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Accepted Depok City, Indonesia, faces significant challenges with a population of over 2 million people,
5 September 2024 substantially impacting waste issues, particularly food waste, contributing to global anthropogenic
Keywords greenhouse gas emissions. To support sustainable development goals, it is crucial to reduce food
black soldier fly, food loss. To address this problem, black soldier fly (Hermetia illucens) has emerged as a potential
waste, recycling, solution because of its ability to break down food waste into biomass. Nevertheless, environmental

sustainability, waste

management waste management faces challenges such as public awareness, infrastructure limitations,

stakeholder engagement, and threats to long-term sustainability. This study aims to identify key
leverage points for the sustainability of BSF (Black Soldier Fly) larvae utilization in waste
= management. The objective of this study was to identify the key sustainability factors. This study
used RAPFISH (Rapid Appraisal for Fisheries) software to find the keys to sustainability. Results
reveal that the sustainability status of the utilization of BSF for environmental waste management
is deemed to be “Relatively Sustainable”. The Department of Environmental and Cleanliness plays a
pivotal role as a sustainability leverage for this program.

Introduction

Global food waste is increasing and can yield valuable components such as proteins, fats, and carbohydrates.
If utilized effectively, they can help reduce greenhouse gas emissions and environmental pollution and boost
the economy [1]. The proportion of the population involved in food waste at the household level is very high,
with only about 6.2% showing concerns about food and environmental waste [2]. Food waste can potentially
harm the environment and make a significant contribution to greenhouse gas emissions, accounting for 5%
of the total greenhouse gas emissions and 6 to 18% of the total methane emissions from anthropogenic
sources [3]. The food system was responsible for emissions of approximately 16 CO2 equivalents per year in
2018, contributing to approximately one-third of the total global anthropogenic emissions [4].

In 2021, with a population of 2,085,940 people, Depok City generated 310,443 tons of waste, with the largest
proportion being food waste at 62.95% [5]. The accumulation of waste over 30 m in height at the Cipayung
Final Disposal Site has harmed the health of residents in the Cipayung Sub-district of Depok City [6]. Depok
City, one of Indonesia's most densely populated cities, faces urban waste management challenges attributed
to high and continually increasing waste production, where only 56% can be transported to landfills, primarily
constrained by financial issues [7]. Depok City ranked third in West Java for the highest waste production at
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1,418.87 tons per day, predominantly household waste, with a significant portion being food waste (62.95%),
plastic (21.36%), paper (6.10%), and various other materials (7.24%) [8].

Bioconversion is a method for transforming organic waste into sustainable resources BSF (Black Soldier Fly)
larvae is known to be one of the ways involved in this process [9]. BSF, originating in America and adaptable
to subtropical and tropical regions, has an extraordinary ability to reproduce in various organic substrates
because of its high tolerance to pH changes, with BSF larvae being nutritionally rich, especially in protein
content [10]. BSF larvae can reduce waste volume and support sustainable resource recovery by transforming
biosolids into high-value biomass in a short period, creating the potential for a circular economy [11] and
providing insights into sustainable waste reduction strategies [12]. BSF larvae can mitigate the negative
impacts of food waste on the environment, while providing a sustainable protein source through the
conversion of waste into biomass, which can be used as an alternative food source [13].

The BSF larvae extract has an amino acid content similar to fish meal, and its use can improve the physical
and chemical quality of eggs. Meanwhile, providing live maggots as feed can reduce the fat content in the
blood of laying hens [14]. BSF larvae are highly effective in processing organic waste, achieving conversion
rates of 81.98% for vegetable waste, 81.23% for fruit waste, and 42.71% for garden waste, surpassing the
20% rate achieved through organic waste management without larvae [15]. The feeding of BSF larvae meal
to chickens has a positive impact, with an increase in egg production by 2.60% and egg weight by 4.47% in
the treatment group compared with the control group [16]. Oil and meal from BSF larvae can be used as food
energy, protein, and amino acids for chicken maintenance, egg production, and yolk pigmentation. However,
there may be an upper limit for food inclusion [17]. The use of BSF larvae for food waste not only provides a
solution for waste management, but also generates insect biomass and organic fertilizer as valuable by-
products [18], a protein source for animal feed such as livestock [19], alternative fish nutrition [20], and
reduces methane emissions [21].

