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Abstract: Accurate estimation of emissions of greenhouse gases (GHGs) is required for making
effective climate change mitigation policies at the national level. Among major sources, municipal
solid waste (MSW) is an important source of GHGs, such as methane (CHy), generated during
the anaerobic decomposition of organic matter. In Viet Nam, the emissions of GHGs are not well
quantified, in particular from the MSW management system. In this study, we estimated emissions of
GHGs from the MSW management system of Ho Chi Minh City (HCMC), considering the current
waste management practices. In HCMC, landfilling has been a common practice of solid waste
management. About 85 percent of the total MSW generated in the city has been landfilled at two
landfill sites. Our estimates show that landfilling was the significant source of GHGs in HCMC, with
a net contribution of 781.05 kg CO,-equivalent (CO;-eq.) per tonne of MSW landfilled. From the
whole MSW management system, the direct GHG emission was 768.61 (kg CO;-eq. per tonne of
MSW) with avoided emissions of 72.47 (kg CO,-eq. per tonne of MSW) through composting and
recycling of MSW. The net GHG emission from the MSW management system was 696.14 kg CO;-eq.
per tonne of MSW (~1.665 million tonnes of CO,-eq. per year). The GHG emission data of this study
may be useful to policymakers for making effective climate change mitigation policies.
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1. Introduction

Atmospheric gases, namely, carbon dioxide (CO;), methane (CHy), nitrous oxide
(N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6)
are collectively termed as the greenhouse gases (GHGs). Their emissions are expressed in
terms of CO,-equivalent (CO;-eq.). GHGs absorb incoming solar radiation and outgoing
terrestrial radiation in the atmosphere and alter the radiative budget of the Earth. The
accumulation of excess energy in the Earth-atmosphere system results in several adverse
effects on the climate, including a rise in global average temperature, sea-level rise, glaciers
melting, agriculture production loss, ecosystem damage, and biodiversity loss [1]. CHy,
an important GHG, possesses 0.97 Wm~2 radiative forcings and an 84 global warming
potential (GWP, in 20 years of time horizon) [1]. Anaerobic decomposition of organic matter
is a major source of CHy in the environment.

Municipal solid waste (MSW) contains a large fraction of organic matter, such as food
waste, kitchen waste, garden waste, etc. The percentage composition of organic waste in
MSW varies with the lifestyles of people in Asian cities. For example, the percentage of
organic waste in the MSW of Jabalpur city was 39%, 47%, and 44% in the waste generated by
the higher-income group, middle-income group, and lower-income group, respectively [2].
The percentage of organic waste in the MSW of Thailand was about 64% [3]. The percentage
of organic waste in the MSW of Manila, Kuala Lumpur, Bangkok, Singapore, and Jakarta
varied from 35-70% [4].

In Viet Nam, total GHG emissions at the national level, without taking into account the
land-use change and forestry (LUCF), is 266,049.23 Gg/year in 2010, contributing 53.06%

Urban Sci. 2022, 6, 78. https:/ /doi.org/10.3390 /urbansci6040078

https:/ /www.mdpi.com/journal /urbansci


https://doi.org/10.3390/urbansci6040078
https://doi.org/10.3390/urbansci6040078
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/urbansci
https://www.mdpi.com
https://doi.org/10.3390/urbansci6040078
https://www.mdpi.com/journal/urbansci
https://www.mdpi.com/article/10.3390/urbansci6040078?type=check_update&version=1

Urban Sci. 2022, 6, 78

20f13

(a)

Industry,
7.96%

Energy,
53.06%

M Agriculture

Industry

from the energy sector, 33.21% from the agricultural sector, 7.96% from the industrial sector,
and 5.77% from the waste sector (Figure 1) [5]. In the waste sector, wastewater contributes
66.97%, followed by landfill 32.60%. GHG contribution from incineration is only 0.43%
(Figure 1). Thus, the landfilling of waste in Viet Nam is an important source of GHG
emissions, which requires attention in GHG emission reduction policies.

(b)
Solvent, i .
0% Others, 0% Others, 0% e ncmera:mn
- Landfill, ,0.43%
Agriculture 32.60%
33.21%
_Waste,
0,
>77% Wastewater
N Waste W Energy ,66.97%
M Solvent u Others M Incineration Wastewater W Landfill ® Others

Figure 1. National level GHG emissions in Viet Nam: (a) contribution from various emission sectors
(in %) and (b) contribution of various activities in the waste sector [5].

