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vulnerable to environmental degradation and contribute to
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gas €missions CO: emissions from the solid waste, wastewater, and clean water
sectors in the slums of Depok City, Indonesia. Data were collected
through questionnaires from 137 households and laboratory
analysis of wastewater, with calculations based on specific
emission factors for each sector. The analysis reveals that total
annual emissions reached 76.93 tons of CO:, with an average of
0.17 tons per person per year. The results are broken down by
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clean water supply at 6.29%. These findings underscore the
significant role of inadequate environmental management in slum
areas in contributing to GHG emissions. The study emphasizes the
critical need for targeted improvements in waste and wastewater
management infrastructure and practices. Implementing
sustainable environmental management strategies is essential to
support climate change mitigation efforts and enhance the
resilience of urban informal settlements, thereby contributing to
the achievement of Sustainable Development Goal 11.
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Introduction

The high rate of urbanization that is not balanced with the fulfillment of the needs for
adequate basic facilities and infrastructure has the potential to cause slums (Jones, 2017;
Olthuis, Benni, Eichwede, & Zevenbergen, 2015; Rizvi, 2018; Trindade, MacLean, & Posen,
2021; Uddin, 2018). According to Law No. 1 of 2011, concerning Housing and Residential
Areas, slums are uninhabitable settlements due to building irregularities, high levels of building
density, and the quality of buildings and facilities and infrastructure that do not meet
requirements, such as the low quality of drinking water services (Giama, Giama, Papadopoulos,
& Papadopoulos, 2018; Kausar, Rasul, & Asghar, 2024; Pavolini, Gauly, Tasser, & Sabia,
2019; Rosa, Lunkes, Codesso, Mendes, & Costa, 2024; Rouhi, Motlagh, & Dalir, 2023).

In the 2030 agenda for sustainable development, which is a global and national
commitment in an effort to prosper the community, with 17 global goals and objectives that
have been declared by developed and developing countries at the UN General Assembly in
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September 2015, included in the 11th SDGs (Sustainable Development Goals) goals, namely
sustainable cities and settlements. Of course, this set of goals is interrelated and supportive to
overcome the various global challenges we face, especially to make cities and settlements
inclusive, safe, resilient, and sustainable, particularly in the face of climate change that is very
urgent today (Abubakar & Aina, 2019; Habitat, 2018; Jaramillo, 2020; Mukim & Roberts,
2023; Satterthwaite, 2016).

Several studies have addressed carbon footprint analysis in urban contexts, though with
varying focuses. Adnan et al. (2018) conducted consumption-based carbon footprint analysis
in slum and non-slum areas of Rawalpindi, highlighting significant disparities linked to income
and infrastructure. Allinson et al. (2016) measured household carbon in a UK city, emphasizing
energy use, while Friedrich & Trois (2016) focused on GHG emissions from municipal solid
waste management in South Africa. In Indonesia, studies such as Astari (2012) and Rosesar
(2020) have analyzed carbon footprints in urban settlements, but these have not specifically
quantified emissions from integrated environmental management systems—covering waste,
wastewater, and clean water—within slum areas.

As is well known, greenhouse gas emissions are the main triggers of global temperature
changes, increasing the frequency of natural disasters and changes in weather patterns that are
no longer regular. Greenhouse gases, such as carbon dioxide (CO2) and methane (CH4), have
a major impact on global warming as well as environmental quality (Filonchyk, Peterson,
Zhang, Hurynovich, & He, 2024; Jogdand, 2020; Kumar, 2018; Rouhi et al., 2023; Yoro &
Daramola, 2020). Saleem et al. (2019) stated that energy consumption significantly increases
the ecological footprint and greenhouse gas emissions. In addition, poor environmental
conditions and lack of infrastructure exacerbate the impacts of climate change, increasing the
risk of disease and GHG emissions (Damte et al., 2023).