Sustainable development in 2030 aims to reduce food waste through upcycling to maintain nutritional value
and financial benefits, while enhancing global food security and reducing environmental impact [22].
However, there are challenges in environmental waste management, including public awareness,
infrastructure, stakeholder involvement, waste availability, and threats to sustainability [23]. Depok City, as
a part of the metropolitan area, faces a significant issue of organic waste. To address this challenge, a design
thinking approach is employed, involving stakeholders, to create more effective solutions for organic waste
management [24].

Establishing long-term sustainability measures is crucial for the success of BSF larvae programs for waste
management. This includes optimizing efficiency, raising public awareness, engaging stakeholders, and
improving the infrastructure. Sustainable development goals emphasize the importance of reducing food
waste through innovative methods, such as upcycling, which benefits the environment and global food
security. Therefore, a thorough study is needed to identify key points for enhancing the sustainability of BSF
larvae utilization in waste management. Integrating sustainability principles into program design and
implementation is essential for the long-term effectiveness of reducing the environmental impacts of waste
accumulation.

This study aimed to identify key leverage points for the sustainability of BSF larvae utilization in waste
management. This study highlights the importance of integrating BSF larvae into waste management
strategies to address significant challenges related to waste accumulation and environmental pollution. Cities
such as Depok can develop more effective waste management systems by implementing sustainable
measures, such as improving the efficiency of BSF larvae and enhancing infrastructure. These steps can
strengthen community participation and support broader sustainability goals.

Materials and Methods

Study Area

The study was conducted from November 2022 to October 2023 in Depok City, Indonesia. Depok City is
located at a latitude of 6°18'30"-6°28'00"S and a longitude of 106°42'30"-106°55'30"E, with a total area of
199.98 km?. It is situated between two major rivers, namely, the Ciliwung and Cisadane River Basins [25]. This
study was conducted at four BSF larvae utilization points in the Mekarjaya, Baktijaya, Cipayung Jaya, and
Kukusan Sub-districts. The research location map is shown in Figure 1.
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Figure 1. Study area.

Data Collection

Both primary and secondary data were used in this study. Primary data were obtained and collected directly
through field observations. Data on social, economic, environmental, and governance aspects were obtained
from secondary data and confirmed through the Focus Group Discussion (FGD) method involving experts and
practitioners in BSF larvae utilization. Secondary data were collected through literature review of various
documents from relevant institutions and previous research findings.

Data Analysis

The sustainability status of integrated waste management can be analyzed using a multidimensional scaling
method. The tool employed for this methodology is RAPFISH software [26]. The stages of sustainability
analysis include problem identification, determination of sustainability attributes, assessment of
sustainability attributes, Monte Carlo analysis, leverage analysis, and the identification of key sustainability
leverage points. Ordination analysis is carried out through several steps, including (1) determining attributes,
(2) assessing each attribute using an ordinal scale (scoring) based on sustainability criteria from each
dimension, (3) Using the Multidimensional Scaling (MDS) method in RAPFISH ordination analysis to determine
ordination and stress values, (4) evaluating multidimensional sustainability indices and status for each
dimension, and (5) conducting sensitivity analysis (Leverage Analysis) to determine the most sensitive factors
influencing sustainability.

The RAPFISH analysis method employs ordination techniques with MDS, Monte Carlo analysis for the stability
of ordination results, and leverage analysis to identify sensitive attributes across various dimensions to
evaluate multidisciplinary sustainability [27]. Sustainability can also be measured by analyzing 5 (five)
dimensions: environmental, social, economic, government, and technological aspects [28].

To assess sustainability, scores for each attribute were analyzed using Multi-Dimensional Scaling (MDS), with
estimated score values for each dimension expressed on a scale ranging from 0 (worst) to 100 (best) [29].
The intervals of the sustainability indices are listed in Table 1.

Table 1. Sustainability index and its status.

