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ABSTRACT

Background: Food waste is a severe problem, and Indonesia is the world’s second-largest
producer of food waste. A limited waste management system will decrease environmental quality,
such as air, water, and soil pollution. So far, the waste management system is limited to reducing
waste generation. The life cycle assessment is a method to analyze environmental aspects or
environmental impacts at all stages in a resource’s life cycle, from the initial process of raw
materials to disposal. This study aims to analyze the environmental impact and provide waste
management policies to obtain sustainable household waste management and environmental
sustainability.

Methods: The study design used in this research is cross-sectional by conducting direct
observations and interviews at the Waste Bank. Interviews were conducted to identify more
in-depth findings about waste management problems and the characteristics of respondents
and waste characteristics. Observations were made to calculate waste generation that refers to
Indonesian national standard methods of sample collection and measurement of urban waste
generation and composition (SNI 19-3694-1994.) The sampling technique was carried out by the
total sampling method, resulting in 100 households.

Results: The research results with organic waste processing with the black soldier fly method.
This method impacts global warming, acidification, eutrophication, and ozone depletion. Of the
four elements that produce the most negligible impact is the impact of global warming of 0.281
kg CO, eq compared to the other effects.

Article info: :  Conclusion: BSF processing can reduce environmental impacts, especially global warming.
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1. Introduction

ood waste can be edible that has not been

consumed and is discarded for various rea-

sons or left to rot [1-3]. According to Papar-

gyropoulou et al., in the United States, food

waste such as milk, vegetables, and fruit can
increase 22% of greenhouse gases social and economic
impacts [4]. Drawing on interviews with food waste
specialists, this study construes the boundaries between
food surplus and food waste, avoidable and unavoidable
food waste, and between waste prevention and waste
management. This study suggests that the first step to-
wards a more sustainable resolution of the food waste is-
sue is to adopt a sustainable production and consumption
approach and tackle food surplus and waste throughout
the global food supply chain. The authors examine the
factors that give rise to food waste throughout the food
supply chain, and propose a framework to identify and
prioritize the most appropriate options for prevention
and management of food waste. The proposed frame-
work interprets and applies the waste hierarchy in the
context of food waste. It considers the three dimensions
of sustainability (environmental, economic, and social.
Some studies show that reducing food waste can have a
beneficial impact on climate change [5].

The limitations of waste management make the system
uncontrollable. Public awareness and knowledge of sort-
ing and processing waste is still significantly low. This
is also due to the government’s inadequate attention to
environmental conditions and community sanitation,
causing vast amounts of waste to accumulate in landfills
in the village. Accordingly, there needs to be an approach
from various aspects to determine a sustainable waste
management system. Waste banks are one of the solu-
tions to the waste management system in the community.
The waste bank is waste management in public space to
store community waste through deposits [6, 7].

Margajaya Village is part of the Bekasi City area, West
Java, directly adjacent to DKI Jakarta. Margajaya Vil-
lage is a sub-district of South Bekasi, which has an area
of 14.96 km? with a population of 210 497 people. Waste
handling in Margajaya Village already has a waste bank
that manages organic/food and inorganic waste. Inorgan-
ic waste is managed at the village level, which is carried
out once every two weeks, and people who donate their
waste will get a savings book based on the volume in
kg. In contrast, the mangosteen black soldier fly (BSF)
technique manages organic waste. The scope is still in
the house blocks and is collected daily by the janitor;
however, some people come directly to the waste bank.
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The waste bank is a forum for processing waste for the
community with the method of buying and selling waste
and is managed by local stakeholders. Sustainable waste
management is essential. In this study, waste manage-
ment with the sustainability life cycle assessment (LCA)
approach is one of the tools that can be used to calcu-
late and analyze the potential environmental impacts of
waste management, primarily to determine the possible
effects of global warming if waste bank management
is implemented within the village; accordingly, it can
choose the most environmentally friendly waste man-
agement that can be used sustainably. LCA is a method
to analyze environmental aspects or environmental im-
pacts at all stages in a resource’s life cycle, from the
initial process of raw materials to disposal. With the
sustainability LCA approach to waste management, it is
hoped that it can provide an overview and solution for
sustainable waste management by considering aspects
of environmental impact and increasing products from
waste management.