Although slums contribute to and are significantly affected by greenhouse gas emissions,
specific data on the amount of their contribution is still very limited. Until now, research that
directly focuses on reducing GHG emissions in slums is still minimal, especially at the urban
level. Even basic information related to GHG emissions as a whole in Depok City is not yet
available. As one of the capital city buffer cities undergoing very rapid population growth and
urbanization, Depok City was chosen as the study location.

In addition, the City of Depok has shown a commitment to supporting the sustainable
development agenda and climate change control, which is reflected in various regional strategic
planning documents. This commitment can be seen, among others, in the Depok City RPJMD
for 2021-2026, which explicitly contains the direction of the environmentally sound
development policy and strategies for improving the quality of basic infrastructure, including
wastewater and waste management (Depok City Government, 2021). Furthermore, in the
Living Environment Protection and Management Plan (RPPLH) document, the Depok City
Government stipulates integrated environmental protection efforts through the identification of
carrying capacity and environmental tamping capacity as well as emission control and planning
(Depok City Government, 2020). In addition, through the Depok City Smart City Masterplan,
commitment to the environment is strengthened through the development of a smart
environment concept that includes energy efficiency, the use of green technology, and the
reduction of carbon emissions towards a climate-resilient city (Depok City Government, 2019).
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Therefore, this study aims to estimate GHG emissions specifically from the wastewater
treatment sector, clean water supply, and waste management in slums in Depok City. The
results of this research are expected to be the basis for formulating recommendations for
mitigation strategies that are applicable and contextual, in order to reduce negative impacts on
the environment, improve people's quality of life, and support the achievement of low-carbon
development that is climate-resilient.

The findings of this study are expected to provide benefits to local communities through
environmental education, assist policymakers in designing targeted interventions, and serve as
a reference for future academic research. In addition, this study also contributes to the
achievement of Sustainable Development Goals (SDGs) 11 on inclusive, safe, resilient, and
sustainable cities and settlements. The research focused on informal settlements in RT 3 RW
14, Depok Village, which includes three environmental sectors: solid waste management, clean
water consumption, and household wastewater treatment. Solid waste refers to domestic waste,
while clean water includes daily activities such as drinking, bathing, washing, sanitation, as
well as waste treatment systems such as black water and grey water.

Research Method

The data collection in this study used primary and secondary data sources. Data on solid
waste generation was obtained from the Depok City Waste Management Master Plan (2024),
with the generation rate for low-income people recorded at 0.43 kg/person/day. Wastewater
data were collected through direct sampling of domestic wastewater (greywater) in secondary
drainage channels at the three study sites, as communal wastewater treatment plants (WWTPs)
were not available. The samples were analyzed to determine the Biochemical Oxygen Demand
(BOD) value, which was then used as the basis for calculating CO: emissions.
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Figure 1. Research flowchart
[Source: Author's Analysis, 2025]

Clean water consumption data was collected through household questionnaires to find out
the volume of water use, water sources, and energy consumption for water pumping. In
addition, interviews and questionnaires were also conducted with residents of RT 3 RW 14 to
collect information on solid waste management practices, clean water, and wastewater, as well
as household socio-economic conditions. This data provides a representative picture of the
current environmental conditions in the slums studied.

The door-to-door survey method is applied thoroughly or census. The location in Depok
Village was chosen because it represents a slum area with high population density, limited
infrastructure, and the existence of informal housing. A total of 137 households are considered
very relevant because they are located in the city center but show striking social and
environmental inequalities.

Data analysis combines descriptive and quantitative approaches. Descriptive analysis is
used to describe the characteristics of settlements, while quantitative analysis is applied to
calculate CO: emissions from domestic activities. Emissions are estimated by converting solid
waste generation, BOD values, and clean water consumption into CO: equivalent using
emission factors from the IPCC and national sources. The results are used to compare emission
burdens between locations, identify the largest emission contributing sectors, and evaluate the
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relationship between socioeconomic characteristics and environmental practices, so that they
can be the basis for formulating targeted emission mitigation strategies.

