishing construction, waste is put on large tonnages to
transport to waste transfer stations. The tonnages should be
covered to minimize the effects of CSW on surrounding
environments during transporting process. At waste stations, CSW
is put into a general classification system and/or a conveyor system



to separate large and bulky materials. Then, the waste is sorted for
each component based on their characteristics (e.g., soil, gypsum,
flammable substance, wood, or debris) using combining manual
method and machine system. After separating, each package of
waste materials is packed to transport to the respective waste
recycling units. Figure 5 shows images of the systematic proposal
treatment and recycling strategy for CSW. The waste components
after treatment can be reused for construction works or destroyed
(burnt).

CSW
(simple classified)

\ 4
Transport to trash
dump

y A

The method of the unseparated CSW at a source is applicable
for large construction sites where construction waste volume at
the sites is huge. The advantage of the method is collecting
materials quickly, thus minimizing environmental pollution. The
process should be selected for collecting construction solid waste
in a large city (e.g., HCM city) to minimize the environmental
impact induced by the collecting and treating waste activities.
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FIGURE 4. Overview process of construction solid waste collection using treatment and recycling
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4, PROPOSED METHOD OF TREATMENT FOR
CONSTRUCTION SOLID WASTE COMPONENTS

After manual or machine-based waste separation, each
waste package component is transported to waste recycling
units. This section presents treatment technology for each
component, including waste concrete, wood, gypsum, metal,
construction sludge, and papers.

4.1 Treatment technology for waste concrete and broken
brick

For brick-type waste, the classification of undamaged bricks
is necessary since it can be directlv reused for retainina walls or

magnetic method

Debris Crushing 1¢

paving brick. Meanwhile, broken bricks can be used for backfill
or foundations of sidewalks. It is noted that treated broken bricks
can be used for paving brick in public areas.

For concrete-type waste, it can be used for backfill or
roadbeds. In addition, waste concrete is also used as raw
materials to produce unburnt bricks, or it can be used for
producing concrete aggregate (i.e, components of concrete
mixture), or used to make roadsides, trenches, sewers, or
pavement bricks.
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Figure 6. Schematic treatment technology for waste concrete and broken brick

The scheme of treatment technology for waste concrete and
broken brick is shown in Figure 6. It is noted that a waste concrete
with a size larger than 100 mm needs to be demolished before
being input into the treatment process. At first, concrete
aggregate, including other impurities such as papers, nylons, and
steel, is passed through a conveyor system before transferring to a
grinder machine system (1% crushing) to crush debris into smaller
size materials (less than 70 mm). After that, a magnetic system is
applied to obtain metals (e.g., steel and aluminum pieces)
remaining in the crushed waste. Second, the waste component is
then put into another grinder machine system (2" crushing) to
crush debris into smaller size materials (less than 50 mm). The
magnetic system is again applied to obtain metals. Third, the
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waste component is put into another grinder machine system (3
crushing) to crush debris into smaller size materials (less than 30
mm), before automatically sorting and cleaning using a
mechanical system. The wastewater is pumped into the water
treatment system, as seen in the figure.

After sorting and cleaning materials for the first time, the
coarse solid waste is put into a grinder machine system (4t
crushing) to crush debris into smaller size materials (commonly
less than 20 mm). The remaining metal in the waste composition is
separated using the magnetic system. The continuous process is
performed until eliminating all metals in waste compositions.
Finally, the waste composition is put into a filter system to obtain
floating materials (e.g., small foams). The rest of the waste



component (sinking materials) is screened using a vibrating
machine in order to classify into three groups, including the size of
smaller 20 mm, 10 mm, and 5 mm.

In the treatment process, recycling materials can be obtained
automatically using crushing and sieving systems. It helps to
facilitate the production of waste concrete, and it also reduces
most of the hard-to-treat waste in cities.

4.2 Treatment technology for wood

It is known that there are many waste woods coming from
construction activities and demolition of construction. A part of
the waste wood can be reused as a need of homeowners. Most of
most waste woods are treated for recycling activities such as
making walls, wood pulp, plywood, or even fuel. The treatment
and recycling of waste wood are commonly handled by
enterprises that come from a waste recycling area.

!

Figure 7 shows the wood recycling process with several steps.
First, inputting waste woods need to be cut into relatively small
sizes according to the processing equipment sizes. It is noted that
metals from waste wood should be eliminated before feeding into
a crushing system. The woods are chopped into smaller sizes of
wood pieces. The first sieve layer passes the standard chips, small
chips, and dust, and the long chips are kept to be chopped again.
The second layer of the sieve keeps the standard chips, and the
unsatisfactory chips and dust are transferred to the furnace (boiler).
Using standard wood chips, compressive and hydraulic jacking
systems are utilized to form basic poly wood sheets (i.e., step 1).
The poly wood sheets are then heated and treated to make the
final products, as seen in the figure.

