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than ten million. The quantity of solid waste generated has been increas-
ing significantly over the past two decades, and the average generated

waste, Solid waste separation at source, Zero waste

solid waste was 1,164 tonnes/day in 1992 and 8,845 tonnes/day in 2017. DOI

Municipal solid waste (MSW) management has been considered as one https://doi.org/10.30852/sb.2020.966
of the most severe environmental problems as the quantity of solid

waste has increased while infrastructure for collection and treatment is DATES

not sufficient. The paper focuses on evaluating challenges and suggest- Received: 7 April 2018

ing opportunities for reducing the amount of waste disposal in landfills Published (online): 4 March 2020
through interception and separation of the waste at source. After the Published (PDF): 29 June 2020

waste separation, the biodegradable organic materials and recyclable

materials from MSW can be collected for further use. Based on the current

situation of MSW management, technologies such as composting, biogas This work is licensed under a Creative Commons
recovery and electricity generation either from anaerobic digestion plants Attribution-NonCommercial 4.0 International License.
or sanitary landfills are appropriate. Incineration for high calorific value

waste can be adopted for energy recovery. Effective recycling technol-

ogies to convert waste into valuable products seem to be a solution for

approaching zero waste for MSW management in HCMC.

1. INTRODUCTION HIGHLIGHTS

Ho Chi Minh City (HCMC) is a mega city with a total area of 2,095 km?. » Lack of infrastructure
HCMC has 24 districts, 19 urban and 5 rural. The total population is more and appropriate source
than 10 million, with a growth rate of 10.2% (Nguyen, 2013). According segregation are major issues.
to the social report of HCMC in 2016, the average gross domestic product » Waste composition from
(GDP) per capita was 5,700 USD (HCM People’s Committee, 2016). The households/markets indicates

more than 60% biodegradable

accelerated economic growth and rapid urbanization have resulted in : .
organic fraction.

serious municipal solid waste (MSW) management problems.

The quantity of solid waste generated has been increasing significantly » Waste segregation plays
from 1992 to 2017 (Figure 1). In 2017, the total waste generated was about ?n\gﬁlzlgrec;feg}c solid waste
8,845 tonnes/day (Department of Natural Resource and Management-Ho
Chi Minh City [DONRE], 2009). From 2010 to 2017, the solid waste growth 2 gf)mpt(_)Stlng ancl aga(i_rob}gl

. . . igestion seem to be feasible
rate was about 6—-8% per year, with an average solid waste generation fo%biodegradable organic
of about 1.07 kg/capita/day (DONRE, 2016). In addition, segregation at fraction.
source is not widely practised. Therefore, MSW management has been el LS mesmE A
»
considered as one of the most severe environmental problems as the incineration for high heating

quantity of waste has increased while infrastructure for collection and value waste can be adopted.
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FIGURE 1. Solid waste generation in HCMC from 1992 to 2017.

treatment is not sufficient. The Government of HCMC
has given priority to the problem and is interested in
promoting effective and appropriate technology in solid
waste management. The objective of this research is to
propose sustainable resource utilization techniques in
the rapidly urbanizing city. Challenges and opportunities
to address this issue are discussed in the paper.

2. METHODOLOGY

2.1 Baseline data collection

Collection of baseline data was undertaken between
October 2014 and June 2015. Both primary and secondary
data were collected from relevant sources. Data includes
characteristics of waste, generation rate, options for
waste management, and disposal technology, including
any reuse/recycling practices adopted.

2.2 Solid waste management option identification

Challenges and opportunities were identified in
order to draw management options. These options were
based on the current situation, composition, govern-
ment policies, facilities, technical skills, and financial
resources.

Waste Generators Collection at source

transfer and transportation

3. RESULTS AND DISCUSSION

3.1 Current situation of municipal solid waste manage-
ment in Ho Chi Minh City

The current solid waste management system of HCMC
is shown in Figure 2. MSW is collected and transported
directly or via transfer stations to sanitary landfills or
composting plants. Recyclable waste is separated during
the collection process at the source (households, offices,
schools, and business units) by residents and informal
collectors.