In this study, the calculation of GHG emissions uses emission factor values based on
previous research. Primary data on waste generation was obtained through sampling carried out
in accordance with the Indonesian National Standard (SNI) No. 19.3964-1994 by the team that
drafted the Waste Management Master Plan document issued in Mayor Regulation Number 39
of 2024. Carbon emissions from waste generation are then calculated using emission factors
that refer to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, especially
Volume 5: Waste, Chapter 3 — Solid Waste Disposal, using the default emission factor (FE)
that has been set by the IPCC (IPCC, 2006). In addition, wastewater data is collected through
sampling at each location and BOD values are measured using the methods listed in SNI No.
6989.72:2009. This BOD value is then used to calculate carbon emissions by multiplying the
domestic wastewater emission factor from the IPCC by 0.6 kg CH4 per kilogram of BOD.

Meanwhile, the calculation of CO2 emissions from the clean water sector is carried out
based on the average amount of household water consumption, which includes bottled drinking
water, refillable water, and water for bathing, washing, and toilet (MCK) purposes. Emissions
are calculated taking into account the electricity consumption in the process of extraction, in
particular if water is obtained through an electric pump. However, not all households use
electrical energy to obtain clean water. Some households use water sources that do not require
electrical energy, such as dug well water with manual pumps. In such cases, CO2 emissions are
calculated based on total water usage. Therefore, the calculation approach is adjusted to the
type of water source used by households to ensure more accurate and contextual emission
estimates. Interviews were conducted with households at the research site, and the resulting
data was multiplied by each emission factor.

Results and Discussion
Overview of Study Locations and Interview Results

This location is an area that reflects the dynamics of the urban environment with various
social and physical characteristics. The number of respondents was 137 houses (449 people in
total) that developed on the land that was commensurate. Most houses are built in stages by the
community, who generally pay rent for land use to the 'cultivators'. The settlements in the area
are dense, with houses built irregularly using simple materials such as zinc, wood, asbestos and
plywood. This condition is in stark contrast to the life of the capital's buffer city which is orderly
and orderly.
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Figure 2 Contrasting portrait of the settlement
[Source: Personal documentation]

This slum located in the middle of Depok city, is directly adjacent to government
buildings and modern apartments. A striking contrast can be seen from the physical condition
of the dense and disorganized buildings amidst the hustle and bustle of a modern and organized
city center, this area shows the socio-economic reality of low-income people who still face
limitations in meeting the needs of a decent life. This area is 61% inhabited by people with
identities outside Depok with diverse ethnic backgrounds, including Javanese, Sundanese, and
Betawi, with a middle to lower economic level and the majority of the population works as
scavengers who depend on the collection and sale of used goods. This scavenger activity is not
only the main source of livelihood, but also reflects the socio-economic conditions of residents
who still face limitations in access to formal jobs.

The results of interviews on household waste management in RT 3 RW 14 Depok Village
show that waste produced by households is not managed formally. The waste produced is not
sorted, the waste is collected in containers in the form of buckets or plastic or small sacks near
the house and then transported by waste officers with personal payment. However, there are
also people who dispose of their garbage by taking it to the nearest polling station, namely the
TPS in the Depok Jaya Market or the Jalan Baru TPS, and there are even people who burn their
garbage.
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Figure 3 Household waste management system RT 3 RW 14, Depok Village

[Source : Questionnaire]

The high percentage of waste burning practices reflects low access and awareness of
environmentally friendly waste management systems. This practice not only causes air
pollution, but also has the potential to endanger the health of the surrounding community. These
findings reinforce the characteristics of unorganized settlements, with a lack of basic services,
including in terms of waste management.