No Index Category Sustainability status
1 0.00 - 25.00 Bad Unsustainable

2 25.01-50.00 Low Less sustainable

3 50.01-75.00 Medium  Relatively sustainable
4 75.00-100.00 High Highly sustainable

Source: Kavanagh and Pitcher [30].
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Results and Discussion

The attributes of the sustainability analysis were obtained from literature. The attributes and sources of
references are listed in Table 2. From Table 3, the average sustainability values range from 62.59 to 68.06.
This indicates that the program is considered “relatively sustainable”.

Table 2. Sustainability attributes and the references for each dimension.

References
Tonini et al. [31]

No Dimension Attributes

1 Environment Land use

2 Social

3 Economy

4 Technology

Water ecotoxicity

Waste reduction

Chemical fertilizers substitution
Greenhouse gas emissions
Negative Impact

Public acceptance

Social equity

Odours

Job creation

High risk for employees
Noise

Cost of raw materials
Investment costs
Maintenance costs
Revenue

Population affected or served
Revenue from byproduct
Capacity

Supporting machine/tools
Technical reliability
Technology maturity

Energy consumption

Vandermeersch et al. [32]
Chaudhary et al. [33]
lacovidou and Voulvoulis [34]
lvic et al. [35]

Tonini et al. [31]

Pubule et al. [36]

lacovidou and Voulvoulis [34]
Tonini et al. [31]

Tonini et al. [31]

lvic et al. [35]

lacovidou and Voulvoulis [34]
lacovidou and Voulvoulis [34]
Tonini et al. [31]

Stefanovié et al. [37]
Stefanovié et al. [37]

Achillas et al. [38]

lacovidou and Voulvoulis [34]

Taelman et al. [39]

Achillas et al. [38]
Wang et al. [40]
Rodrigues et al. [41]

Applicability Achillas et al. [38]

5 Governance  Local community Ivic et al. [35]
Partnership Ivic et al. [35]
Supply chain Ivic et al. [35]
Training Rodrigues et al. [41]

Support from government

Monitoring and reporting

Kocmanova and Simberova [42]

Table 3. Sustainability index at different locations in Depok City.

No. Location Environment Social Economy Governance Technology Average
1 Cipayung Jaya Sub-district  73.10 64.85 66.88 44.37 63.75 62.59
2 Kukusan Sub-district 81.49 66.84 68.28 49.95 63.25 65.96
3 Bakti Jaya Sub-district 77.91 68.89 58.25 71.53 63.73 68.06
4 Mekar Jaya Sub-district 72.53 71.56 60.54 42.35 86.19 66.63
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The BSF larvae utilization location in the Bakti Jaya Sub-district has the highest sustainability value of 68.06.
In contrast, the lowest sustainability value was in the Cipayung Jaya Sub-district, which was 62.59. The lowest
value is in the governance dimension of the Mekarjaya Sub-district, which is 42.35. This indicates that the
governance dimension can be a leverage point for program sustainability.

Figure 2 shows the sustainability status for each dimension. The highest environmental dimension was in the
BSF larvae utilization location in the Kukusan Sub-district, with a sustainability value of 81.49. Meanwhile, the
location in the Mekar Jaya Sub-district had the lowest sustainability value of 72.53. This indicates that the
BSF larvae utilization location in the Kukusan Sub-district can serve as a model for other areas, especially in
the environmental dimension. The highest social dimension was in the BSF larvae utilization location in the
Mekar Jaya Sub-district, with a sustainability value of 71.56. Meanwhile, the location in the Cipayung Jaya
Sub-district had the lowest sustainability value of 64.85. This indicates that the location of BSF larvae
utilization in the Mekar Jaya Sub-district can serve as a model for other areas, especially in the social
dimension.

Environment

Technology Social == Cipayung Jaya
= Kukusan
Bakti Jaya

== ekar Jaya

Governance Economy

Figure 2. Sustainability kite diagram at different locations.