According to DONRE (2016), the collection rate of
MSW in HCMC achieved 100% in inner city areas and 95%
in suburban areas. At present about 68.6% of collected
solid waste is disposed of in sanitary landfills, 24.5% of
collected solid waste is disposed of in compost plants,
and 5.7% in incinerators.

3.1.1 Generation and storage

Generation sources of MSW are residential areas
with 2 million households, 346 business units, 354,661
units of hotels/motels, 12,502 medical units, 4,730
offices, education and training organizations, and about
12,000 industrial factories and enterprises. Households
generate 57.9% of MSW (DONRE, 2011).

At present, no separation of MSW takes place at the
source. However, most households separate valuable
waste such as cans, plastic, paper, etc., from their waste
and sell to waste buyers. In general, the critical points
related are the high amount of commingled solid waste
generated, no standard containers for storage, limited
space in households for placing containers, high amount
of leachate and malodour generation, and lack of public
awareness.
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FIGURE 2. Current solid waste management system in HCMC.
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Composition Results (%ww)

Households Schools Market Sanitary landfill | Composting

plant
2009® 2015 © 2017 © 2009 @ | 2015 © 2009®@ 2015 © 2012 © 2014 ® 2015 ©

Biodegradable 74.3 64.8 59.2 28.7 25.5 86.8 87.8 68.9 67.9 53.2
fraction
Wood, straw 2.8 0.9 2.4 6.9 - 3.6 1.4 0.7 0.3 1.0
Paper 6.2 5.1 6.4 17.6 35.0 2.5 1.9 3.0 2.5 5.7
Plastic 5.2 10.5 10.9 25.9 34.9 4.3 7.5 16.0 16.4 12.9
Textile 1.0 3.2 4.0 11 1.0 0.4 - 5.0 7.2 10.7
Leather 0.2 - 0.6 0.1 - - - - - -
Rubber 0.9 0.9 2,0 1.4 - 0.4 - 0.7 0.7 0.7
Glass 1.3 1.4 2.6 0.5 1.2 0.2 - 1.2 0.2 1.7
Nonferrous metal 0.7 0.6 2.7 2.1 - - - 1.6 3.6 0.3
Ferrous metal 0.3 0.2 2.8 0.7 - 0.3 0.1 - - -
Porcelain 0.8 0.5 2.8 0.6 - 0.1 - - - 2.4
Soil, sand 3.2 2.8 - 4.0 - 1.0 1.2 - - -
Ash 0.4 - - - - - - - - -
Styrofoam 0.3 1.0 3.0 9.8 1.5 0.4 0.2 - - 0.8
Diaper 1.8 8.1 0.6 - - - - 2.3 0.6 10.7
Clamshell 0.8 - - - - 0.2 - 0.8 0.6 -
Hazardous waste 0.002 - - 0.1 - 0.1 - - - 0.1

TABLE 1. Composition of municipal solid waste generated in HCMC from 2009—2017. Note:

“-” none in this composition; ww — wet weight.

Sources: DONRE (2009) (a), HCM Climate Change Bureau (2014) (b) and CENTEMA (2012-2017) (c)

3.1.2 Solid waste collection and transportation

Collection, transfer and transportation of solid waste
in HCMC are carried out by two systems: public and
private systems. The public system consists of HCMC
City Urban Environment Company Limited (CITENCO)
and 22 District Public Work Service Company Limited
(DPWSCLs). The private system consists of informal col-
lectors and cooperatives. Collectors in the private system
collect 60% of solid waste while those from the public
system collects the remaining 40%.

One major problem is that collection equipment is
not standardized. This is especially true for equipment
used by informal collectors. Other problems include
narrow transport pathways in dense areas; non-stand-
ardized collection facilities and lack of safety facilities;
lack of collection skills and the practice of separating
recyclable waste, which causes delays in collection time
and generates pollution; lack of monitoring and control;
and non-integrated management.