In this study, the wastewater in question refers to wastewater that comes from domestic
or household activities. This wastewater is categorized into two types, namely wastewater from
toilets or black water and non-toilet wastewater or grey water. Domestic wastewater in the form
of grey water is drained through an open channel from concrete that empties into a water body,
or is directly discharged into Situ Rawa Besar without going through a processing process first.
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[Source : Questionnaire]

Based on the results of the questionnaire asked to residents in the study area, the majority
of respondents did not have an adequate domestic liquid waste treatment system. Grey water,
which comes from washing, bathing, and kitchen activities, is generally directly drained into an
open channel without going through a processing process first. Around 54% of respondents
stated that liquid waste from their homes flows directly into the environmental drainage and
46% is directly discharged into the nearest water body, namely Situ Rawa Besar.

Meanwhile, for black water, some respondents stated that they already had private toilet
facilities at home. However, of all respondents who have a toilet, only about 4% stated that their
sewer system is connected to a septic tank. Furthermore, the septic tank has never been drained
since it was first made, which shows the weak maintenance practices of sanitation facilities.
This raises concerns about the potential for environmental pollution, both to the soil and water
bodies, due to the possibility of fecal waste seepage from a properly managed septic system.
These findings confirm the low implementation of safe and sustainable domestic wastewater
management systems in the study area. Without regular treatment or draining, septic tanks can
actually become a new source of pollution, as well as increase the risk of spreading waterborne
diseases.

Others still use latrine systems that directly drain sewage into rivers, open channels, or
untreated water bodies, indicating low access to safe sanitation. This condition reflects that the
wastewater management system in the area is still on-site and has not been integrated. A sample
test of grey water wastewater has been carried out at this location through Depok City DLHK
Laboratory officers.
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Figure 5 Water sampling in RT 3 RW 14, Depok Village
[Source: Personal documentation]

The absence of grey water treatment and the use of improper black water disposal systems
certainly contribute to environmental pollution, especially to the quality of surface water around
the area, as can be seen from the results of the following laboratory checks:

Table 1 Wastewater Quality RT 3 RW 14 Depok Village

Parameter Unit Standard Laboratory Test Results
Limit
Physical
TSS mg/L 30 8,4
Chemical
pH 6-9 6,98
Amonia mg/L 10 1,7
BOD mg/L 30 29,1
COD mg/L 100 473
Biological
Total Coliform MPN/100ml 3000 1,7 x 108
Fecal Coliform MPN/100ml 3,5x 10* Standard I : 100

Standard II : 1.000

Standard I1II : 2.000

Standard IV : 2.000
[Source : Laboratory Test Results]

Most physics and chemical parameters show results that meet quality standards or are
below the specified limits. However, the biological parameters (Total Coliform) still exceed the
threshold, so there is a need for additional treatment processes to reduce the bacterial content
before wastewater is discharged into the environment. Poorly managed fecal waste has the
potential to pollute the environment, especially surface water sources and groundwater. One of
the main indicators of the presence of fecal waste in water is total coliforms, which are groups
of bacteria that naturally live in the digestive tract of humans and animals. High concentrations
of total coliform in water indicate the presence of biological contamination that generally comes
from direct fecal disposal or from sanitation systems that do not meet technical standards, such
as septic tanks that are not impermeable or never drained. The presence of high total coliform
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also has the potential to be an indicator of the presence of other pathogenic microorganisms that
can pose public health risks.

In addition, situ water quality testing was also carried out using fecal coliform parameters
as an indicator of microbiological pollution. The test results showed that the fecal coliform
content in the situ water reached 35,000 MPN/100 mL, which significantly exceeded the water
quality standard threshold according to Government Regulation No. 22 of 2021 for Class II
(direct contact water recreation) of 1,000 MPN/100 mL.

This value indicates that the water has been heavily contaminated by fecal waste, which
is suspected to have come from domestic wastewater discharge without prior treatment from
surrounding settlements. This condition not only reduces the quality of aquatic ecosystems, but
also increases the risk of exposure to waterborne diseases, especially for people who are active
around it. These findings reinforce the urgency of the need to improve sanitation systems and
the arrangement of residential areas, especially in border areas, to reduce the burden of
pollutants while reducing the potential for greenhouse gas emissions from the wastewater
sector.