The highest economic dimension was in the BSF larvae utilization location in the Kukusan Sub-district, with a
sustainability value of 68.28. The Bakti Jaya Sub-district has the lowest sustainability value (58.25). This
indicates that the BSF larvae utilization location in Kukusan Sub-district can serve as a model for other areas,
especially in the economic dimension. The highest technology dimension was in the BSF larvae utilization
location in the Mekar Jaya Sub-district, with a sustainability value of 86.19. Meanwhile, the location in the
Kukusan Sub-district had the lowest sustainability value (63.25). This indicates that the BSF larvae utilization
location in the Mekar Jaya Sub-district can be used as a model for other areas, particularly in the technology
dimension.

The highest governance dimension was in the BSF larvae utilization location in the Bakti Jaya Sub-district,
with a sustainability value of 71.53. Meanwhile, the Mekar Jaya Sub-district location had the lowest
sustainability value (42.35). This indicates that the location of BSF larvae utilization in the Bakti Jaya Sub-
district can serve as a model for other areas, especially in the governance dimension. In particular, the
governance dimension had the lowest value compared with the other dimensions, with sustainability values
below 50%. This indicates that the sustainability status for the governance dimension is “less sustainable”.
Therefore, the governance dimension of BSF larvae utilization needs improvement to enhance its
sustainability status. The factors influencing sustainability in the governance dimensions include several key
elements.

First, active involvement and support from the local community plays a critical role in ensuring the project's
sustainability. Their participation spans various areas, from waste management initiatives to active
engagement in socioeconomic programs linked to the project's objectives. Partnership or collaboration with
external parties, including government bodies, non-governmental organizations, and private enterprises, is
also essential. Such partnerships enhance a project's effectiveness and long-term viability. Moreover,
maintaining a stable supply chain of raw waste materials is crucial for the continuous operation of the BSF
larvae utilization project. Additionally, providing adequate training for the local community regarding waste
management practices and BSF larvae cultivation techniques strengthens their capabilities and
understanding, thereby bolstering the project's sustainability.
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Government support in the form of regulations, permits, and technical assistance further contributes to
ensuring the operational sustainability of the project. Finally, implementing effective monitoring and
reporting systems enables the identification of issues, tracking progress, and measuring a project's impact.
This facilitates timely corrective actions and adjustments to strategies, ensuring project sustainability in the
long run. By considering and implementing these factors effectively, the likelihood of success and
sustainability of the BSF larvae utilization program in Bakti Jaya and Mekar Jaya Sub-Districts can be
significantly increased. The key sustainability attributes in this research for each dimension include waste
reduction level (environmental dimension), provision of new jobs and odors (social dimension), economic
impact on the community (economic dimension), availability of supporting machines (technological
dimension), and support from government (governance dimension).

Figure 3 shows the data processing results, indicating the sustainability attributes. Regarding the
environmental dimension, the attribute that can be a key leverage for sustainability is the amount of waste
reduction, with a value of 7.14. This indicates that the amount of waste reduction in BSF larvae utilization has
not significantly addressed the waste issue in Depok City. Therefore, attention and improvement are needed
for this waste reduction attribute to increase the sustainability values. Information from the FGD results
suggests that this is due, among other things, to the difficulty of each BSF larvae utilization location in
obtaining waste as raw material. In addition, the effectiveness of waste management needs to be improved
to increase the waste reduction rate. This can be achieved, among other things, by guiding optimal BSF larvae
utilization.

Land use 2.09
Water ecotoxity 1.62

Waste reduction 7.14
Chemical fertilisers substitution 2.23
Greenhouse gas emissions 2,97
Negative Impact 2.25

Figure 3. Environmental dimension of waste alleviation.

Waste reduction is crucial in the environmental dimension as it is the main goal of BSF larvae utilization. This
aligns with several previous studies stating that one of the benefits of BSF larvae is the reduction in
environmental waste. Other studies have shown that BSF larvae can reduce waste [43] and transform organic
waste into biomass [44]. BSF larvae consume 200 mg of food waste per day [45] and convert it into biomass
[46].

