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Abstract. This study has purposes calculating GHG emissions using the IPCC calculation
methods (default) to estimate the potential for GHG emissions in the reduce, reuse, and recycle (3R)
activities in integrated temporary waste storages (ITWSs), waste transportation, and the Jatibarang
landfill. The results of this study indicate that the landfill activity has the greatest value of GHG
emission potential compared with other activities. Optimization of 3R activities at the landfill site
is also considered capable of reducing the GHG emissions of the existing waste by up to 75%

without composting.

Keywords: integrated temporary waste disposal, IPCC methods, Jatibarang Landfill, LandGEM
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1. Introduction

Organic waste dumping can result in the release of tons
of methane (CH4). Nevertheless, waste composting
contributes to CO, and N>O emissions in smaller amounts
compared with the anaerobic process in landfillsb.
Methane gas is produced from the breakdown of organic
materials present at the final disposal site, which can reach
around 50%—60% of the total gas produced?. This gas has
a greater global warming potential (GWP) than carbon
dioxide; its GWP is about 28 times that caused by CO; in
100 years®. Methane is produced by various emitters on
earth, both by natural and anthropogenic sources. As with
CHa, N>O comes from natural and anthropogenic sources.
The main anthropogenic sources are agriculture, the use
of animal fertilizers, waste management, the use of fuel in
mobile and stationary sources, adipic acid production
process, and nitric acid production. Nitrous oxide is also
produced naturally from various biological sources in soil
and water, especially from microbial activities in wet
tropical forests, where N>O is formed in the aerobic
composting process?. The Kyoto protocol convention
states that the concentration of greenhouse gases (GHGs)
including N>O in all developed countries must be reversed
to the conditions in 1990, or approximately 5% of the
current emissions>®. In addition to N»,O and CH4, carbon

dioxide pollutant also mainly comes from anthropogenic
sources, in forms such as the off-gas combustion of fossil
fuels as a power source (70%—90%) and land use
conversion (10%-30%)". In addition, CO, gas also comes
from natural sources such as volcanic gas, combustion of
organic materials, and aerobic organisms’ respiration
process. Carbon dioxide emissions resulting from human
activities (anthropogenic) are relatively higher in
concentration so that they disrupt the atmosphere
equilibrium system and can ultimately damage the
environment and human wellbeing®.

Waste is a massive urban problem, considering its
complex impacts, which include aesthetics, health,
economic, and environmental losses that lead to natural
disasters”. The amount of GHG emissions released into
the atmosphere is estimated to increase every year. For
example, in China, this GHG emission increased from
17% in 1979 to 69.5% in 2013'9. This means that the
GHG emissions in the atmosphere increase by 1.5%
annually, and if this increase continues to be ignored, the
greenhouse effect of landfilling activities will be greater
in the future!?. In terms of policy, Indonesian government
through law no. 18/2008 has stated that MSW must be
managed and handled properly, and activities for waste
reduction and recycling, separation, transportation,
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collection, and processing should be carried out!?.
Differences in municipal waste management can result in
different GHG emission potentials because the emission
depends on the landfilling method and the integration of
the principles of waste reduction at the source, recycling,
and reuse of valuable waste. The waste sector is estimated
to contribute as much as 7% of the total methane
emissions worldwide'®. Without proper handling of waste,
these emissions will continue to increase along with
population growth and human activities.

The Semarang City government has tried to reduce
waste from the source through the concept of reduce,
reuse, recycle by providing the Jatibarang landfill to
accommodate residues and constructing a waste bank as a
form of household-based waste management in the
community?. However, these efforts have not been able
to overcome the waste problem in the city. The
government plays a role in the provision of communal
waste containers, transportation, collection, composting,
and final processing of waste. To date, no study has tried
to comprehensively evaluate these activities for GHG
emissions. By knowing the contribution of each activity
to GHG emissions, the potential for emission reduction
from the waste sector can be determined, especially for
Semarang City waste management.

This study aims to analyze the existing conditions of
waste management in the city of Semarang from the
formal sector and their impact on climate change. In-depth
interviews were conducted to all formal stakeholders in
the city to obtain an inventory of activities that are in
accordance with the conditions on ground. The IPCC
2006 guidelines default method and Landfill Gas
Emissions Model (LandGEM) are some of the
methodologies of estimating the GHG emissions amount
from solid waste activities®!'¥. Among these two models
and methods, the IPCC 2006 guidelines default method is
often used at the national level in various countries
because of its ease and reliability in estimating the amount
of methane (CH4), carbon dioxide (CO,), and nitrous
oxide (N,O) released from various activities, including