In our previous study [6], we quantified the solid waste generation in Ho Chi Minh
City (HCMC) and analyzed the composition and gaps with regard to current waste man-
agement regulation, economic policies, institutional arrangements, technologies in use,
infrastructure, capacity building, stakeholders’ participation, and financing mechanism,
and conducted SWOT (strengths, weaknesses, opportunities, and threats) analysis for the
MSW management system and proposed several recommendations.

In this study, we estimated emissions of GHGs from the MSW system of HCMC using
the GHG calculator for solid waste ver. 11-2013, developed by the IGES (Institute for Global
Environmental Strategies, Hayama, Kanagawa, Japan) [7]. The GHG emission data of this
study may be useful to the policymakers of Viet Nam in making climate change mitigation
policies.

2. Ho Chi Minh City

Ho Chi Minh City (HCMC) is located in the transition zone between the southeast and
southwest of Viet Nam. The city is divided into 24 districts with a total area of 209,506 km?
(Figure 2). The metropolitan area of HCMC is greater than Hanoi, the capital city of Viet
Nam. It is the most populous city of Viet Nam with a population of 8,993,082 (2019 census)
comprising more than 10% of the total population of the country. With rapid economic
development in the Southeast Asian region, HCMC is also experiencing rapid economic
growth. In 2019, the gross regional product (GRP) of HCMC was estimated at $61.7 billion
with a per capita income of $6862. The economic sectors in HCMC consist of mining,
seafood processing, agriculture, construction, tourism, finance, industry, and trade. The
city plays an important role in the economy of Viet Nam, accounting for about 21.3% of the
total GDP and 29.38% of the total revenue of the country.
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Figure 2. Location of Ho Chi Minh City (10.75° N, 106.67° E) in Viet Nam. The map (right side) is
adopted from ISSOWAMA (Integrated Sustainable Solid Waste Management) in the Asia project
report [8]. Zone 1 and Zone 2 (indicated with stars) are two major sanitary landfill sites in Ho Chi
Min City.

3. Methodology
3.1. Data Collection

Data for this study were collected from the Division of Solid Waste Management
(DOSWM) of the Department of Natural Resource and Management (DONRE), HCMC.
The data included organic waste (e.g., food waste) and recyclable waste (e.g., paper, plastic,
nylon, metals, glass, rag, scrab, cans, rubber, etc.), fabric, ebonite, wood, foam, hide,
demolition and soils, porcelain, carton, battery, cotton balls, etc. Detailed quantities of each
type of waste were given in our previous study [6] and the characterization of waste is given
in Section 4.2. As shown in Figure 2, there are two landfill sites in HCMC, namely, Phuoc
Hiep (Zone 1) and Da Phuoc (Zone 2). These landfill sites are equipped with heavy-duty
truck weighing machines. The weight of the waste generated in the city was determined by
subtracting the weight of the truck without waste from the weight of the truck with waste.
The segregation of waste into its different components, such as decomposable or organic
(e.g., food waste) and recyclable (e.g., metals, plastics, cans, etc.) was done manually at the
source of origin (e.g., houses), at the selected collection sites, as well as at the landfill sites.
Households are encouraged to segregate their wastes before disposal. The recyclable waste
was further processed, for example, by crushing it into fine pieces and sending it to the
recycling company, while the organic waste was either sent to landfilling or composting
facilities.

3.2. GHG Emission Estimation

The IPCC, in 2006, published the guidelines to quantify emissions of GHGs from
various waste management technologies and practices [9]. These guidelines are a well-
established methodology for the estimation of emissions of GHGs from waste management
practices and have been used extensively by many studies [10-14]: In the present study, the
GHG calculator for solid waste ver. II-2013 was used [7]. This model was developed using
the IPCC 2006 guidelines. The description of equations and schemes used in the model and
those applied in the present study are illustrated in Section 4.3.
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4. Result and Discussion
4.1. Waste Generation and Management Practices