HCMC has 33 transfer stations with a total design
capacity of 5,477 tonnes/day. According to the annual
report of DONRE (2014), 100% of waste generated was
collected, transferred and transported. However, waste
transfer and transportation is complex and inadequate
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for the following reasons: (1) there are many companies
involved in this activity and who work independently
from each other making it difficult to organize and
integrate the transport activities and routes; (2) inade-
quate infrastructure, such as narrow and poorly paved
routes, non-standardized collection cars/trucks, lack
of meeting points and insufficient transfer stations; (3)
lack of tools, guidelines, regulations to support the waste
transport system; (4) poor management capacity; and
(5) insufficient funding.

3.2 Waste characteristics

The survey results from 2009 and 2017 show that
different sources have different waste characteristics
(Center for Environmental Technology and Management
[CENTEMA], 2009; CENTEMA, 2017). Most of the fraction
is biodegradable organic fraction. Recyclable fraction
varies depending on the source, as shown in Table 1. In
addition, household hazardous wastes (HHW) are also
present in MSW.

3.3 Solid waste reuse and recycling

Based on the characteristics, composting and
recycling of valuable materials are adopted in the study.
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3.3.1 Composting

At present, there are three composting plants: (1)
Vietstar with a capacity of 1,200 tonnes MSW/day; (2)
Tam Sinh Nghia with a capacity of 1,000 tonnes MSW/
day; and (3) Vietham Waste Solution (VWS) Company
with a capacity of 1,000 tonnes MSW/day. If three com-
posting plants were to run at full capacity, 100% of the
biodegradable organic fraction of generated MSW would
be treated to produce compost. However, VWS Company
is not operating because solid waste is not separated at
source. The input of two composting plants is commin-
gled waste and therefore, the separation process has to
take place after transport, which is complex, costly and
requires a lot of labour. An abundant component in MSW
is plastic, which needs to be removed before the waste
is composted. At Vietstar and Tam Sinh Nghia plants
plastics are separated, cleaned and processed into plastic
pellets, which contribute to the income of the plant.

At the Vietstar and Tam Sinh Nghia plants, aerated
static pile composting (windrow composting) technol-
ogy is used. Currently, the capacity of the Vietstar plant
is 1,200 tonnes/day, in which 773 tonnes of solid waste
are for composting, 7 tonnes of solid waste is recycla-
ble plastic, and 420 tonnes are non-recyclable materials
for disposal at the Phuoc Hiep No.3 sanitary landfill. The
capacity of the Tam Sinh Nghia plant is 1,000 tonnes/day,
in which 350 tonnes/day is for composting, 50 tonnes/
day for recycling plastic, and 600 tonnes/day for inciner-
ation (DONRE, 2015). As mentioned, the input of all com-
posting plants is commingled waste; thus the compost
product contains amounts of hazardous household
waste, glass and plastic, which results in a decrease in
the quality of compost making it very difficult for market
sale. For this reason, poor quality compost is used for
levelling sulphate contaminated areas to improve the
landscape and soil quality.

3.3.2 Recycling

The amount of recyclable waste collected is about
1,400 to 1,800 tonnes per day (Nguyen, 2015). The recy-
clable waste such as plastic, paper, glass, and metal
are collected at several stages of the collection chain at
households, at meeting points, during transport and
at composting plants. After separating the recyclable
from households, the waste is sold to waste buyers first,
and then to junk shops followed by selling to large junk
shops or recycling facilities. Most of this recyclable waste
is processed by local recycling facilities and some recy-
clable waste, such as plastic and metal, are exported to
China (Nguyen, 2015). Additionally, recyclable waste is
sent from other cities and provinces in the vicinity for
processing. HCMC has about 1,100—-1,200 junk shops and
740 recycling facilities that recycle about 2,000 tonnes
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of recyclable waste per day. This system also creates jobs
for 16,000-18,000 unskilled labourers.

