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Abstract

There are still many people in Jakarta who throw their garbage into the river, resulting Jakarta
city never being absent from the problems of river water pollution and flooding.
Pesanggrahan River and Grogol River are some of the big river surrounded by high
popullation area. All waste originating from the Pesanggrahan River and the Grogol River is
dumped into the Bantar Gebang Landfill. This study aimed to reduce waste entering landfills
are by making use of waste that still has economic value. The method used in decision making
from various alternatives of the river waste utilization are utility theory and compromise
programming. It takes planning to find out the composition and generation of solid waste
from those rivers and to determine the potential use of river waste and the action to minimize
and handle the river waste. Utilization of river waste that can be applied based on the
composition of most waste is open windrow composting and plastic shredding. It is important
to concern about river waste since Indonesia has various polluted river, especially by solid
waste. By implementing a good river waste utilization, the waste that enters the landfill will
be reduced and in line with reduced pollution to the aquatic environment.

Keywords: Solid waste; Water; Generation; Composition; Utilization

1. Introduction

As the human population increases, the amount of solid waste produced will also
increase. The population density on the riverbanks will indirectly increase the generation of
waste disposed into the river and the load of river pollutants (Arsyandi, 2019). Many people
have an understanding that throwing solid waste into the river can solve their waste problem
because the water flow will take their waste away (Yusfi & Damanhuri, 2012). The
discharge of solid waste can be transported through various pathways, including dumpsites,
lack of goodwaste management, stream flow, tourist littering behavior, and marine activities

such as fishing, aquaculture, shipping and dumping (GESAMP, 2016).
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The Jakarta environmental office noted that there were around 150-250 kg/day waste
generationfor one river under normal conditions (UPK Badan Air, 2019). Meanwhile,
Jakarta itself is passed by approximately 19 large rivers that flow from downstream to the
coast of Jakarta.Almost all the solid waste from Jakarta rivers disposed of at the Bantar
Gebang landfill along with the land waste. River waste contributed 1232.02 m® (UPK Badan
Air, 2019) out of a total of 7702.07 tons of waste that goes to Bantar Gebang landfill every
day (DLH DKI Jakarta, 2020). As a result, the waste from the river will increase the amount
of waste generated in the Bantar Gebang landfill. This should be our concern because the
service life of Bantar Gebang landfill is no more than 5 years left. If the waste in the river is
left without proper management, it will flow into the estuary and can be carried to the sea.
This can lead to a bigger problem namely marine pollution. Lack of good waste management
in coastal countries has contributed 1.7% - 4.6% of plastic waste to the sea (Jambeck,
2015). The presence of marine debris not only affects the aesthetic value of the environment,
but also has the potential to disrupt maritime activities such as aquaculture and fisheries
(UNEP, 2014) and posing a threat to marine wildlife and human health (Purba et al., 2019).
In addition, waste disposal along water bodies can inhibits river flow which can result in
flooding (Karuniastuti, 2014).

Waste Management Law (2008) prioritize waste minimization from the source,
utilization of waste that is still useful, and minimizing waste entering the landfill. This has
prompted the need for further waste management regarding the waste generation generated in
the areas along the Pesanggrahan River and the Grogol River from various activities along
the river flow. The Pesanggrahan River and the Grogol River are rivers that pass through the
West Jakarta area. West Jakarta itself is the area with the highest population density in DKI
Jakarta Province with a total of 18,996 people / km? in 2015 and has a population projection
for 2019 of 2,482,800 people (BPS, 2015). One of the causes of the high level of pollution in
the Pesanggrahan River is the result of the decomposition of solid waste entering the river
(Noerfitriyani, 2018). In addition, the Grogol River is one of the rivers that is of concern to
the World Bank Group in its study because the Grogol River is one of the rivers that

contributes quite a lot of garbage to the sea (World Bank Group, 2018).