The source of clean water used by the people in this region comes from groundwater,
which is generally obtained through the use of 84% of mechanical pumped wells and 16% of
the use of electric pump wells. There is no PDAM network in this area yet.

Drinking Water Source Chart
120%

100% 15% L

o B0
ad
E

E 60%
&

40%

20%

0%

Refilled gallon water Groundwater Bottled mineral water

Drinking Water Source

Figure 6 Graph of household drinking water sources in RT 3 RW 14,
Depok Village
[Source : Questionnaire]

Based on the Waste Management Master Plan (2024) by the Depok City DLHK, the waste
generation rate for low-income households is 0.43 kg/person/day or 2.97 liters/person/day.

With a total population of 449 people, waste-related emissions are calculated as follows.
Table 2 Emission Calculation

No Emission Type of Emission Unit Waste Total
Source Waste Factor Weight Emissions
Management (ton/year) (kgCO:eq/year)
CHs 600 kg CHa per ton
MSW

CO, Insig kg CO, per ton
nificant MSW
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Landfill NO 1 kg C,0O per ton 37,35 22.446,98
MSW
Total 601 kg CO, per ton
MSW
1 Waste CH; 801,2 kg CHa per ton
management MSW
CO, 1625 kg CO; per ton
MSW
Open burning N,O 44,7 kg C,0 per ton 33,12 33.399,38
MSW
Total 1.008,4 kg CO; per ton
MSW

House hold— CO2  69.300
Temporary N20 3.2

Transportati ~ Waste CH4 33
on emissions  Disposal Site
2 fromwaste  Temporary CO2 74.100  (kg/TJ) 36,5 28,78
collection Waste N20 3,9
Disposal Site  CH4 3,9
- Landfill
Total
Emission Factor Water Consumption Emissions
(kgCO:eq/year)
3 Clean water management 0,59 kg CO2/m®  8.194,25 m3/year 4.834,61
4  Waste water management Black water + Grey water 16.221,01

Total 76.930,76

The results of the estimated total carbon footprint in RT 3/14 show that the waste
management sector is the main contributor to carbon emissions with a value of 55,875.14 kg of
CO:ze per year. This figure is much higher than the wastewater management sector (16,221.01
kg COqe per year) and the clean water management sector (4,834.61 kg CO-e per year). In total,
RT 3/14 produces 76,930.76 kg of COze emissions per year, with the largest contribution
reaching more than two-thirds coming from waste management activities.

The dominance of emissions from the waste management sector in RT 3/14 reflects the
high dependence of the community on the practice of open burning and disposal of waste
without an adequate management system. This is in line with the general phenomenon in dense
and slum areas, where the limitations of formal waste management services encourage people
to manage waste independently in an environmentally unfriendly way. These conditions have
serious implications for air quality, public health, and contribution to greenhouse gas emissions.

Meanwhile, emissions from the wastewater and clean water management sectors are
relatively lower, but still significant. The wastewater management sector produces methane and
CO: emissions from domestic waste disposal processes, while the clean water management
sector is concerned with the use of energy in the water distribution and consumption process.
Although the portion is smaller, these two sectors still need to be considered as part of an
integrated emission reduction strategy.

Conclusion

The total annual emissions amounted to 76,930.76 kg of CO:e, predominantly from
waste management at 55,875.14 kg of CO.e, largely due to informal disposal practices in illegal
settlement areas lacking formal waste services. Inadequate wastewater management further
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increased emissions and degraded site quality, as shown by high fecal coliform levels.
Addressing these issues requires relocating settlements to enable integrated waste and
wastewater management systems. Priority should be given to strengthening community-based
waste management initiatives like sorting, composting, and waste banks, supported by policies
to facilitate relocation or legalization. Future research could focus on evaluating the
effectiveness and social impact of such relocation and community-led waste interventions,
exploring sustainable models tailored to informal settlements.
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