3.4 Solid waste disposal

The ratio of MSW disposed at sanitary landfills
accounts for about 68% of total solid waste collected. This
is higher than the target in the HCMC 5-year plan (2010-
2015), which is 40%. At present, two sanitary landfills
are in operation. First, Da Phuoc solid waste treatment
complex, owned by California Waste Solution Company,
operates at a capacity of 5,000 tonnes/day (increasing
from 3,000 to 5,000 tonnes/day in 2015). Most of the
solid waste generated in HCMC is transported to Da
Phuoc sanitary landfill for disposal. Second, Tay Bac Cu
Chi solid waste treatment complex owned and managed
by CITENCO, operates at a capacity of 2,000 tonnes/day.
This landfill receives the remaining solid waste from the
Vietstar plant. Both landfill sites are designed as sanitary
landfills.

However, filed complaints
regarding odours and the quality of effluent discharged
from treatment systems as they do not meet effluent
standards of Vietnam.

inhabitants have

3.5 Challenges and opportunities for sustainable solid
waste management

3.5.1 Challenges

Major challenges in the current MSW management
system are presented in Figure 3. Due to low public
awareness, waste segregation is a major challenge. As
such, most of the MSW is currently not separated at
source. Further, the absence of refuse bins for specific
waste type (e.g. recyclable waste and organic waste) also
hinders waste segregation. During waste collection by
the informal sector, both recyclable and organic waste

Lack of
infrastructure
Institution and Lack of human
policy for solid waste ' resources
management
\ /
Insufficient
Challenges —_ budget for
Low waste — solid waste
collection fee management

J e

Lack of participation in
waste segregation at
source due to low
awareness

Limitation of
technology

FIGURE 3. Challenges in solid waste management practices in HCMC.
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FIGURE 4. A proposed solution for a zero waste management system in HCMC. Note: remaining fraction includes non-recyclable waste (high calorie

value solid waste: diapers, rubber, and Styrofoam) and non-organic solid waste (porcelain, clamshell, ash, soil, sand).

are dumped together into containers, which discourages
people from segregating the waste.

Limited availability of technology is a major
challenge in implementing solid waste management,
and solid waste treatment technologies currently used
are sanitary landfills (68.6%), compost production
(24.6%) and incinerators (5.7%).

Financial constraints and a lack of human resources
also present a major challenge in implementing solid
waste management. The amount of revenue collected
from the services provided by the municipality is less
than the amount invested for collection, transportation
and disposal of solid waste. Therefore, the current form
of solid waste management is unsustainable in the long
term.

3.5.2 Opportunities

The results from this study on MSW management in
HCMC from 2009 to 2017 show that many opportunities
exist for sustainable MSW management and are listed
below:

» Biodegradable organic fraction is approxi-
mately 65% in domestic solid waste and, if it is
well separated at source, it can be used as a raw
material for compost or fermentation processing
instead of disposing at the landfill.

» The potential agricultural demand for organic
fertilizers and soil conditioners is very high
and exceeds actual production capacity. High
biodegradable organic fraction (64.8-74.3%),

15

composting technology and anaerobic digestion
technology with collection of biogas, is the most
sustainable technology for the utilization of solid
waste. Non-recyclable waste with high calorific
value is suitable for incineration or refuse-de-
rived fuel (RDF) technologies with an energy
recovery system.

The network for recycling activities is very large,
including 740 private facilities recycling about
15-20% of MSW collected. Recyclable compo-
nents including paper, plastic, and metal, can be
recycled to create new products.

In order to obtain pure biodegradable organic
and remain fractions, solid waste separation at
source (SWSAS) plays an important role in inte-
grated solid waste management. Separating MSW
at source can be applied at various levels through
media campaigns and educational programmes.
In Viet Nam, there are many social organiza-
tions such as Women’s Union, Young Communist
League, Veterans’ Union, and HCM young pioneer
organization. These social organizations can play
a leading role in the implementation of SWSAS
programs.

