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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

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

CH,4 emission (ton/y) = (

i H o H

where i is the total waste generation in landfill
(ton’y), v is the fraction of accumulated waste
(100%), is the methane correction factor (0.4),

is the degradable organic carbon (kg C/kg waste), ‘
is the fraction of DOC (0.5), is fraction by volume of
CHy in landfill (0.5), is oxidation factor (0.1), 1is the

5:. .
recovered CHy (ton/year), and 6l 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'®.

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.

H , H

. H F #H(1-0X) (1)

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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