It is noted that when waste woods consist of metals (e.g., steel
nails), the magnetic separation method should be applied to
eliminate them from the wood chips.

Waste woods > Chopping » Sieve + classifing > Cleal::hnii:m()d *» Drying wood chips
Plywood sheet | Treatment of Heating plywood Forming plywood . .
product plywood sheet sheet (step 2) sheet (step 1) Mixed with glue

Figure 7. Schematic treatment technology for waste wood

4.3 Treatment technology for gypsum

Figure 8 shows the scheme of treatment technology for
waste gypsum. At first, recycled gypsum is first passed through
specialized crushing and screening equipment, and it is
preliminarily sorted by manual method to separate certain
metals, plastics, and other debris. Second, the remaining
materials are then loaded into a large conveyor belt to separate

non-ferrous metals and ferrous metals using an electromagnet
system. Third, the non-ferrous materials are moved to the
closed processing area where waste papers are separated from
waste gypsum. Four, the separated gypsum is then shipped to
specialized manufacturers to form new drywall products. Lastly,
the waste paper is treated before being recycled for various
applications (e.g., toilet paper).

Waste gypsum
materials

Y

Chopping & sieve >

Manual
classification

Waste paper
materials

electromagnet-based
classification

A A 4

Gypsum factory

Waste gypsum Treatment and
materials recycling factory

A

Figure 8. Schematic treatment technology for waste gypsum

4.4 Treatment technology for construction sludge

Figure 9 shows the scheme of treatment technology for
construction sludge. A centrifugal sludge press machine is often
used to treat construction sludge. First, the machine is moved to
construction sites. Secondly, a specialized polymer is added to the
sludge to coagulate suspended colloidal materials, flocculate
suspended solids, and precipitate dissolved materials to separate
them from water. Then, waste sludge is fed into the machine
through a pressure vessel. Third, through valve and inlet pipes, dry
sludge particles flow into the cage through the accelerator fan.
Under the action of centrifugal force, most sludge is gradually
separated from wastewater, and the remaining sludge in
wastewater is also collected using the filtering system at the
bottom of the rotating cage.

At the same time, the wastewater is poured into the
container, and the treated sludge is moved from the small

hopper to the larger hopper by rotating the shaft automatically.

In the small hopper, the precipitated substances are pushed
out using the screw. Meanwhile, the sludge enters the large
hopper, it creates new sediment layers, and they are retained
using the filter devices. The sediment layer, after being
precipitated, is pushed out to make it dry. Finally, the dry
sediment is pressed using the screw system placed at the end
of the large water tank. After that, the sludge is pushed out of
the machine.

As seen in Figure 9, the outputs of the treatment process are
wastewater and dry sludge. So far, the wastewater from the
centrifugal sludge machine needs to be filtered using the pressure
method because the color wastewater is not satisfied the standard
of current wastewater criteria. After that, the treated wastewater
can discharge into the general collecting system of wastewater to
move to the water treatment factory. Moreover, dry sludge can be
mixed with other materials to be used for the backfill of
construction sites.
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Figure 9. Schematic treatment technology for construction sludge

4.5 Treatment technology for waste metals

After separating metal materials from CSW components,
metals are transferred to specialized recycling units in
accordance with regulations. It is noted that the steel scrap and
other metal materials can be directly reused, or they can be put
into a furnace to make other recycled metal materials. It is
estimated that about 90% of steel and 70% of aluminum are
reused or recycled. It reveals the demand for the recycling of
these materials.

4.6 Recycling of waste paper, cartons, and nylon

After preliminarily sorting using manual and machine to
collect paper, cartons, and nylon, the materials are packed into
separated blocks, and the packages are transferred to a
competent unit for the next recycling work.

5. CONCLUDING REMARKS

Ho Chi Minh City has about 1500 tons of CSW (data in 2017,
nearly 5 times the amount of MSW being treated at Hoa Phu
waste treatment complex of Vinh Long province is about 350
tons/day at now), the treatment CSW is an urgent problem for
this city.

In this study, the methods for treatment and recycling of
construction solid waste were investigated. First, construction
solid waste in HCM city, including source, amount, and
composition, was briefly described. Second, the two ways of
classification for treatment and recycling of construction solid
waste were presented to illustrate the advantages. Last, the
treatment technologies for construction solid waste
components were presented.

For the study, the following concluding remarks can be
drawn. First, the proposed technique is promising to be used
for treating CSW to minimize environmental impacts. Second,
the treatment technology for concrete debris can produce sand
and coarse aggregate from CSW with less manual work. Third,
depending on the equipment, the reused material after
demolition has heterogeneous properties, porosity, and lower
strength than natural aggregates. There should be general
regulations guiding and recommending the use of recycled
materials from the government or professional associations.
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