Viet Nam has a policy to increase the use of green
energy. The unit price for electricity produced
from biogas is 7USD/kW and from incineration is
12 USD/kW. This policy can encourage the use of
waste treatment technologies such as anaerobic
digestion technology with biogas collection and
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incineration technology with energy collection.

» HCMLC has established policies to support SWSAS
programs, encouraging investment on tech-
nologies for recycling solid waste with energy
recovery.

3.6 Set targets for MSW in HCMC from 2016 to 2025

According to the decision No. 491/QD-TTg dated 7
May 2018 on the adjustment of National strategy on inte-
grated solid waste management for 2025 and vision for
2050, the Government of HCMC has developed a program
to minimize environmental pollution for HCMC every
5 years. The targets of solid waste management in the
period 2010-2015 were: sanitary landfill 40%, compost-
ing 40%, recycling 10%, and incineration 10%. However,
these targets have not been achieved as they are too high
when compared to infrastructure conditions, level of
available technology, and human resources in HCMC.
In June 2017, HCMC People’s Committee promulgated
a Resolution on “Urban environmental protection and
waste management in the HCMC” with targets of solid
waste management to 2020. Following the Regulation,
sanitary landfill technology will reduce to 60% and other
technologies will increase to 40% including recycling
of waste (paper, plastic, metal, glass, construction
waste), incinerator, and biodegradable waste to produce
compost and biogas. In 2025, sanitary landfill tech-
nology is expected to be 25%, with other technologies
increasing to 75%.

According to the quantity and composition of
generated solid waste and set targets for MSW in HCMC
for 2025, the proposed solution for zero waste manage-
ment is presented in Figure 4.

4. CONCLUSIONS AND RECOMMENDATIONS

A proposed solution for a zero waste management
system in HCMC for sustainable resource utilization
is drawn based on the current situation, composition,
national policies, and targets for MSW management. It
canbe adopted for reducing the amount of waste entering
into landfill. The solutions are in line with the govern-
ment policies and take into consideration socio-politic,
environmental and economic aspects.

Based on the proposed solution, the majority of waste
can be intercepted and converted to energy and compost.
Recyclable fractions can be collected after effective
source separation and this will benefit the participating
community. Other incentive schemes such as shared-in-
come, tax reduction or award systems, can be developed
to ensure the sustainability of the project.

However, the proposed solution will be success-
ful when government policies are directed towards
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sustainable waste management. The Government of
HCMC should promulgate policies that will encourage
recycling activities. Financial support should be provided
totherecycling sector toimprove existing recycling facil-
ities or for investment in new facilities with advanced
technologies. In terms of technologies, incineration,
anaerobic digestion, and RDF are suitable options for
MSW management in HCMC. The government should (1)
promote a clear and simple investment regime; and (2)
develop infrastructure that will merge energy generated
from MSW into the national grid.

One of the main aspects to achieve waste manage-
ment leading to zero waste is separation at source. For
HCMC, the SWSAS program is proposed and factors that
will ensure successful implementation of the program
are as follows:

» Increase the participation of authorities at all
levels (city, district and ward) as well as social
organizations.

» Ensure strong leadership for the implementation
of SWAS.

» Issue legal documents to serve the SWSAS
program that includes: (1) regulation on classi-
fication and storage at source; (2) collection at
source and from streets; (3) transit and transport;
(4) reuse and recycling; (5) policies; and (6) par-
ticipation of social organizations.

» Establisharegulation on management of informal
MSW collection sector, handling of waste by this
sector, and punishment for violation. Effective
management of informal collectorswill contribute
significantly to SWSAS program implementation.

» Capacity building programs for human resources
involved in solid waste management should be
developed and implemented. Strengthening
capacity of staff at all levels, especially at
community levels, can be of great value.

In addition, the public can play an important role in
effective MSW management. They can play an important
role in separating waste at source, waste reduction, and
recycling, which are essential to achieve a zero waste
management goal. In order to replicate the implementa-
tion of the project in other localities, lessons learnt from
the implementation of the program in HCMC should be
analysed and factors affecting successful implementa-
tion should be identified and adapted to local conditions.
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