Table 1. Interview Questions for Activi

industrial activities, transportation, waste, agriculture and
land use changes, and energy-generation activities'. The
instructions contained in the 2006 IPCC have been
internationally recognized to provide reports on the
equivalent level of carbon dioxide emissions released
from various activities, especially waste management at
the city, provincial, and national levels®. In the present
study, the IPCC default method is used to estimate GHGs
production resulting from the activities of waste transfer
landfills and composting at the landfill in the inventory
year. LandGEM v.3.02 is also used to estimate the
generation of methane gas that can be recovered as landfill
gas (LFG) so that the methane contained in the closed
landfill can be recovered and not just wasted through
flares'>. This research can be used as a comprehensive
reference to fill the gaps in the calculation of GHG
emissions from the waste sector, especially in developing
countries such as Indonesia. This research may be used as
a potential tools for policy makers to make appropriate
mitigation actions related to the reduction of emission
from waste sector.

2. Methods

2.1 Data Collection

The profile of waste management in the city of
Semarang is taken from the Office of the Environment,
Semarang City. The profile is used as a reference to carry
out an inventory of activities, both at integrated temporary
waste storages (ITWSs), waste transportation, and the
Jatibarang landfill. A survey census of 22 ITWSs in
Semarang City was conducted based on available data
(location addresses). In-depth interviews were conducted
with the managers of the ITWSs and the Jatibarang
landfill to learn the details of the activities at each study
site. The fuel oil used for transportation is converted into
GHG emission potential by the emission factor of each
fuel type. Fig. 1 shows the scope of this study, while
details on the interview questions and collected data can
be seen in Table 1.

Inventory at ITWS and Landfill Sites

Sampling Sites Component Sub Component

Integrated Manager identity ITWS ITWS name and manager
Temporary Waste Age

Storages Location address and coordinates

Service area

Number of household heads served

Operating time and capacity

Waste management

Waste management activities

Implementation of composting

Transportation of waste to landfill

Fuel usage

Fuel consumption for plastic counting

Fuel consumption for leaf chopper

Other tools such as motor trash and fuel consumption

Electricity use for offices and
other activities

ITWS total power

Electricity usage fee per month
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Sampling Sites Component

Sub Component

Waste Transportation | The activity of transporting

waste to landfills

The type of fuel used and fuel requirements per day

Landfill Site Waste management activities

in landfills

Waste generation data entered per month

Vehicles/heavy equipment operating in landfills

Total appliances, total electric power, and operating
hours of equipment at the landfill site

Domestic wastewater

Waste management activities
in the composting plant

Waste generation is processed into compost

Scavenger activity

Respondent's identity, including name, age, gender,
and address

Recycled waste generation

Waste composition

Monthly scavenger turnover

Informal recycling:
scavenging, waste
trading, etc.

Integrated
Temporary Waste
Storages

Temporary Waste
Storages

Sources

Formal Recycling

" Transportation ’ >

Jatibarang }

Waste
Landfill

Fig. 1: Scope of Research

2.2 Greenhouse Gases Inventory (IPCC Methods)

The default IPCC 2006 method (Tier 1) in this study is
used to estimate the GHGs generated in the ITWS,
through waste transportation, and in the Jatibarang landfill.
The amount of GHGs generated due to landfill activities
is calculated theoretically based on the equation of GHG

production, equation (1). The default method can be used
when historical data on the waste quantity and
composition are not available so the estimation of GHGs
is based on the hypothesis that all gases are released
directly into the environment and does not consider the
time of the degradation process.

CH emission (ton/y) = (MSW; X MSW; X DOC X DOCz X Fx = —R) X (1-0X) (1)

where MSW; is the total waste generation in landfill
(ton/y), MSW; is the fraction of accumulated waste
(100%), MCF is the methane correction factor (0.4), DOC
is the degradable organic carbon (kg C/kg waste), DOCp
is the fraction of DOC (0.5), F is fraction by volume of
CHy in landfill (0.5), OX is oxidation factor (0.1), R is the

16 . .
recovered CHy (ton/year), and — Is conversion from C to

CHa,. Although this method is recognized to be capable of
estimating actual emissions, the actual methane produced
does not always have a value close to that obtained from
the calculation model. Methane production always
depends on the amount and composition of waste in
landfills'®.

In addition to landfill activities, in practice, most wastes
in Indonesia are openly burned. Open burning can release
CO3, N,0, and CHy directly into the atmosphere. Even so,
for the same amount of organic waste, the emissions from
waste burning are considered smaller than those from
landfills. In this study, it is assumed that no waste is
subjected to open burning, and thus, the calculation of
emissions from open burning in Indonesia is ignored.
Waste sorting and composting activities are also part of
the waste management 3R (reduce, reuse, recycle)
principle. These activities involve sorting waste between
inorganic and organic matter and then composting the
organic fraction in a facility. The inorganic waste is
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recovered and reused to obtain the remaining economic
value of the waste. In the Jatibarang landfill and ITWSs,
inorganic waste is taken by scavengers and sold back to
the stalls. This can help reduce the amount of waste in
landfills. The biological composting process causes the
release of methane emissions, which can be estimated
through formula (2).