In carrying out the river waste utilization, facilities and operational techniques for river
waste management are needed that can support the utilization process properly. There is
previous research that discusses the design of waste container for riverbanks as an effort to
reduce waste dumped into the river. Some researchers focused on domestic waste from
household that has a high probability of dumping its garbage into the river. There are some

studies that are limited by the location of waste sampling and only use waste characteristic
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data as the basis for selecting the processing methods. Therefore, this research intends to
carry out direct measurements of the waste in the river and to assess objectively and
subjectively in the choice of waste processing methods.From this planning, it is hoped that it
can reduce waste entering the Bantar Gebang landfill and reduce the negative impact by

handling waste from its source on a community-based basis around the river.

2. Methods

The method used in measuring waste generation and density was direct measurement
which refers to SNI 19-3694-1994 on the method of collecting and measuring samples of
municipal solid waste generation and composition and was equipped with load count
analysis. Measurement of generation using the load count analysis method is to measure the
amount (weight or volume) of waste entering the transfer station (Damanhuri & Padmi,
2016).

Determination of alternative solutions is done by using the multi-objective decision
making (MODM) method with utility theory and compromise programming.Utility theory
and compromise programming function to determine parameters based on the best and worst
values. The best result is the alternative which has the best parameter with the highest value.
In determining the best processing alternative, an assessment is carried out based on
parameters that affect the processing process in terms of labor, finance, and the quality of the
processing results. Each alternative will have different preferences and ratings for each
parameter. The assessment for each parameter was obtained from the calculation results and
also from literature studies. Verbal assessment in this method needs to transform the
objective function value into a degree of non-dimensional objective performance on a scale
(eg, 0-1). The weighting of this method is made according to the relative importance of the
objectives. After doing it non-dimensionally, the next step is to calculate the total utility
value. The highest utility value is the best result (Fishburn, 1970).

River debris or riverwastecould be a strong material that is troublesome to break down,
manufactured, or handled which is dumped, arranged of, or cleared out within the marine and
coastal environment. Riverwaste consists of things made or utilized by people and
intentionally dumped into the ocean or waterways, or cleared out lying on the shoreline or
coast; washed by implication to the ocean by waterways, channels, runoff or wind; or

incidentally misplaced, counting things misplaced at ocean (World Bank Group, 2018).

Primary data collection in the form of waste generation and waste composition was
carried out in November 2019 in the Pesanggrahan River and December 2019 in the Grogol

River. Based on data from the Indonesian Meteorological and Climatological Agency, the
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beginning of the rainy season in Western Indonesia occurs around October to December and
peaks in January and February. Waste samples taken are garbage collected in floating cube
for 24 hours and are taken in the morning in the range of 08.00-10.00 AM before the waste
transported to a special transfer station for river waste. Sampling of river waste was carried
out once for each location of the floating cube which refers to the World Bank Group study
about Indonesia's Marine Garbage Hot Spot. Floating cube is a device used to hold waste

carried away by rivers. Hence, there will be a lot of solid waste trapped on the floating cube.
There are 5 sampling locations on the Pesanggrahan River and 1 sampling location on

the Grogol River were carried out on the part of the river that has a floa ting cube as shown in
Figures 1 and 2.

| Sampling Location:
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Source: (ESRI, 2016; Google, 2020)
Figure 1. Sampling Point for Grogol River Waste

¢ Sampling Location:
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Source: (ESRI, 2016; Google, 2020)
Figure 2. Sampling Point for Pesanggrahan River Waste
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3. Results and Discussion
3.1 Waste Generation

River waste generation data were collected at locations in the Pesanggrahan River and
one location at the Grogol River. The location division is based on the location of the
insulating cube or floating cube that has been used by the UPK Badan Air to filter waste in
the river. UPK Badan Air is the party responsible for cleaning up the aquatic environment in
the Jakarta area. The results of the measurement of waste generation in both rivers are shown
in units of weight and volume. The average of waste generation from 5 locations on the
Pesanggrahan River was 50.77 kg/day with a maximum waste generation of 271.40 kg/day,
while the average of waste generation at the study location on the Grogol River was 34.64
kg/day with the maximum generation can reach 188.82 kg/day. The largest volume of waste
generation occurred in the Pesanggrahan River is 12 m®/day. Whereas the smallest volume
occurs in the Grogol River at 0.1 m®/day. Both rivers have an average generation volume of
2.45 m*/day. An increase in the volume of waste in rivers can be caused by increasing river
water levels due to rain or flooding. In addition, the high volume of waste can be caused by
the presence of garbage with a very large size so that the size of the waste volume will also
increasing.