2. Methods

This was a cross-sectional study with hypothesis test-
ing. The modeling and simulation were conducted to
identify household food waste processing problems.
The sampling technique was carried out by total sam-
pling, resulting in 100 households willing to participate.
The sustainability LCA model of household food waste
processing was used to understand the concept of im-
proving environmental quality in the future. To achieve
the research outcome, it was necessary to process and
analyze the data as follows: 1) Testing the hypothesis;
2) Sampling the generation and characteristics of house-
hold waste; 3) LCA based on ISO 14040:2006; and 4)
Determination of waste management scenarios. The cal-
culation of household waste generation refers to SNI 19-
3694-1994, which was carried out for 8 consecutive days
per sample, while the identification of household waste
characteristics was based on SNI 19-2454-2002.

Scenario setting

The scenario setting of this research was to assess and
compare the potential environmental impacts of waste
processing before and after implementing the waste
bank.

Life cycle assessment based on ISO 14040:2006

LCA calculations were carried out via the GaBi soft-
ware, version 10.6.1 using inventory data from obser-
vations and analyses. The LCA calculation should have
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http://jrh.gmu.ac.ir

Imm'! ng o "j’! aalth
ovu Il Ul ey va e Tavdnens

data on the estimated amount of waste generation kg/
day/householder and total waste generation tons/day
in the Waste Bank. Waste composition consists of two
types: Unsaleable waste and saleable waste. Commercial
waste includes plastic bags, cups and bottles, buckets,
paper, cardboard, books, slippers, cans, iron, rubber, and
used fabrics. Non-saleable waste includes food waste,
kitchen waste, and yard waste.

Data interpretation

The collected univariate and bivariate data were inter-
preted according to the study results. The data presenta-
tion can be in tables, garfish, bar charts, etc.

Conclusions and policy recommendations

The study results are expected to provide practical pol-
icy recommendations for managing sustainable house-
hold waste. Data analysis was conducted bivariately
while bivariate analysis was used to analyze the rela-
tionship between household waste generation and com-
munity economic strata using the chi-square test with a
P=0.05 considered the significance level.

3. Results

Table 1 shows that the high economic strata with the
highest proportion of food waste generation is small at
83.8% (37 people). However, the middle economic stra-
ta with the highest proportion of food waste generation
was 77.8% (63 people). Based on the results of statistical
tests, the P of 0.641 with a=0.05 was obtained. The P is
>q; therefore, no significant relationship exists between
economic strata and household food waste management.
The analysis received the value of PR=0.730 or 1.366.
This shows that people with a middle economic strata
are 1.366 times more likely to generate a lot of food
waste than those with a high economic strata.

In this study, the potential environmental impact uses units
of kg and eq. Based on the analysis of potential environ-
mental impacts in processing organic waste with the BSF
method, it produces the possible effects of global warming,
eutrophication, acidification, and ozone depletion (Table 1).

The management of organic waste with the BSF meth-
od produces a global warming impact of 0.281 kg CO,
eq, acidification of 2.37e-3 kg SO, eq, eutrophication
of 6.43e-4 kg N eq, and ozone layer depletion of 7.65e-
12 kg CFC 11 eq. The highest potential impact is the
depletion of the ozone layer, resulting from the decay of
waste, which will form methane gas (Table 2).
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4. Discussion

Most urban areas in Indonesia have not sorted their
solid waste according to waste composition. Only a few
households in urban areas segregate waste, and even if
they do, it is due to a waste bank that can be used to
exchange segregated waste, such as bottles, glass, paper,
organic, and others. Based on the study results, people
with middle economic strata produce more food waste
than individuals with high economic strata. According to
Pariathamby (2014) [7], household waste management
is the responsibility of wives at 54%, husbands at 23%,
adult women at 20%, and the rest stated that it is the re-
sponsibility of adult men. The containerization pattern in
this area is individual and communal containerization,
where all communities do individual disposal first as
temporary disposal in a particular container and then dis-
posed of in collective disposal. However, some are also
transported by waste bank officers to be collected in the
waste bank, which later, if there is saleable waste, will
be sold, and organic waste is processed as maggot feed.