CH,4 emission = Y(Mi x Efi) 103 - R )

where Mi is the mass of composted garbage (Gg/y), Efi is
the emission factor in the composting process (g CHa/kg),
and R is recovered emissions CH4 (Gg CHs).

Furthermore, enumeration activities, transportation,
and office activities also directly or indirectly affect the
amount of emissions entering the environment. Fuel
consumption produces CO,, CHs, and N>,O emissions,
which are assessed based on the engine type. Motor
vehicles that use gasoline as fuel have emission factors of
69,300 kg/TJ CO,, 3.0 kg/TJ CH4, and 0.6 kg/TJ N,O.
Diesel engines have a greater emission factor value:
74,100 kg/TJ for CO, and 0.6 kg/TJ for CH4 and N,O. The
emissions released from these systems are calculated
using formula (3).

Emission = EC X EF 3)

where the emission value is the energy system emission
(kg), EC is the energy consumption, and EF is the
emission factor for certain technology types (based on fuel
used) for certain pollutants. In this study, the value of CO;
emissions is calculated using equation (4).

CO; emission = EC x EF x NCV 4

where CO» emission is the total CO, emissions per year
(kg/year), EC is energy consumption, EF is the fuel CO,
emission factor (kg/TJ), and NCV is the net calorific
volume (energy content) per unit mass or fuel volume
(TJ/ton fuel). The NCV is 43 TJ/Gg and diesel density is
0,832 kg/L. Energy consumption can be calculated by
multiplying the electricity consumption value, amount of
fuel, and the heating value of the fuel used. Electricity
consumption is calculated based on the power of each
appliance multiplied by the time of use (hours). In this
study, the CO; EF for electricity consumption was set as
586.32 ton CO»/GWh, equivalent to 0.000586 ton
CO,/KWh. The value of emissions from electricity use is
calculated using equation (5).

EF = SFC x NCV x CEF x Oxid x 44/12 (5)

where EF is the CO, emission factor, SFC denotes the
specific fuel consumption, NCV /is the net calorific
volume (energy content) per unit mass or volume of fuel
(TJ/ton fuel), CEF denotes the carbon emission factor
(TCO»/TJ), and Oxid is the oxidation factor.

The amount of CHs emissions from domestic
wastewater is determined by considering the EFs in
wastewater management. The EFs are obtained from the
function of the maximum potential production of CHs4 (B,)
and methane correction factors (MCF), which are
different in each type of wastewater management. The
EFs for each wastewater management are obtained using
equation (6), assuming methane (B,) production capacity
is 0.6 kg CHu/kg biological oxygen demand (BOD), the
MCEF for septic tanks is 0.5 for open channels and 0.5 for
non-flowing channels.

EF; = B, x MCF (6)

Other factors that influence CH4 emissions are the
population fraction (U) and the level of the wastewater
treatment system usage (T). The value of T is obtained
from the total discharge of wastewater treated through the
management systems, such as septic tanks, and the
untreated wastewater. The septic tank usage rate is 75%
and without processing 25%. After analyzing the data in
the form of the total organic content in wastewater (TOW),
wastewater management EF, population fractions
contained in the Jatibarang landfill (U), and the level of
wastewater treatment systems usage applied in the
Jatibarang landfill (T), the amount of CHs emissions
generated in one year due to wastewater management in
the Jatibarang landfill can be calculated using equation (7).

CH4 Emission = U; x Tjx EF x TOW @)

where CH4 Emission is the CH4 emissions in one year
(TCHy/year), TOW is the total organic load in one year
(TBOD/year), Ui is the population fraction, T;; is the
fraction of waste treatment system usage, I is the
population group, j is each type of waste treatment, and
EF; is the emission factor (TCH4/TBOD). On the other
hand, domestic wastewater also has the potential to
produce N>O from the anaerobic process of overhauling
organic compounds, where the amount of N>O produced
is calculated using equation (8).

o 44
N,0 Emission = Neguent X EFeffiuent X 75 (8)

where N>O Emission is the potential N,O emissions in one
year (TN2O/year), Nefruent 1 nitrogen in waste discharged
into the aquatic environment (ton N/year), and EF ctfiuent 18
the emission factor for NoO wastewater (ton N2O-N/ton
N).