From the measurement results of waste generation and analysis of secondary data on
waste generation for one month, the highest waste generation always occurs on Saturdays and
Sundays, while the lowest for waste generation occurs on Wednesdays. This is because many
people spend their time at home on weekend so that activities in the house will increase as
well as the amount of waste generated. Figure 3 and Figure 4 show the lowest, average, and

highest waste generation from each location during the study period.
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Figure 3. Waste Generation in kg/day
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Figure 4. Waste Generation in m®/day

3.2 Waste Composition

The categories of waste in this study are divided into food, wood, twig, and garden
waste, paper and cardboard, textiles, rubber and leather, plastic, metal, glass, and others or
inert. The waste categories with the highest percentage in the Pesanggrahan and Grogol
Rivers are plastic and wood or twig waste. This is because there are still many people who
still use single-use plastic as their own trash wrapper. In addition, around Pesanggrahan and
Grogol Rivers, there are a lot of slums area less than 50 meters from the riverbank. The large
amount of plastic waste found in rivers proves that Indonesia is the country with the second
highest plastic use in the world (Jambeck, 2015). Plastics that are often found are categorized
into various types such as plastic bags, PET bottles, straws, plastic product packaging, and
various other types of plastic. The second highest composition of waste is wood and garden
waste. There are still many riverbanks in Jakarta that have not been founded properly so the
water bodies directly intersect with the land along the river flow. This made it easier for
many plants on the riverbank to fall and eventually get carried away by the river currents
until they got stuck in the floating cube. Table 1 shows the average percentage composition
of River Waste in Pesanggrahan River and Grogol River. Understanding the role of the
source and composition of the waste will be important for designing an effective mitigation
strategy (Purba et al., 2019).
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Table 1. The average percentage composition of river waste

Waste category Percentage (%)

Plastic 43.54

Food waste 1.00
Wood, twig, garden waste 43.90
Paper 1.45

Metal 1.19

Cloth and textiles 2.91
Rubber and leather 2.93
Glass 1.28
Others 1.81

Total 100

The high category of wood and twig waste or biodegradable waste of 43.90% could be
a potential for waste processing through household scale composting activities. Another
dominant waste category is plastic at 43.54%. The large amount of plastic waste found in
rivers proves that Indonesia is a country with the second highest plastic use in the world
(Jambeck, 2015). Research by Purba et al. (2019) on several beaches and bays in Indonesia
showing that the type of waste that is most commonly found is plastic from micro to macro
sizes. Table 2 shows the comparison of the composition of marine waste or waste generating
from river in other countries. The percentage composition of plastic waste and organic waste
in Indonesian waters is higher than Malaysia and India. However, in 2019 Indonesia showed
an effort to understand more aspects of the problem of marine plastic waste compared to

other Southeast Asian countries (Lyons, Su, & Neo, 2019).

Table 2. Comparison of the composition of marine waste or waste generating from river in
other countries

Wiaste category Indonesia Malaysia India

(%) (%) (%)

Plastic 44 43 41
Food waste 1 1 0
Wood, twig, garden waste 44 0 8
Paper 1 48 0

Metal 1 1 10

Cloth and textiles 3 0 18
Rubber and leather 3 0 9
Glass 1 0 8
Others 2 7 7

Total 100 100 100

Source: (Khairunnisa et al., 2012) & (Selvam et al., 2020).
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Processing plastic waste can be done by recycling or reusing waste with the 3R concept
such as a waste bank. With the management and processing of waste in the community, it is
hoped that it can reduce the amount of waste generation that enters the river and Bantar
Gebang landfill. In addition, waste management and processing in the community can also
increase the income of the people around the riverbank.