Public acceptance | 3.23

Social equity | 2.25

Odours | 4.97

Job creation | 4.95

High risk for employees | 2.5

Noise 1.45

Figure 4. Social dimension of waste alleviation.
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Figure 4 displays the attributes of the social dimension. Regarding social dimension, the attribute to consider
is the availability of new job opportunities. The key leverage attributes for sustainability in the social
dimension are new job opportunities and odours, with sustainability values of 4.95 and 4.97. This indicates
that to enhance the sustainability of the social dimension, each location needs to assure the community that
waste management infrastructure using BSF larvae does not produce odours, as perceived by some
community members. Direct field observations showed that waste management at each location did not
generate disturbing odours. One way to address this issue is to re-communicate waste management using
BSF larvae to the community, addressing concerns about odours and creating new job opportunities.
Therefore, government assistance is needed, especially to raise awareness among the community about the
benefits of waste management using BSF larvae.

The key attributes of the social dimension are odours and the provision of new job opportunities. Odours
from the BSF larvae utilization process are crucial as they affect the community's decision to grant permits to
construct BSF infrastructure in the surrounding areas. Based on field surveys, the BSF infrastructure does not
produce odours because BSF larvae can rapidly degrade organic waste. Concerning this, the community needs
to be educated that BSF infrastructure does not create odours that will disturb the environment around their
homes. Providing new job opportunities, such as serving as technical BSF operators for waste collection and
maintaining the BSF cycle, can be an attraction for this program.

Cost of raw materials 2.25

Investment costs | 3.68

Maintenance costs | 3.37

Revenue 1.78

Population affected or served | 4.17

Revenue from byproduct | 1.87

Figure 5. Economic dimension of waste alleviation.

Figure 5 illustrates the sustainability attributes of the economic dimension. For the economic dimension, the
key leverage attribute for sustainability was the economic impact on the community, with a value of 4.17.
This indicates that community engagement in BSF larvae utilization is more likely if they can experience
economic benefits. Therefore, more rational reasons regarding waste management using BSF larvae in the
community are needed, such as reducing waste collection fees or providing incentives to the community.

The key economic attribute is the economic impact on the community. For this aspect, the community needs
socialization and education about the economic impact, including increased income from the sale of BSF eggs,
BSF larvae, and by-products such as organic fertilizer. The market for selling BSF eggs includes other BSF
operators or community members interested in implementing this program. The market for selling BSF larvae
includes livestock farmers, ornamental fish breeders, and others. The market for selling organic fertilizers
includes planters and plant enthusiasts in the community. This aligns with other studies indicating that
cultivating BSF larvae as an alternative high-quality animal feed can create promising business opportunities.
[47]. The results of other studies indicate that the majority of consumers have a positive perception of eggs
from chickens fed with BSF larvae feed [48]. Other studies have revealed that feeding Nile tilapia fry with a
diet of BSF larvae improved growth, feed efficiency, liver and intestinal organs, enhanced productivity,
reduced feed costs by 30%, and yielded an economic return that was 4% higher [49].

Figure 6 presents the data on the sustainability attributes of the technological dimension. For the
technological dimension, the attribute that can be a key leverage for sustainability is the availability of
supporting tools. The supporting tools in question include waste shredding machines, temperature-
measuring devices, and humidity-measuring devices to enhance the performance of BSF larvae in the
bioconversion process. It would be even better if 10T (Internet of Things) is utilized to monitor the actual
performance of BSF larvae. The key attribute of the technological dimension is the availability of supporting
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tools such as waste shredding machines. A waste shredding machine is crucial for effective and efficient
operation of the bioconversion process. This aligns with previous research stating that the bioconversion
process using BSF larvae as biodegradation agents can transform up to 84% of market organic waste when
shredded and 69% of non-shredded waste [50].

Capacity | 3.72

Supporting machine/tools 5.31

Technical reliability | 3.14

Technology maturity 0.93

Energy consumption | 3.22

Applicability | 2.39

Figure 6. Technology dimension of waste alleviation.