The local cleanliness department carries out the con-
dition of the temporary landfill in the neighborhood for
no more than three days. This is because the landfill is
not vastly big; therefore, it cannot accommodate too
much waste for a long time. Neighboring communities
that have the availability of facilities are good because
they already have adequate facilities, and waste storage
is no more than three days. This is due to the attitude
or awareness of the community to have good facilities
and economic factors playing a role in the availability
of facilities. Such places require spending both for trash
containers and the cost of monthly garbage that is trans-
ported by officers daily. With this problem, the policy
suggestions that can be given to waste banks are as fol-
lows (Figure 1):

Managing organic waste with the BSF method impacts
global warming, acidification, eutrophication, and ozone
layer depletion. Of the four impacts, the most minor ef-
fect is global warming, with 0.281 kg CO, eq compared
to other factors. With the processing of organic waste
with maggot, BSF can reduce the impact on the envi-
ronment. According to Anasstasia’s research (2020) with
LCA, the scenario of open landfilling waste processing
and open waste burning can produce a more signifi-
cant impact on global warming than waste processing
in waste banks, where open dumping waste processing
is 13,057 kg CO, eq and open waste burning is 10,850
kg CO, eq [8] Other research shows that open dump-
ing is the highest form of waste management that has
the potential to cause global warming impacts due to the
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Table 1. Relationship between economic strata and household food waste generation

No. (%)
Economic Level Food Waste Generation P PR (95% Cl)
Total
A Lot A Little
High 6(16.2) 31(83.8) 37(100) 041 0.730
Middle 14(22.2) 49(77.8) 63(100) (0.307-1.735)

Table 2. Potential impacts of organic waste treatment scenarios with the black soldier fly method

TR H
Jisan

Scenario Global Warming Acidification Eutrophication

Ozone Depleting

Processing organic waste using

the black soldier fly (BSF) method 0.281kg CO, eq 2.37e-3kg SO, eq 6.43e-4 kg N eq

7.65e-12 kg CFC
1leq

Figure 1. Organic and inorganic waste treatment policy
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absence of gas handling from the waste decomposition
process and leachate processing [9, 10]. The gas pro-
duced from the decomposition of waste will pollute the
air, while the leachate produced will contaminate the soil
and groundwater.

Based on the scenario of processing organic waste with
the BSF method, the most significant impact still felt in
the environment is the ozone layer depletion by 7.65e-12
kg CFC 11 eq. The lack of the ozone layer can be caused
by an increase in CFC and CO, gases, which can cause
ozone bonds to break loose and thin out and can cause
the greenhouse effect and an increase in UV-B radiation,
which has an impact on the vulnerability of resistance in
humans, animals, and plants. The environmental impact
will be even more significant if organic waste is not pro-
cessed. Food waste is an inevitable part (34%-53%) of
total household waste [11]. More than 30% of food pro-
duced is estimated to be wasted globally [12] landfilling,
incineration, and composting, nearly 1.6 billion tons per
year [13]. Accordingly, efforts need to process organic
waste, especially food waste, in a sustainable manner.
Every 1 kg of waste managed by a waste bank can pro-
duce a lower potential environmental impact compared
to waste that is not processed.

5. Conclusion

Calculating potential environmental impacts on waste
banks by processing organic waste with the BSF method
can reduce the effects of global warming when com-
pared to the findings of the open dumping environmental
assessment, which has the highest potential impact in the
impact categories of global warming, ozone depletion,
and others. It was also found that the middle-income
community generated more food waste than the high-
income community.
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