Verma et al. (2016) have discussed in detail the waste generation and current man-
agement practices in HCMC [6]. In brief, the main sources of solid waste generation in
HCMC were domestic activities, contributing about 6800-7000 tonnes of waste per day;
followed by construction and demolition activities, contributing about 500-800 tonnes per
day; healthcare waste (20-25 tonnes per day), and hazardous waste (250-350 tonnes per
day) (Table 1). Adding the maximum value of the solid waste from each source category, the
total maximum solid waste generated in HCMC was about 8175 tonnes per day (Table 1).
About 85% of MSW generated in HCMC was mostly sanitary landfilled at two active
landfill sites, namely, Phuoc Hiep (Zone 1) and Da Phuoc (Zone 2), shown in Figure 2. The
remaining 15% of MSW (by volume) was used for composting. The sorting of MSW was
mostly done at the household level and at selected collection sites as well as at landfill sites.
The sorted organic waste was used for making compost. From one tonne of mixed MSW,
about 600 kg of compost was produced. In 2012, about 500 tonnes of organic waste was
processed for making compost per day [15].

Table 1. Main sources of solid waste in Ho Chi Min City.

Quniy e Teminge
1 Municipal solid waste (MSW) 6800-7000 85.6

2 Construction and demolition waste ~ 500-800 9.8

3. Healthcare waste 20-25 0.3

4 Hazardous waste 250-350 43

Total solid waste generation 8175

Data source: DONRE, 2014 [16].

4.2. Waste Characterization

The percentage composition of solid waste generated in HCMC is shown in Figure 3
and Table 1. The MSW occupies a large portion of the total solid waste generated in
the city, accounting for about 85.6%. Whereas the percentage of other waste sources is
comparatively less; for example, construction and demolition activities contribute about
9.8%, followed by hazardous waste 4.3%, and hospital and healthcare waste 0.3%.

Healthcare
(0.3%)

Hazardous
waste (4.3%)

/

Construction and
Demolition (9.8 ¢

Municipal Solid
Waste (85.6%)

Figure 3. Composition of solid waste generated in Ho Chi Minh City [16].
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The fraction of organic matter is crucial in solid waste for the production of GHG,
i.e., CHy through decomposition and degradation of organic matter. Figure 4 shows the
physical composition of MSW of HCMC, both dry weight and wet weight basis, expressed
in percentage. The components of MSW in HCMC were mostly contributed by households,
schools, restaurants, and hotels. Food waste is the largest component in the MSW, both on
a dry and wet basis, contributing 51.6% and 69%, respectively (Figure 4).
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Figure 4. Physical composition of MSW in Ho Chi Minh City (a) dry weight-basis and (b) wet
weight-basis (in percentage) (Data source: DONRE 2009 [17]).

Other major components in MSW of HCMC include plastic (16% and 25%), textile
(5% and 7%), and papers (3% and 4%) on a wet basis and dry basis, respectively. The
other minor components, which accounted for less than 0.5% in MSW of HCMC, were
considered negligible. Overall, the MSW of HCMC consists of 65-90% biodegradable
waste or organic waste and 10-25% recyclable waste, such as plastics, papers, metals; and
remaining non-biodegradable waste, etc. [6].

4.3. GHG Emission Estimation

The GHG calculator for solid waste ver. 11-2013 model included all possible processes,
namely, transportation, landfilling, composting, anaerobic digestion, mechanical biological
treatment, recycling, incineration, and open burning where possibilities of GHG emissions
exist. Table 2 illustrates the factors and default values suggested by the IPCC 2006 waste
guidelines. The same factors and values are used in the present study.

4.3.1. GHG Emissions from MSW Transportation

The transportation of waste from the point of generation to the treatment or disposal
site is a significant source of GHG emissions. The combustion of fossil fuels (diesel and
gasoline) in waste-transportation trucks, emits GHGs. To estimate the contribution of
GHG emissions from the combustion of fossil fuels during the transportation of waste, the
following equation was used.

Emissionst = Fuel (unit)/Waste (tonnes) x Energy (M]/unit) x EF (kgCO,/M]) €))

where, Emissionsr is the emissions of GHG in kg CO,/tonne of waste transported; Fuel
(units) is the total amount of fossil fuel (diesel in liters and natural gas in kg) consumed;
Waste (tonnes) is the total amount of waste transported; Energy (MJ/unit) is the energy
content in the fossil fuel (e.g., diesel 36.42 MJ/L, natural gas 37.92 MJ/kg); and EF is
the emission factor of fuel for CO, (e.g., diesel: 0.074 kg CO,/M]J, natural gas: 0.056 kg
CO,/M)).
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Table 2. Factors and default values used in the IPCC 2006 waste model [7]. The same values were

used in the current study.