2.3 LandGEM Methods

The LandGEM method is used to predict the amount of
methane/LFG produced from landfills. However, this
calculation method requires the waste generation data
from the beginning year of the landfill usage to the closing
year. In this study, data on waste generation at the
beginning year of the landfill usage is obtained by
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multiplying the assumed population in the considered year
by the factor of waste generation per capita of 0.4
kg/person/day. The methane produced from a pile of
landfill waste is calculated using equation (9).

Qumetana = i=1 Z]l':o.l kLo (%) e "t ©)
where Qmetana represents the estimated methane gas
production per year, calculated in m’/year; i is the
additional year; n is the number of predicted years; j is 0.1
additional years; k is the constant formation of methane
gas (1/year); Ly is the capacity of methane gas potential
generated in m*/megagram; M; is the mass of waste in the
i-year (megagram); and t;; is the age of the waste mass (in
landfill) during the i-year. The total emissions from all
sectors are then calculated using equation (10).

Total Emissions = Y.(Emission; x GWP value) (10)

where Total Emissions is the total emissions of all types
of GHGs (TCOzeq), Emission; is GHG emissions from the
types of GHGs, GWP is the value of the global warming
potential of each type of GHG, and i denotes a type of
GHG.

2.4 Data Analysis and Emission Calculation

The total GHG is calculated based on the total
emissions from activities including landfilling,
composting, and LFG utilization, ignoring scavenger
activities and the informal sector in reducing the overall
GHG emissions. The GWP wvalue is calculated by
multiplying the sum of all emissions from these activities
by an EF to get the tons of CO,eq. Furthermore, spatial
analysis using ArcGIS® software is performed to show
differences in GHG emissions before and after the [ITWS
optimization plan in the city of Semarang'”. The color
gradation from dark green to red shows the distribution of
emission potential from the smallest to the largest. This
spatial analysis does not involve the calculation of
emissions from the Jatibarang landfill because the
emissions produced are so large that their value is feared
to interfere with further analysis. Emission inventory at
the Jatibarang landfill is carried out with two scenarios,
namely the scenario without and with the use of LFG from
closed landfills, sorting, and composting activities.

3. Results and Discussion

3.1 Waste Management in Semarang City

Semarang city is a metropolitan city where 1,814,110
people living inside the city. The population density is
4.854.54/km2. As per 2019, this city has 24,800 million
USD of GDP in 2019 and 3,790 USD per capita by the
World Bank Group. This condition may bring Semarang
City as the sixth largest-economic city in Indonesia. The
waste management system in Semarang City has not yet
fully implemented the 3R. The 3R activities are mostly

performed by the assistance of the informal sector such as
waste banks, scavengers, collectors, and flea traders®. The
amount of waste that enters the Jatibarang landfill is
292,555 tons/year, where the waste is first processed at
ITWS, and recovered by the informal sector. Fig. 2 depicts
the mass flow of waste in Semarang City. The formal
sector only includes waste management from temporary
waste storages, ITWSs, waste transportation, and the
Jatibarang landfill. However, the government also
manages waste from several non-domestic activities such
as markets, public facilities, and government offices. The
number of temporary waste storages, or '"Waste
Collection Place" as called in Indonesian tongue, is 208
units, excluding the 22 ITWS units. The difference
between TWS and ITWS is the treatment of waste that
enters the facility. In ITWS, the incoming waste is first
sorted, and then processed according to its type. For
instance, organic waste is composted and inorganic waste
that still has a sale value is sorted and sold to the informal
sector.

However, of the 22 ITWS units, only four were found
to manage their waste, namely Diponegoro University
(UnDip) ITWS, Pedurungan Lor ITWS, Muktiharjo Kidul
ITWS, and Mangkang Wetan ITWS. The generated ITWS
waste used as research objects comes from homes, schools,
universities, hotels, and hospitals. This causes a difference
in the amount of waste that enters the [ITWS. UnDip ITWS
is the most widely managed and has an amount of 429.44
tons/year, followed by Pedurungan Lor ITWS, Muktiharjo
Kidul ITWS, and Mangkang Wetan ITWS, having 58.64,
17.03, and 13.91 tons/year, respectively. Organic waste
(leaves) and plastic are the most widely managed rubbish
at the ITWS. This recovery value is still far from the target
of the Semarang City government because ITWS can only
reduce 0.18% of the total waste transported to the
Jatibarang landfill in 2018.