Figure 7 displays the sustainability attributes, particularly in terms of governance. One attribute requiring
attention is government support. Government support in this case came from the Department of
Environmental and Cleanliness, the agency responsible for waste management in Depok City. During the
study period, government support included financial and technical expertise. Financial aid can support the
implementation of waste management by using BSF larvae. Government agencies also offer technical
expertise and guidance to project stakeholders, providing insights into best practices, technology adoption,
and operational optimization. As shown in the data above, the governance dimension is the lowest among
the dimensions with a status of “less sustainable”. Therefore, the governance dimension needs more
attention, as it is a key dimension for a program's success. Figure 6 indicates that the key leverage attributes
for sustainability are support from the government, availability of waste raw materials, and involvement of
the local community.

Local community | 3.10
Partnership | 3.01
Supply chain | 3.83
Training | 2.92
Support from government 6.31
Monitoring and reporting | 2.08

Figure 7. Governance dimension of waste alleviation.

Among the five measured sustainability dimensions, governance was the key dimension for the sustainability
of this program. Attributes of the governance dimension include support from the government, availability
of waste raw materials, involvement of the local community, collaboration with various parties, training, and
monitoring and reporting. Government support is crucial in waste management using BSF larvae, including
accompanying BSF operators to optimally implement the program, conducting public awareness campaigns
to encourage community involvement, and actively involving entrepreneurs to support the program. This
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research is alighed with the responsibilities of the government, which covers environmental issues, including
policy formulation, technical implementation, administration, monitoring, and evaluation. The results of this
research are also consistent with those of previous studies, indicating that one of the key sustainability factors
for waste programs is stimulation and facilitation by local governments [51]. Another study states that the
limited number of field officers in the DLHK (Dinas Lingkungan Hidup dan Kebersihan) and the need for more
consistency in conducting socialization are two factors hindering the effectiveness of the Zero Waste City
program implementation [8].

The second attribute of the governance dimension was the availability of raw waste materials. The availability
of raw materials, particularly waste, requires further attention. In this case, the city government and the
Department of Environmental and Cleanliness can coordinate with the Department of Youth, Sports, Culture,
and Tourism to collaborate with entrepreneurs in managing waste generated by hotels, restaurants, and
cafes. The Department of Environmental and Cleanliness can also collaborate with the Department of Trade
and Industry and the Market Management Unit to provide raw waste materials, especially from markets.
Based on the field survey, BSF managers independently and proactively obtained organic waste from various
sources such as restaurants, markets, and households. Although free, BSF operators must expend efforts to
collect waste from their sources. In the future, it would be better if BSF operators only collected waste from
Temporary Collection Points.

The third attribute of the governance dimension was the involvement of the local community. The
involvement of the local community is also crucial, including youth organizations, family welfare
empowerment, and community empowerment institutions, to actively participate in this program. This aligns
with previous research on strategies to address waste issues, including awareness campaigns, environmental
monitoring, training, and education [52], involving the community, communicating with the DLHK [24], and
education and mentoring [53]. Education on the cultivation of BSF larvae as an alternative high-quality animal
feed to address the issue of rising animal feed prices, increase poultry and fish production, and create
solutions for household organic waste management and promising business opportunities [47].

The fourth attribute of the governance dimension is collaboration between various parties. The Department
of Environmental and Cleanliness needs to coordinate and facilitate BSF operators to collaborate with
companies to channel Corporate Social Responsibility (CSR) for this program. CSR funds can be allocated to
finance infrastructure development or to support the operational aspects of BSF larvae utilization in Depok.
This aligns with previous research stating that waste management infrastructure is needed in Depok,
including the provision of maggot cultivation facilities in each neighborhood [54], improving awareness of
waste separation, and seeking alternative funding sources to support waste management operations in the
area [55].

The fifth attribute of the governance dimension was training. Training is crucial for both BSF operators and
the community to ensure the effective implementation of BSF larvae utilization. This aligns with previous
research that highlights strategies to reduce waste, including socialization, environmental monitoring,
training, and education [52]. The sixth attribute of the governance dimension is monitoring and reporting.
This process is also crucial for continuously evaluating the BSF larvae utilization process to seek improvement.