Factor Unit Method of Deriving
Amount of mix waste disposal Tonne/month Amount/description
Amount deposited Gg/Year MSW disposal (tonnes/month) x 12/1000
. DOCpsw = % of food waste x 0.15 + % of garden waste x
Degradable Organic Carbon (DOC) bOC 0.43 + % of paper waste x 0.4 + % of textile waste x 0.24
Fraction of DOC decomposing under .
Anaerobic condition (DOCH) DOC; Recommended value is 0.5
k value is dependent on waste composition of location
. kmsw = % of food waste x 0.4 + % of garden waste x 0.17 + %
Methane generation rate constant k of paper waste x 0.07 + % of textile waste x 0.07 + % of
disposal nappies x 0.17 + % of wood and straw x 0.035
Half- life time(t1/2, years) h=In(2)/k Can be calculated based on derived k value
expl exp(-k) Can be calculated based on derived k value
Process start in decomposition year, M After 12 months

month M

Exp2

exp(-k((13-M)/12

Can be calculated based on derived k and M values

Fraction to CHy

F

The recommended value 0.5

The recommended value for the sanitary landfill with landfill

Methane oxidation on landfill cover OX cover is 0.1. for open dumpsites the OX value would be zero
According to management practices, this value can change,
MCF for the landfill /open dumpsite MCE MCEF values for managed (has landfill cover and liner),

unmanaged-deep (>5 m waste), unmanaged-shallow (<5 m
waste), uncategorized are 1, 0.8, 0.4, and 0.6 respectively.

As per the DONRE Report of 2009 [17], 235 trucks had been deployed for the trans-
portation of waste every day from the point of waste generation to the treatment or disposal
sites. These trucks mostly run-on diesel fuel and normally consume about 148,000 L of
diesel per day and transport 6481 tonnes of MSW per day in HCMC. Using Equation (1),
the estimated GHG emissions from the transportation of MSW was 6.15 kg CO;-eq. per
tonne of waste.

4.3.2. GHG Emissions from Anaerobic Decomposition of Organic Waste in Landfills

Landfilling is the most common disposal method of MSW in most cities of the
world [18]. It involves burying the waste in low-lying land where the decomposition
of waste takes place in an uncontrolled environment, which results in emissions of GHG
(mostly CHy). The IPCC (2006) guideline encourages the use of first-order decay (FOD) as
it estimates more accurate emissions since it reflects the actual degradation of waste in the
landfill site. First-order decay is as follows:

DDOC,, = DDOC,,(0) x e X )

where, DDOC,(0) is the mass of decomposable degradable organic carbon (DDOC) at the
start of reaction (f = 0 and ekt = 1); k is the reaction constant; ¢ is the time in years; and
DDOC,, is the mass of DDOC at any time. Using Equation (2), the mass of DDOC left (not

decomposed) at the end of the year in landfill sites was calculated as follows:

DDOC,,(1) = DDOC,,(0) x ¢ * (3)
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The calculation of the mass of DDOC decomposed into CH,; and CO, was made as
follows:
DDOC decomp(1) = DDOCy(0) x (1 — ™) @)

However, in actual situations, there was a possibility that decaying reactions might
have started in previous years of waste deposition in the landfill site. Thus, a separate
calculation for the deposition years was needed. To calculate the mass of decomposable
DOC (DDOC ;) from the amount of waste material, the following equation was used:

DDOC,,4(T) = W(T) x DOC x DOCy x MCF (5)

The amount of deposited DDOC,;,;; remaining (not decomposed) at the end of the
deposition year T was calculated as follows:

DDOC rem(T) = DDOC,,y(T) x {7k ® (13 = M)/12) (6)

and the amount of deposited DDOC,,, decomposed during deposition year T was calcu-
lated as:
DDOC 4c(T) = DDOC,g(T) x (1 — ¢ (7K ® (13 = M)/12), @)

The amount of DDOC,;, accumulated in the disposal site at the end of year T was
calculated as:

DDOC () = DDOC yyyem(T) + (DDOCpio(T — 1) x e ¥) 8
The total amount of DDOC,;, decomposed in year T was calculated as:
DDOC ugecomp(T) = DDOC ec(T) + (DDOCpya(T — 1) X (1 — e ) )
The amount of CHy generated from DOC decomposed was:
CHy generated(T) = DDOCpgecomp(T) X F X 16/12 (10)
The amount of CHy4 emitted from the disposal sites was calculated as follows:
CHy emitted in year T = (ECHy generateary — Rer)) < (1 — OX(1)) (11)

where, T is the year of inventory; W) is the amount of waste deposited in year T; MCF is
the CHj correction factor; DOC is the degradable organic carbon (under aerobic conditions);
DOC is the fraction of DOC decomposing under anaerobic conditions (0.0-1.0); DDOC is
the decomposable degradable organic carbon (under anaerobic conditions); DDOC,,,;(T)
is the mass of DDOC deposited year T; DDOC e (T) is the mass of DDOC deposited in
inventory year T, remaining not decomposed at the end of year; DDOC,;,4,.(T) is the mass
of DDOC deposited in inventory year T decomposed during the year; DDOC,,(T) is the
total mass of DDOC left at the end of year T, DDOC,,(T—1) is the total mass of DDOC
left decomposed at the end of year T — 1; DDOC,gecomp(T) is the total mass of DDOC
decomposed in year T; CHy generated(T) is the CHy generated in year T; F is the fraction of
CH,4 by volume in generated landfill gas (0.0-1.0); 16/12 is the molecular weight ratio of
CH4/C; R1) recovered CH4 in year T; and OX7) is the oxidation factor in year T (fraction).

Table 3 illustrates the estimated emissions of GHG from the sanitary landfills, including
both decomposition and operational activities. In HCMC, the total mixed MSW landfilled
was about 255,000 tonnes per month with a total landfill capacity of about 3,060,000 tonnes
per year. The decomposition of disposed MSW produced 113.62 Gg CHy per year or
37.13 kg CHy per tonne of waste landfilled. Converting the estimated CHy emissions into
GHG (CO»-eq.), the estimated emissions of GHG from the decomposition of landfilled
MSW was about 779.78 kg CO;-eq. per tonne MSW and adding the GHG emissions of
1.27 kg of CO;-eq. per tonne of MSW, estimated from the operational activities (fossil fuel,



Urban Sci. 2022, 6, 78

8of 13

such as diesel, consumed for operating the machines). Thus, the estimated total GHG
emissions from the whole landfill system were 781.05 kg GHG per tonne of waste landfilled
(Table 3).

Table 3. Estimates of GHG emissions from landfill activities in Ho Chi Minh City.

At the Sanitary Landfill (Decomposition)

Activities Quantity Unit

Total mix waste disposal at the landfill sites 255,000 tonnes/months

Total disposal capacity per year 3,060,000 tonnes/year

Methane emission from disposed waste 113.62 Gg/year

kg of CHy/tonne 37.13 kg of CHy/tonne
Conversion of CHy to CO;-eq 21.00 kg of CO,-eq/kg of CHy
GHG emission from landfilling/open dumping 779.78 kg of CO,-eq/tonne of waste
At the Sanitary Landfill (Operational Activities)

Diesel consumption for operating machineries at the landfill 120,000 L/month

Total waste handled at the landfill sites 255,000 tonnes/month

A diesel requirement 0.47 L/tonne of waste

The total energy in consumed diesel 17.14 M]J/tonne of waste

Default CO, emission factor for combustion 74,100 kg CO,/T]

GHG emissions due to fossil fuel consumption 1.27 kg of CO; eq/tonne of waste
Total GHG emissions from sanitary landfill sites 781.05 kg of CO; eq/tonne of waste

4.3.3. GHG Emissions from Composting

There are two major ways through which GHG emissions in composting take place,
namely, the use of energy (electricity and diesel consumed during the operation of the
composting facility) and the degradation and decomposition of organic waste. For the
calculation of GHG emissions from energy consumed in the operation of the composting
facility, Equation (1) was used. While for the calculation of GHG emissions from the
degradation of organic waste, the following equation was used:

Emissionpegradation = Eca X GWPcpa + E N2o X GWPN20 (12)

where, Emissionspegradation 1S the emissions from organic waste degradation (in kg CO, per
tonne of organic waste); Ecpy is the emissions of CHy generated during organic waste
degradation (in kg of CH4 per tonne of waste); GWPcpy is the global warming potential of
CHy (in 21 kg CO; per kg of CHy)%; En,0 is the emissions of N,O during waste degradation
(kg of N,O/tonne of waste) default value 0.3; and GWPy, 0 is the global warming potential
of N, O (310 kg CO, /kg of N,0)>.