The Jatibarang Landfill has been operated since 1992.
Jatibarang Landfill has one passive and two active zone,
where methane from the passive one is extracted to
generate electricity. The Jatibarang Landfill is a controlled
landfill where every 5-7 days (the height of waste is
around 50 cm) the waste are closed with local soil layer.
The Jatibarang landfill, located in Mijen District,
Semarang City, is a final waste processing site. The
landfill has an area of 46 hectares and is ~13 km from
downtown Semarang. It consists of four landfill zones,
where the gas produced from zone A is planned to be
processed into energy by Garbage Power Plant, which will
start operating in 2020. The Garbage Power Plant is
expected to produce electricity with a power of 15—
20 MW/day. As shown in Fig. 3, the average amount of
waste entering the Jatibarang landfill is 801.52 tons/day,
with total waste of 292,555 tons in 2018. The Jatibarang
landfill waste is dominated by organic waste at 61.34%
and plastic at 16.34%.

Fig. 4 shows the composition of the landfill waste.
Since 2012, organic waste entering the Jatibarang landfill
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has been processed into compost with a capacity of 600
tons/day. However, the compost processing did not go as
planned because the sale of compost did not match the
operational costs and investment costs; consequently, the
composting operation stopped in 2017. At the Jatibarang
landfill, ~300 waste collectors who informally work every

Sources
304,881 Tonnelyear

(100%)

day can recover valuable waste. The recycling rate of
inorganic waste collected by scavengers is 7.44 tons/day
or 0.93% of the total waste that goes into landfills. Plastic
is the most recovered waste (56%), followed by paper,
(16%), metal (16%), glass (11%), and others (1%).

Waste Bank Scavenger, Temporary Waste Discarded outside
207 Tonnelyear Waste Trader Storages temporary waste storages
(0.07%) 7,300 Tonne/year| 293,074 Tonne/year 4,300 Tonnefyear
(2.39%) (96.13%) (1.41%)
Waste Integrated Temporary ;
Transportation | Waste Storages Segregation
] 519 Tonne/year 197 Zogg;/year
(0.19%) (0.08%)
=
Jatibarang Landfill
292 555 Tonne/year
(95.95%) Composting Facility
322 Tonnefyear
(0.11%)
s S
Scawvenger, Waste Trader Landfill
2,715.6 Tonne/year 289,840 Tonne/year
(0.89%) (95.07%)
J

System Boundary

Fig. 2: Waste Management Mass Balance in Semarang City
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Fig. 3: Jatibarang Landfill Waste Collection in the period of 20162018 (in units of ton/months)
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Metal Fabric
0% | 2%

Paper
10%

Plastic
16%

!

Glass \
1%

Alumunium

0% Can

0%

Others
9%

Organic waste
62%

Fig. 4: Jatibarang Landfill Waste Composition

To support waste management in the Jatibarang landfill,
infrastructure facilities such as offices, vehicles, and
electronic devices are needed. The use of this
infrastructure requires energy that comes from fuel oil and
electricity. The cost of waste transportation to deliver the
waste from temporary waste disposal to landfills is
calculated as part of the landfill cost (in terms of the
gasoline/diesel cost). Two types of wvehicles, which

Three-wheel motorcycle
0%

Landfill car
1%

Dump truck
26%

Excavator
40%

Fig. 5: Percentage of Fuel Needs of Various Vehicles in Landfill

In the landfills, of all vehicles, excavators require the
highest amount of fuel oil, with a value of 300 L/day,
while the three-wheeled motorcycles require the least,
1 L/day. Excavators are used to pick up, organize, and
dump waste in the right location. Considering appliances,
air conditioners for offices use the most electricity, with
an average consumption of 42 kWh, while printers use the
least, 0.23 kWh. Fig. 6 shows the electricity demand for

include 170 fleet arm rolls and 41 fleet dump trucks, are
still in operation today. Arm-roll trucks require more fuel
than dump trucks. The large fleet of arm-roll trucks used
for the transportation causes a high demand for fuel:
347.93 L/day, which is much smaller than that required by
dump trucks, i.e., 1,222.87 L/day. Fig. 5 shows the
percentage of fuel needed by each vehicle operating in the
Jatibarang landfill.

Water supply truck
7%

Buldozer
26%

each facility. The operational process of the Jatibarang
landfill is carried out by 15 people, consisting of heavy
equipment operators and office and field officers. Five
thousand liters of water is used for toilets, ablutions,
washing vehicles, and watering plants. Landfill leachete
is treated using a leachate treatment plant consisting of a
retention pond, anaerobic pool, facultative pool,
maturation pool, and mud dryer.
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Lamps
23%

Printer
0%

Air conditioner
43%

7%

Computer
2%

Water pump

% Dfths
25%

Weighing facility

0%

Water heater
9%

Fingerprint
7%

Refrigerator
6%

Closed circuit
television
3%

Fig. 6: Percentage of Electricity Needs for Each Equipment in the Jatibarang Landfill