In this study, the sustainability evaluation of the BSF larvae utilization program for waste management in
various sub-districts of Depok City yielded findings that provide a comprehensive overview of the program's
performance, indicating that it is "relatively sustainable". Through an analysis of sustainability attributes, it is
evident that waste reduction, public acceptance, economic impact, availability of technological support tools,
and government support are key factors in maintaining the sustainability of the program. These results
emphasize the importance of an integrated approach involving active community participation, collaboration
with the government, and technological optimization to achieve better sustainability. Additionally, it is crucial
to strengthen the governance dimension, particularly through increased government support, community
engagement, and training as strategic measures to enhance the sustainability of the BSF larvae program.

Conclusions

Overall, using BSF larvae for environmental waste management is deemed “relatively sustainable”. The key
leverage points for the sustainability of this program lie in the governance dimension, especially the support
from the Government (Department of Environmental and Cleanliness). For future research, it is
recommended to investigate the involvement of various stakeholders in the success of this program.

http://dx.doi.org/10.29244/jpsl.15.1.19 JPSL, 15(1) | 27



Author Contributions

SZ, AJ, BNP, MRF: Conception and design of the study; SZ, TT: Acquisition of data; SZ, TT: Analysis and/or
interpretation of data, Sz, AJ: Drafting the manuscript, and AJ, BNP, MRF: Critical review/revision.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors are grateful to LAZ Zakat Sukses Foundation and its partners that have facilitated this research,
especially the research location.

References

1.

10.

11.

12.

13.

Chhandama, M.V.L.; Chetia, A.C.; Satyan, K.B.; Supongsenla, A.; Ruatpuia, J.V.; Rokhum, S.L. Valorisation
of Food Waste to Sustainable Energy and Other Value-Added Products: A Review. Bioresource
Technology Reports 2022, 17, 100945, doi:10.1016/j.biteb.2022.100945.

Delley, M.; Brunner, T.A. Foodwaste within Swiss Households: A Segmentation of the Population and
Suggestions for Preventive Measures. Resources, Conservation and Recycling 2017, 122, 172-184,
doi:10.1016/j.resconrec.2017.02.008.

Negri, C.; Ricci, M.; Zilio, M.; D’lmporzano, G.; Qiao, W.; Dong, R.; Adani, F. Anaerobic Digestion of Food
Waste for Bio-Energy Production in China and Southeast Asia: A Review. Renewable and Sustainable
Energy Reviews 2020, 133, 1-21, doi:10.1016/j.rser.2020.110138.

Tubiello, F.N.; Rosenzweig, C.; Conchedda, G.; Karl, K.; Gltschow, J.; Xueyao, P.; Obli-Laryea, G.; Wanner,
N.; Qiu, S.Y.; Barros, J.D.; et al. Greenhouse Gas Emissions from Food Systems: Building the Evidence
Base. Environmental Research Letters 2021, 16, 065007, doi:10.1088/1748-9326/ac018e.

Rahayuningtyas, C.M.; Sodri, A.; Astuti, L.T.M. Peran Bank Sampah Dalam Pengelolaan Sampah Plastik di
Depok. EnviroScienteae 2023, 19, 114-122, doi:10.20527/es.v19i2.15163.

Emilda, E.; Septiani, N.; Pratiwi, R. Dampak Pengelolaan Sampah di TPA Cipayung pada Kesehatan
Masyarakat. Jurnal llmiah lImu Kesehatan: Wawasan Kesehatan 2019, 5, 246—252, doi:10.33485/jiik-
wk.v5i2.138.

Amri, S.; Martono, D.N.; Supriatna; Soesilo, T.E.B. Mapping Out the Municipal Solid Waste Generation
and Collection Model Using Spatial Multi-Criteria Evaluation. IOP Conf. Ser.: Earth Environ. Sci. 2021, 716,
012011, doi:10.1088/1755-1315/716/1/012011.

Azani, S.S.; Purbaningrum, D.G. Implementation of “Zero Waste City” Policy Program Realizing the Smart
Environment in Depok City. Jurnal PubBis 2023, 7, 65—80.