3.3 Waste Utilization

The purpose of waste utilization is to reduce the volume of waste and the pollutant
power of waste in the environment. The application of waste utilization activities can bring
benefits that are both direct (tangible) and indirect (intangible). Tangible benefits can be in
the form of income from recycled materials or the sale of compost products and the use of
compost liquid residues from processing as fertilizer. Meanwhile, benefits that cannot be
valued by money (intangible) include reducing the degree of pollution and preserving water
resources as well as social benefits in the form of decreasing the degree of conflict caused by
waste pollution. By carrying out waste utilization, one of the targets of the 17 Sustainable
Development Goals can be realized, i.e. substantially reduce waste generation through
prevention, reduction, recycling and reuse (United Nation ESCAP, 2015).The process of
utilizing waste generally requires engineering in forms such as grouping, purification,
mixing, and processing to be able to obtain materials that are suitable for the function of these
recycled materials (Tchobanoglous & Kreith, 2002).

Based on the measurement results of the composition of the waste that trapped in
floating cube, it was found that the largest composition was wood and twig waste or
biodegradable waste by 43.90% and plastic waste by 43.54%. Therefore, processing for river
waste will be focused on processing organic waste in the form of wood, twigs, and garden
waste as well as inorganic waste in the form of plastic waste.

One of the things that distinguishes river waste from land waste is the parameter of
water content. The water content of river waste is in the range of 85%-95% for organic waste
and 50% -70% for inorganic waste (Yusfi & Damanhuri, 2012). The highwater content in
river waste is caused by wet environmental conditions. This condition will make it difficult
for further processing, both composting and material recycling. Therefore, a drying or heating

process is needed before the waste is processed.

3.3.1 Composting
The purpose of composting is to convert biodegradable organic material into
biologically stable material, thereby reducing its volume or mass. This natural process breaks

down organic matter into humus and mineral matter. The composting process itself can be
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done through an aerobic or anaerobic process. There are various methods that can be used to
process organic waste in the form of wood, twigs, and garden waste. Organic waste
originating from rivers will have a high moisture content, so it is necessary to have a drying
process prior to composting. The quality of the biodegradable waste and certain biological
and physical parameters has a major influence on the quality of the compost and on the
occurrence of operational problems with the composting facility.It is important to understand
the physical, biological and chemical processes involved in the decomposition of
biodegradable waste (United Nation ESCAP, 2012). Although river organic waste has more
diverse content and tends to be mixed, the end result of the composting process without
proper sorting is not significantly different from the composting process with initial sorting
and has good quality (Sahwan, 2010).To determine what method is best applied for river
waste processing, a decision is made using utility theory and compromise programing
methods based on the feasibility category of a waste treatment. The assessment is carried out
based on several criteria that are important to be achieved in composting activities. The
components for each category of each alternative are obtained from the results of calculations
and literature studies.Following are the results of an assessment of 4 composting methods.

Table 3 shows the qualitative and quantitative assessment for each criteria.

Table 3. Preference and assessment of composting methods for river organic waste

o . Open Drum Takakura

Criteria Bricks Stack Windrow Composter Stack

Aesthetics Organized Unorganized Qw_te Qm_te
organized organized

Land requirements 333 m? 91.3 m? 544.32 m? 1763.42 m?
Ease of operation Moderate Easy Hard Hard
Ease of development Hard Moderate Easy Easy
Investment &
operational prices IDR IDR IDR IDR
(Wahyono & Sahwan, ~ 72:386.421 65,786,421 447965 921 416,657,921
2010)
\Z’git%r content (Ratna,  5g 300, 35.24% 34.28% 60%
C organic 12.33 11.15% 4.04% 29.29%
N total 1.50% 0.55% 0.27% 1.92%
C/N (Ayumi, Lutfi &
Nugroho, 2017) 15.33 20 15 15.22
Phosphor 0.34% 0.22% 0.25% 0.12%
Potassium 1.93% 0.51% 0.06% 1.43%
pH 6.9 7.4 7.4 7.4
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Table 4 shows the qualitative and quantitative assessment components converted to a
number scale (1-3) with the largest number being the best and the smallest number being the
worst.