3.2 Emissions from ITWSs

The Inventory activity data is linked to a reduction in
GHG emissions according to the existing conditions of
each activity. The ITWS activities are identical to the
sorting, composting, and recycle activities, which are
among the efforts to reduce GHG emissions. The South
Semarang District has the potential to produce the largest
GHG emissions, 12,515 TCOseq/year. The district can
produce such significant GHG emissions because the
Simpang Lima area is the main area of Semarang City;
thus, it features activities that support a high level of
economy, trade, and education and is therefore visited by
many people; these activities and the population are
directly proportional to the waste generated. The volume
of waste will increase with the increase in population and
the increase in technology and socio-economic activities
of the community. Some ITWSs such as Mangkang
Wetan ITWS do not accept organic waste, so there is no
degradation in landfills. The Gunungpati District
contributes the least to GHG emissions, 873 TCO,eq/year
if waste is not managed, with waste of 6.670 kg/day,
equivalent to 2.684 tons/year. This is because the
Gunungpati Subdistrict is dominated by agriculture and
animal husbandry activities. In addition, the people who
live or visit that sub-districts is relatively few, so only a
small amount of waste is generated'®. Fig. 7 shows the
current map of Semarang City's GHG emission
distribution.

3.3 Emissions from Waste Transportation

The Semarang City government uses 170 arm-roll fleet
and 41 dump trucks for waste transportation. Each vehicle
travels an average distance of 17.77 km and a total
distance of 12,566.58 km. The type of fuel used is bio-
diesel. Each fleet unit requires a total fuel of 1,222.87

I/day for arm-roll and 347.93 I/months, so that the total
diesel consumption per year is 1,507.79 and the fuel
energy consumption is 20.23 TJ/year. Emission estimates
calculated using equation (3) for CO,, CH4, and N>O gas
from waste transportation activities are 1.52 x 103
TCO,eq/year.

3.4 Emissions from Jatibarang Landfill Activity

Emissions caused by various activities in the landfills
are calculated based on the biological processes in the
landfills, the use of energy-dependent utilities (indirect
emission), and emissions from domestic liquid waste.
Details on the emissions from the three activities are
explained in the next subsection.

3.4.1 GHG Emissions from Biological Process

Waste deposited in landfills can produce large GHG
emissions because piled-up organic waste will be
degraded anaerobically in order to produce methane gas
and carbon dioxide. The methane (CH4) gas emissions
value calculated using data from the waste entering the
landfill (MSW?1) is reduced due to the waste taken by
scavengers in one year'?. The DOC value determines the
amount of CH,4 gas that can be formed in the degradation
process of the organic/carbon components present in the
waste composition in the Jatibarang landfill in 2018 (Fig.
3). Equation (1) is used to estimate methane emissions
from landfill activities. From this equation, the methane
emissions produced from waste amount to 1.09 x 10°
TCOzeq/year.

3.4.2 GHG Emissions in Energy Use

Greenhouse gas emissions from energy use can be
divided into two: emissions from direct and indirect
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energy uses??). Emissions from direct energy usage consist
of emissions from the vehicles/heavy equipment operating
around landfills. Emissions from indirect energy usage
come from the consumption of electrical energy through
electrical equipment, including light lamps and other
office equipment. Fig. 5 shows the vehicles/heavy
equipment available at landfills. The total potential GHG
emissions resulting from the use of vehicles in landfills

are 7.31 x 102 TCOseq/year. Equations (3) and (4) are also
used to calculate the amount of CO, emissions from the
use of electronic equipment, by multiplying the secondary
EF by the amount of electricity consumed in the
Jatibarang landfill every month. From the calculations, the
value of CO, emissions from total electricity usage is
5.84 x 102 TCOseq/year. Thus, the total emissions
generated from energy needs is 7.31 x 10? TCOseq/year.

" Fig. 7: Distribution of Existing Semarang City GHG Emissions

3.4.3 GHG Emissions from Liquid Waste

The large population in office activities that consume
clean water is used as a basis to analyze emissions
resulting from domestic wastewater production. The
calculation of emissions from domestic waste is
distinguished based on the production of gray water and
black water. The generated wastewater is assumed to be
50%—-80% of the total amount of used clean water, where
75% of the wastewater is considered gray water. The
average water used for office activities is assumed to be
333.3 L/person/day. ~An important principle in
determining CH4 production is to determine the amount of
organic material decomposed in wastewater or the TOW.
This data is obtained from the selection of activity data,
where the parameters used are a function of the total
population (wastewater producer) and BOD as general
parameters produced by each person (kg BOD/year)?".
The number of BOD per capita in Indonesia is 13 gr
BOD/person/day for black water and 27 gr
BOD/person/day for gray water. From equation (7), the
amount of emissions from domestic waste management is
estimated as 5.96 x 10! TCO,eq/year.