Total GHG emissions from the composting activities were calculated by adding GHG
emissions from the composting facility operation and waste degradation processes, as
follows:

Total GHGcomposting = EmiSSionOpemtion + EmiSSiOnDegmdation (13)

Table 4 illustrates GHG emissions estimated from the composting activities in HCMC.
The total amount of food waste used for the compositing was 11,000 tonnes per month
and the amount of fossil fuel (i.e., diesel) used for the operation of the composting facility
was 64,000 L per month. The amount of compost produced was 4800 tonnes per month.
Using Equation (1), the GHG emissions from the operational activities were calculated
and the estimated value was 15.68 kg CO,-eq. per tonne of waste composed. Whereas
GHG emitted during the degradation of organic waste was estimated using Equation (12),
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the estimated emissions of GHG was 177.00 kg CO;-eq. per tonne. Adding the estimated
emissions of GHG from the operational activities and the degradation process, the total
estimated GHG emissions from the composting system was 192.68 kg CO;-eq. per tonne of
waste (Table 4).

Table 4. GHG emission estimates from composting activities in Ho Chi Minh City (data source:
DONRE, 2012 [15]).

Activities Quantity Unit

Total amount of food waste use for composting 11,000 tonnes/month

Tot.al.a.mount of fossil-fuel use for operational 64,000 L/month

activities

Total amount of compost production 4800 tonnes/month

GHG emissions from operational activities 15.68 kg of CO;-eq/tonne of waste
GHG emissions from waste degradation 177.00 kg of CO;-eq/tonne of waste
Direct GHG emissions from composting 192.68 kg of CO;-eq/tonne of waste
Av01c.ie.d GHG emissions from organic waste 892.30 kg of COp-eq/tonne of waste
landfilling

Net GHG emissions from composting (life cycle 699.12 kg of CO;-eq/tonne of
perspective) ’ organic waste

If the 11,000 tonnes of organic waste were sanitary-filled, instead of composting
each month, there would have been a significant amount of GHG emissions due to the
degradation of organic waste in the landfill sites. We estimated GHG emissions us-
ing Equations (2)—(11), mentioned in Section 4.3.2. The estimated GHG emission was
892.30 kg CO,-eq. per tonne of waste. Therefore, the composting of 11,000 tonnes of food
waste monthly avoided the emissions of GHGs of 892.30 kg CO,-eq. per tonne of waste.
Considering the life cycle perspective of the organic waste (if the waste was not utilized
as compost and landfilled), the composting facility avoided the net GHG emissions by
699.12 kg of CO,-eq./tonne of waste (Table 4)

4.3.4. Estimation of GHG from Waste Recycling

The recycling of waste is the best available and sustainable option for waste man-
agement. By doing so, not only the recovery of valuable materials can be done but it can
also avoid a significant amount of GHG emissions and harmful pollutants as well. The
recycling of waste provides immense socio-economic benefits to society, including a clean
environment and various kinds of employment for people. Therefore, incorporation of the
recycling process into integrated waste management can be the most valuable action to
drive the entire system towards sustainability.

In the case of HCMC, GHG emissions from the recycling activities were estimated
using the following equation:

GHGRgcycling =(FC x NCVgr x EFCOZ) + (EC x PEel) (14)

Emissionsgecycling is the emissions of GHG from recycling (kg CO,/tonne of recy-
clables waste); FC is the fuel consumption apportioned to the activity type (mass or vol-
ume/tonne of recyclables waste); NCVrr is the net calorific value of the fossil fuel consumed
(MJ/unit mass or volume); EFcp, is the emission factor of CO, by combustion of fossil fuel
(kg of CO,/M]); EC is the electricity consumption for operation activities (MWh/tonne
of recyclables); and EF,; is the emission factor of country grid electricity production
(kg COz-eq./MWh).