Table 4. Transforming verbal assessments into numbers and determining the best and worst
scores for each preference

o Bricks Open Drum Takakura
Criteria Stack Win% row Composter Stack Best Worst

Aesthetics 3 1 2 2 3 1
Land requirements 2 3 1 1 3 1
Ease of operation 2 3 1 1 3 1
Ease of 1 2 3 2 3 1
development

I nvestme nt & _ 3 3 1 9 3 1
operational prices

Water content 1 3 3 1 3 1
C organic 3 3 1 2 3 1
N total 3 2 1 3 3 1
CIN 3 1 2 3 3 1
Phosphor 3 2 2 1 3 1
Potassium 3 2 1 2 3 1
pH 2 3 3 3 3 2

Table 5 shows the conversion of ratings on a 0-1 scale, the determination of the
weighting, and the calculation of the weighting standard. In Table 5 also shows the results of
the calculation of utility theory for each alternative where the alternative with the highest

utility theory value is the best to be chosen.

Table 5. Conversion of ratings on a scale of 0-1 and utility theory ratings

Criteria Stack _ Windrow _Composter _ Stak WO St
Aesthetics 1 0 0.5 0.5 1 0.03
Land requirements 0.5 1 0 0 3 0.10
Ease of operation 0.5 1 0 0 2 0.06
Ease of development 0 0.5 1 0.5 1 0.03
operational prices ! 1 0 05 3 00
Water content 0 1 1 0 3 0.10
C organic 1 1 0 0.5 3 0.10
N total 1 0.5 0 1 3 0.10
CIN 1 0 0.5 1 3 0.10
Phosphor 1 0.5 0.5 0 3 0.10
Potassium 1 0.5 0 0.5 3 0.10
pH 0 1 1 1 3 0.10

Total 31 1
Utility value 0.69 0.71 0.34 0.47
Ranking 2 1 4 3
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After obtaining the best alternative through the calculation of utility theory, then Table 6
shows the calculation of the value of compromise programming by considering the
compromise factor where the alternative with the highest value indicator is the best to be
chosen.

Table 6. The assessment uses compromise programming theory

Compromise program C = 2

Distance 0.27 0.21 0.60 0.44
Indicator value 0.73 0.79 0.40 3.00
Ranking 2 1 4 3

From the results of the assessment and weighting using the utility theory and
compromise programming methods, it was found that the alternative with the highest ranking
was the open windrow by using bamboo aerators. This indicates that bamboo aerators are a
better alternative for processing river organic waste. By analyzing the economic benefits for
bamboo aerators, it is found that the annual operational costs are IDR 34,492,624 and annual
sales of IDR 42,705,000. From the estimation of these two costs, an estimate of the economic
benefit that can be valued by money (tangible) from the bamboo aerator is IDR 8,212,375.
Meanwhile, the indirect (intangible) benefits that can be obtained are increased soil fertility,

increased soil nutrients, reduced soil contamination by garbage, and other benefits.

3.3.2 Plastic Recycling
In this study, it was found that the type of inorganic waste that is mostly found in rivers
is plastic waste. Conventional plastics are not biodegradable and can survive in the
environment for hundreds of years, but due to hydrodynamics and exposure to light, plastics
can fragment into tiny particles that are harmful to aquatic organisms as well as humans
(Galgani et al., 2019).As a consequence of the accumulation and fragmentation of plastic in
the oceans, there will be an increased ecotoxicological risk (Hermabessiere et al., 2017).That
is why plastic waste utilization is needed to prevent plastic fragmentation from occurring in
the water environment. Plastic recycling is a series of processes carried out to make plastic
waste into secondary materials to be used as raw materials for new products (Tarverdi,
2010).The processing of plastic waste itself can be done by chopping the plastic to a small
size and then packing and selling it to collectors or industry. Besides that, you can also melt
the plastic waste and print it in the form of plastic pellets / pellets as the base material for new
products. The plastic collected can be in the form of plastic household utensils, product
packaging, plastic bags, and various other types of plastic. Plastic waste originating from
rivers will tend to be dirtier due to silt and plastic in wet conditions, so it is necessary to
consider drying and cleaning efforts before plastic waste can be processed.To determine what
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method is best applied for river waste processing, a decision is made using utility theory and
compromise programing methods based on the feasibility category of a waste treatment. The
assessment is carried out based on several criteria that are important to be achieved in plastic
recycling activities. The components for each category of each alternative are obtained from
the results of calculations and literature studies.Following are the results of the assessment of
2 methods of plastic recycling. Table 7 shows the qualitative and quantitative assessment for
each criteria.