Methane emissions are influenced by the TOW, which
is a major factor in determining the potential of CHy4
occurrence in wastewater. The amount of CH4 emissions
from liquid waste is determined using per capita BOD
parameters and the population that produces wastewater.
The magnitude of CH4 emissions is directly proportional
to the TOW. The higher the TOW, the higher the CH,4
produced. The presence of N>O is influenced by the
breakdown of nitrogen components in wastewater in the
form of urea, nitrates, and proteins. In this study, water
management in the form of effluent gray water is
discharged into the environment through open channels.
Greenhouse gas emissions are reviewed through indirect
N2O emissions, which are emissions during effluent
disposal. The amount of N>O emissions can be obtained
by calculating the total nitrogen in wastewater (Neffiuent)-
Here, Nesrient consists of several data such as population,
protein consumption per capita in a year, nitrogen fraction,
unconsumed protein factor, and also the factor of protein
removed into the drain??.

This research was conducted based on calculations with
the modification of the 2006 IPCC formula through a tier-
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2 approach, involving the use of IPCC default values and
country-specific data. In calculating the projections, the
least-squares method is known to yield the smallest
standard deviation. Thus, the protein consumption per
capita of 22.55 kg/person/year refers to the results of
projections obtained using the least-squares method.
Wastewater containing protein has a relationship with the
amount of total nitrogen in the effluent; therefore, it is
necessary to know in advance the total nitrogen in the

wastewater before obtaining the amount of N>O emissions.

From the conducted calculations, the potential N,O
emission that occurs is 0.595 kg N,O/year, equivalent to
0.16 TCOseq/year. Nitrous oxide emissions affect the
nitrogen amount in water, where the total nitrogen in
water is directly proportional to the population. The
higher the population, the higher the total nitrogen in
water, resulting in greater N>O emissions. The total GHG
emissions amount from domestic wastewater is
7.54 x 107! TCOseq/year.

3.8 Optimization Scenario

The optimization scenario involves improving the
waste management at the Jatibarang landfill by
implementing the 3R principles on site. In the landfills,

there are plans for LFG recovery activities in closed zones.

The potential LFG is calculated using the LandGEM
v3.02 equation. In addition, composting activities are
carried out at landfills to handle organic residues that
cannot be treated at the ITWS. The potential value of
GHG emissions is the basis of the goal of the optimization
scenario. The city of Semarang itself wants to control the
rate of climate change with a target of reducing GHG
emissions by 4% from the initial year of calculation in
2020. The existence of the waste-to-energy (WtE) power
plant in the Jatibarang landfill is part of the government
program to realize the Clean Indonesia Movement. The
WHE utilizes methane gas produced from organic fraction
in landfills”. Microbial activity in landfills produces CHs4
and CO; gases (in the early stages—aerobic processes)
and methane gas (anaerobic process)”. The LFG
collection system usually consists of several wells in pipes
that are installed laterally and connected by a central
vacuum pump. In addition, a gas extraction system with a
decentralized pump is also present'»'?. Waste-to-energy
power plants use methane gas. To estimate the production
of methane gas from the amount of waste, the LandGEM
method is used as a calculation model. LandGEM is an
automatic estimation tool with a Microsoft Excel interface
that can be used to estimate emission levels for total LFG,
methane, carbon dioxide, non-methane organic
compounds, and individual air pollutants from municipal
solid waste landfills'.

This method is easy to use for countries that have
limited data related to domestic waste in landfills. The
LandGEM model assumes that waste is considered
homogeneous, k and L, values are constant. In this study,
the values of k, Lo, and NMOC (non-methane organic

compounds) concentration were determined with a k
value of 0.05/year, Ly of 170 m*/megagram, and NMOC
concentration of 4,000 ppm, hexane, with methane gas
volume of 50% of the total gas volume generated at the
landfil?->*¥. Due to the limited data on waste generation
entering the Jatibarang landfill from its establishment in
1992 to its closure in 2017 for zone A, the number of
waste generation entering the landfill is calculated by
multiplying the population of Semarang City in the study
year with a per capita generation of 0.4 kg/person/day,
then multiplied by the percentage of the Jatibarang landfill
services from the start of operation. From Fig. 8, it is
known that the potential peak value, ie., 1.32x 10*
TCHy/year and 3.63 x 10* TCO./year, equivalent to
4.07 x 10° TCOaeq/year, corresponds to a point after the
year of landfill closure, i.e., 2018. The potential value
from 1993 to 2018 constantly increases due to the addition
of wastes in landfills. The LFG consisting of methane and
carbon dioxide increases every year up to 2019 because of
the constant anaerobic process occurring in the piled-up
waste at the landfill. From 2019 onward, the potential
LFG is predicted to decline, and in 2133, it is predicted to
run out if it is not utilized. In the inventory year, 2019, the
production of a potential LFG of 1.26 x 10* TCHy/year
and 3.46 x 10* TCO,eq/year, or equivalent to 3.87 x 10*
TCOseq/year, is estimated. If in 2020 LFG starts to be
extracted and recovered, the potential LFG that can be
utilized from the closed landfill until 2133 is 6.86 x 10°
TCOzeq/year.