Table 5 shows the amount and percentage composition of recycled waste in HCMC.
The waste is normally bought by over 300 junk shops. On average, about 8813.7 tonnes
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of solid waste was recycled monthly in HCMC. The maximum quantity of waste recycled
was from papers and plastics, contributing about 3363.8 and 3794.2 tonnes per month,
respectively. Metals, which included aluminum, iron, zinc, and lead, were the next highest
quantity of waste recycled in HCMC, accounting for about 1124.3 tonnes per month,
followed by glass with a contribution of about 384.3 tonnes per month. Other solid wastes
recycled in HCMC were rags (36.7 tonnes/month), scraps (36.6 tonnes/month), nylon
(39.2 tonnes/month), and rubber (34.6 tonnes/month).

Table 5. Quantity of solid waste recycles in Ho Chi Minh City (data source: DONRE, 2007).

Quantity of Recycling of Waste (Tonnes/Month)

No. Type of Waste 202 Junkshops = Composition 100 Junkshops = Composition Total Waste Recycled
(Group A) (in %) (Group B) (in %) (A+B)

1. Paper 1696.8 55.7 1667 28.89 3363.8

2. Plastic 140.2 4.6 3654 63.33 3794.2

3. Nilon 39.2 1.3 - 0.00 39.2

4. Aluminum 40.9 1.3

5. Iron 1004.8 33.0 78.5* 1.36 * 1124.3 *

6. Zinc 0.1 0.0

7. Lead 0.01 0.0 - 0.1

8. Glass 48.3 1.6 336 5.82 384.3

9. Rag 36.7 1.2 - 0.00 36.7

10. Scrap 36.6 12 - 0.00 36.6

11. Rubber - - 34.6 0.60 34.6

Total 3043.6 5770.1 8913.7

* Total of Aluminum, Iron, and Zinc.

For the estimation of GHG emissions from the recycling of waste, the composition
of waste is needed. As shown in Table 5, there are two sets of data (Group A and B) on
recycled waste. The data in Group A were collected from 202 junk shops and properly
segregated into various components including paper, plastic, aluminum, steel, and glass.
On the other hand, in Group B data, only the metal waste was summed up. Therefore, to
avoid uncertainties, Group A data were used for the estimation of GHG emissions.

The estimated direct GHG emission from recycling activities was 1263.95 kg of
COy-eq. per tonne of recycled waste (Table 6). Recycling is a very complex process
that requires energy for sorting, transportation of recyclable waste from point of origin to
sorting sites and to the recycling facility, and recycling of waste. All these activities emitted
a considerable amount of GHGs. On the other hand, materials recovered from recycling
processes can be used to replace an equivalent amount of new materials and thereby avoid
a significant amount of GHG emissions. In the case of HCMC, recycling of 8813.7 tonnes
of solid waste monthly, avoided GHG emissions of 3181.13 kg of CO;-eq. per tonne of
waste recycled. By subtracting direct GHG emissions from indirect saving (or avoided) of
GHG emissions, the net GHG emission was (—) 1917.18 kg of CO;-eq per tonne of waste
(Table 6). The negative signs show that GHG emission was saved because of the recycling
of solid waste.

4.3.5. Net GHG Emissions from the Whole Waste Management System

The summary of estimates of GHG emissions from the whole MSW management
system of HCMC is illustrated in Table 6 and Figure 5a,b. The data included direct GHG
emissions from various MSW management practices, indirect emissions, i.e., saving or
avoiding emissions of GHG through applications of management technologies, and net
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GHG emissions. The net GHG emissions were estimated by subtracting the indirect
emissions (or savings) from the direct emissions.

Table 6. Summary of estimates of GHG emissions from various solid waste mismanagement activities
in Ho Chi Minh City including the whole solid waste management system.

GHG Emissions

Activity (kg of CO,-eq./Tonne of Waste) Total MSW GHG Emissions (Tonnes
Direct Indirect Emission  Net (Tonnes/Year) of CO,-eq./Year)
Emission Saving Emission
Transportation 6.15 0.00 6.15 2,365,565 14,548
Landfilling of mix MSW  781.05 0.00 781.05 3,060,000 2,390,013
Composting 192.68 —892.30 —699.12 768,000 —536,924
Anaerobic Digestion NA NA NA NA NA
Mechanical Biological NA NA NA NA NA
Treatment
Recycling 1263.95 —3181.13 —1917.18 105,764.4 —202,769.39
Incineration NA NA NA NA NA
Open burning NA NA NA NA NA
Whole System 768.61 —72.47 696.14 1,664,867.61
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Figure 5. Estimates of GHG emissions from the MSW management of Ho Chi Minh City (a) GHG
estimates include direct emissions, indirect emission saving (or avoiding), and net emissions from
various solid waste mismanagement practices including the whole solid waste management system
(expressed in kg CO,-eq. per tonne of waste managed); (b) net yearly emissions of GHG from the
whole MSW management system (expressed in million tonnes/year).