Table 7. Preference and assessment of river plastic waste processing

Melting and
Criteria Plastic Shredding  Forming of Plastic
Pellets

Workload Low Moderate
Investment & operational prices IDR 83,022,857 IDR 260,484,668
Ease of operation Easy Hard
Ability to reduce waste 100% 74.72%
Sales per year IDR 79,068,246 IDR 84,339,616

Table 8 shows the qualitative and quantitative assessment components converted to a
number scale (1-3) with the largest number being the best and the smallest number being the

worst.

Table 8. Transforming verbal assessments into numbers and determining the best and worst
scores for each preference

N Plastic Meltir!g and
Criteria Shredding For_mlng of Best Worst
Plastic Pellets
Workload 2 3 3 2
Investment & operational IDR IDR IDR IDR
prices 83,022,857.85 260,484,668.33 83,022,857.85 260,484,668.33
Ease of operation 3 1 3 1
Ability to reduce waste 100% 74.72% 100% 74.72%
IDR IDR IDR IDR

Sales per year 79.068,246.00 84,339.616.00 79,068.246.00 84,339.616.00

Table 9 shows the conversion of ratings on a 0-1 scale, the determination of the
weighting, and the calculation of the weighting standard. In Table 5 also shows the results of
the calculation of utility theory for each alternative where the alternative with the highest

utility theory value is the best to be chosen.
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Table 9. Conversion of ratings on a scale of 0-1 and utility theory ratings

. Melting and _
Criteria ShPrISCSIEIIiCng Forming (?f Plastic ~ Weight \S/\tlglng dhat;gg
Pellets
Workload 0 1 2 0.15
In\_/estment & operational 1 0 3 0.23
prices

Ease of operation 1 0 3 0.23
Ability to reduce waste 1 0 2 0.15
Sales per year 0 1 3 0.23

Total 13 1
Utility value 0.615 0.385

Ranking 1 2

After obtaining the best alternative through the calculation of utility theory, then Table
10 shows the calculation of the value of compromise programming by considering the
compromise factor where the alternative with the highest value indicator is the best to be

chosen.

Table 10. The assessment uses compromise programming theory

Compromise program C = 2

Distance 0.385 0.615
Indicator value 0.615 0.385
Ranking 1 2

From the results of the assessment and weighting using the utility theory and
compromise programming methods, it is found that the alternative with the highest ranking is
plastic shredding. This indicates that shredding is a better alternative to be applied to river
plastic waste processing. By analyzing the economic benefits for shredding, it is found that
the annual operational costs are IDR 41,311,830 and annual sales of IDR 79,068,246. From
the estimation of the two costs, the estimated tangible economic benefit from shredding is
IDR 37,756,415. Meanwhile, the benefits that cannot be valued by money (intangible)
include reducing the degree of pollution, preserving water resources from plastic waste, and
reducing plastic waste entering the sea. The social benefits that can be obtained are as a
reference for the community in forming a habit of processing plastic waste.

Waste processing by composting and plastic shredding will be carried out in the
vicinity of the waste source, which in this case is a floating cube. Another alternative that can
be used is to utilize public open spaces where partners between the local government and the

community occur. One of the public open spaces that is widely available around the study site
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and which can be utilized is the Child Friendly Open Public Space. By processing waste in
public open spaces, educational efforts regarding waste management both materially and

practically can be conveyed properly to the public.

4. Conclusion

All the garbage originating from the Pesanggrahan River and Grogrol River has entered
the Bantar Gebang Landfill. Whereas, there are several types of river waste that still have
economic value. By making waste utilization efforts, pollution in the aquatic environment can
be reduced, especially microplastic pollution. River waste utilization can be a unique thing
where so far, most of the waste utilization activities use waste from household or land. In
addition, this effort can also be a good example for the public and can help maintain the
sustainability of the circular economy.The next idea of the study required studies on the
community to determine the level of knowledge and willingness of the community in
utilizing river waste and further study by carrying out projections of river solid waste data to
determine the service period. The future work that needs to be done is to improve river waste
management by working with waste banks as a place to sort and process waste originating

from rivers.
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