Composting is an aerobic process involving the
conversion of DOC components in waste to carbon
dioxide (CO,)*». Methane is formed in the compost
anaerobic session, but it is oxidized to a large degree in
the compost aerobic session. The estimated range of CH,4
released into the atmosphere is less than 1% to several
percent of the initial carbon content in the material.
Nitrous oxide is also produced in the composting
process??? The estimated emission ranges from <0.5% to
5% of the initial nitrogen content of the material. The
private sector around the landfill zone composts organic
waste in the Jatibarang landfill. In 2018, the private sector
working on composting activities was closed for various
reasons. In fact, composting itself has a significant share
in reducing the amount of wastes entering landfills.
Carbon dioxide emissions resulting from composting are
a result of aerobic processes, due to the conversion of the
DOC components in wastes to CO,. Methane emissions
are affected by the dumping of organic waste at the final
processing site and open waste burning®. Nitrous oxide
emissions can be generated from the processes of soil
fertilization, land use, biomass burning, fossil fuel usage,
and composting?. From the conducted calculation, the
total emission from composting activities is 4.19 x 10*
TCO,eq/year, assuming the generation of waste processed
as compost is 600 T/d.

In the optimization scheme, the number of waste
entering the active landfill zone has decreased due to
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informal sector/scavenger activities and composting
activities carried out by profit organizations. Scavengers
are assumed capable of taking 2.72 x 10* T/y nonorganic
waste, and the amount of waste with the potential for
composting is 2.19 x 10° T/y. This shows a severe waste
reduction due to these activities. As a result, the potential
for methane emissions resulting from biological processes
in landfills is reduced to 1.10 x 10° TCHy/year, equivalent
to 2.76 x 10* TCOeq/year. This value is smaller than the
emission value in the existing condition, which is
1.09 x 10° TCOqeq/year. Biogas that is formed is also
recovered to be used for electricity/heat generation
(steam) or burned to avoid the CHy release (because the
gas is a GHG and also for safety reasons as the gas is

flammable)?®. Thus, the amount of CH4 gas emissions is
the total CH4 gas that is recovered/burned.

The utilization of composting process is showing a
good contribution on the reduction of GHG emission.
Yedia and Sindhu (2016), stated that anaerobic
composting through anaerobic digestion can reduce 0.79
times GHG emission than open dumping operation®”. In
other hand, anaerobic digestion has higher emission than
aerobic composting process?®). Composting which is
integrated with in-source recycling is proven to give a
significant reduction of GHG emission (around 47%).
This value is empowering the finding of this research that
is composting could reduce the amount of the total gas
produced each year. In-source recycling may endorsed so

the emission of landfill system could be reduced more?.
Megagrams Per Year
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Fig. 8: Graph of potential LFG generated per year in zones that have been closed
Table 2. Summary of Waste Management Emissions
Activity Details Emissions (TCOzeq/year)
Current Scenario Optimization Scenario
Transportation 1.52 x 103 1.52 x 103
Active landfill site 1.09 x 103 2.76 x 10*
Closed landfill site 3.87 x 104 3.87 x 104
Energy use 7.31 x 102 7.31 x 10%
Domestic wastewater 7.54 x 10! 7.54 x 10!
Composting Process - 4.19 x 10*
Total emissions 1.65 x 10° 7.17 x 104
Utilized - 3.87 x 10*

4. Conclusion

The total potential GHG emissions generated by the
city of Semarang in the existing condition if all the waste
is piled up in landfills is 1.65 x 10° TCO,eq/year, so that
the emissions produced by each person at this time

amount to 167,5 gCOzeq/person/day. The amount of
GHG emissions generated in the optimization scenario is
7.17 x 10* TCO,eq/year. The South Semarang District has
the potential to produce the highest GHG, which accounts
for around 13% of the total existing GHG emissions. From
the field of waste management, emissions can be reduced
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by developing alternative and renewable energy sources
such as LFG utilization and the reactivation of composting
activities before depositing wastes in landfills. From the
conducted calculations, if LFG can be used for energy
generation in 2020, then the local government has the
potential to reduce energy wastage and LFG disposal into
the environment by 3.84 x 10* TCO,eq/year.
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