Table 6 and Figure 5a,b also include emissions of GHGs from the whole waste man-
agement system. As mentioned in Section 4.1, about 85% of MSW was landfilled in HCMC.
Thus, landfilling was the most prominent source of GHG emissions in MSW of the city
with a net contribution of about 781.05 kg CO,-eq. per tonne of MSW landfilled. Multi-
plying GHG emissions of 781.05 (CO,-eq./tonne of waste) with total tonnes of NSW (i.e.,
3,060,000) landfilled in one year, the estimated yearly emissions of GHG from the landfill
in HCMC was 2,390,013 tonnes of CO;-eq. per year, which is equal to 2.39 million tonnes
of CO,-eq. per year (Table 6). The waste management practices, such as composting and
recycling in HCMC also have shown direct emissions of GHGs. However, these waste
management practices have avoided a large amount of GHG emissions. Thus, the net
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GHG emissions from these two processes were negative. The estimated direct and indirect
savings (avoided) of GHG emissions from the whole MSW management system were 768.61
and —72.47 in kg CO,-eq. per tonne of waste, respectively. Whereas the net GHG emissions
from the whole MSW management system was 696.14 kg CO;-eq. per tonne of waste. By
summation of each MSW management process, i.e., transportation, landfilling, composting,
and recycling, the net GHG emission from the MSW management system in HCMC was
1,664,867.61 tonnes of CO,-eq. per year, which is equal to 1.665 million tonnes of CO;-eq.
per year (Table 6). To cross-check the GHG emission calculation, we also estimated the
yearly GHG emissions by multiplying the net GHG emissions (696.14 kg CO,-eq./tonne) by
the total MSW transported (2,365,565 tonnes/year) (Table 6). The estimated GHG emission
was 1,646,764.42 tonnes of CO,-eq. per year, which is equal to 1.647 million tonnes of
COs-eq. per year. The ratio of both calculated values of yearly GHG emissions was 1.01,
which shows that our GHG emission estimation for MSW of HCMC is to a large extent
correct.

However, our estimates of GHG emissions for HCMC may have some uncertainties
due to the errors in solid waste amount estimation. First, it may be noted in Table 6 that
the total amount of MSW transported from HCMC to the management sites was lower
than the total MSW handled at the landfill sites. This was because the landfill sites also
received a significant amount of MSW from other urban and sub-urban areas, in addition
to HCMC waste. Second, the data for waste management practices, such as anaerobic
digestion, mechanical biological treatment, incineration, and data for open burning were
not available for this study. Thus, if data from these activities had been included in this
study, the net GHG emissions could be slightly different.

5. Conclusions

This study estimated GHG emissions from the MSW management system of HCMC
considering the current waste management practices. In HCMC, about 8175 tonnes of
solid waste was generated per day in 2014, consisting of about 85.6% MSW. Landfilling
of MSW is a common practice of solid waste management in HCMC, with about 85% of
the total MSW landfilled at the two landfill sites and the rest 15% of MSW being recycled.
The MSW of HCMC contains 65-90% organic matter. The estimated results showed that
landfilling of MSW is a significant source of GHG in HCMC with a net contribution of
about 781.05 kg CO,-eq. per tonne of MSW landfilled, equivalent to 2.39 million tonnes of
COgy-eq. per year. The waste management practices, such as, composting and recycling of
MSW in the city also show direct GHG emissions but these practices have avoided a large
amount of GHG emissions. The emissions of GHGs from the whole MSW management
system including direct and indirect savings were 768.61 and —72.47 (kg CO,-eq./tonne
of MSW), respectively, while the net GHG emissions were 696.14 kg CO,-eq. per tonne of
MSW, which is equal to 1.665 million tonnes of CO,-eq. per year. The GHG emission data
of this study may be useful to the policymakers of Viet Nam for climate change mitigation
policies.
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