Niu, S.H.; Liu, S.; Deng, W.K.; Wu, R.T.; Cai, Y.F.; Liao, X.D.; Xing, S.C. A Sustainable and Economic Strategy
to Reduce Risk Antibiotic Resistance Genes during Poultry Manure Bioconversion by Black Soldier Fly
Hermetia Illucens Larvae: Larval Density Adjustment. Ecotoxicology and Environmental Safety 2022, 232,
1-12, doi:10.1016/j.ecoenv.2022.113294.

Andari, G.; Ginting, N.M.; Nurdiana, R. Black Soldier Fly Larvae (Hermetia illucens) as a Waste Reduction
Agent and an Alternative Livestock Feed. JIPT 2021, 9, 246, 246—252, doi:10.23960/jipt.v9i3.p246-252.

Bohm, K.; Hatley, G.A.; Robinson, B.H.; Gutiérrez-Ginés, M.J). Black Soldier Fly-Based Bioconversion of
Biosolids Creates High-Value Products with Low Heavy Metal Concentrations. Resources, Conservation
and Recycling 2022, 180, 1-11, doi:10.1016/j.resconrec.2021.106149.

Zulkifli, S.; Jayanegara, A.; Pramudya, B.; Fahmi, M.R.; Rahmadani, M. Alleviation of Selected
Environmental Waste through Biodegradation by Black Soldier Fly (Hermetia illucens) Larvae: A Meta-
Analysis. Recycling 2023, 8, 1-13, doi:10.3390/recycling8060083.

Hopkins, I.; Newman, L.P.; Gill, H.; Danaher, J. The Influence of Food Waste Rearing Substrates on Black
Soldier Fly Larvae Protein Composition: A Systematic Review. Insects 2021, 12, 1-20,
do0i:10.3390/insects12070608.

This journal is © Zulkifli et al. 2025 JPSL, 15(1) | 28



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Irawan, A.C.; Astuti, D.A.; Wibawan, I.W.T.; Hermana, W. Impact of the Feeding with the Black Soldier
Fly (Hermetia illucens) on Egg Physical Quality, Egg Chemical Quality and Lipid Metabolism of Laying
Hens. Journal of Physics: Conference Series 2019, 1351, 01208.

Hartono, R.; Anggrainy, A.D.; Bagastyo, A.Y. Pengaruh Komposisi Sampah dan Feeding Rate Terhadap
Proses Biokonversi Sampah Organik Oleh Larva Black Soldier Fly (BSF). Jurnal Teknik Kimia dan
Lingkungan 2021, 5, 181-193, doi:10.33795/jtkl.v5i2.231.

Park, B.S.; Um, K.H.; Choi, W.K.; Park, S.O. Effect of Feeding Black Soldier Fly Pupa Meal in the Diet on
Egg Production, Egg Quality, Blood Lipid Profiles and Faecal Bacteria in Laying Hens. European Poultry
Science 2017, 81, 1-12, d0i:10.1399/eps.2017.202.

Patterson, P.H.; Acar, N.; Ferguson, A.D.; Trimble, L.D.; Sciubba, H.B.; Koutsos, E.A. The Impact of Dietary
Black Soldier Fly Larvae Oil and Meal on Laying Hen Performance and Egg Quality. Poultry Science 2021,
100, 1-8, doi:10.1016/j.psj.2021.101272.

Fu, S.F.; Wang, D.H.; Xie, Z.; Zou, H.; Zheng, Y. Producing Insect Protein from Food Waste Digestate via
Black Soldier Fly Larvae Cultivation: A Promising Choice for Digestate Disposal. Science of the Total
Environment 2022, 830, 1-9, doi:10.1016/j.scitotenv.2022.154654.

Jayanegara, A.; Novandri, B.; Yantina, N.; Ridla, M. Use of Black Soldier Fly Larvae (Hermetia illucens) to
Substitute Soybean Meal in Ruminant Diet: An in Vitro Rumen Fermentation Study. Veterinary World
2017, 10, 1439-1446, doi:10.14202/vetworld.2017.1439-1446.

Fahmi, M.R.; Nurjanah, N.; Sudadi, A.; Adanitri, G.; Melisza, N. The Nutrient Content of Nile Tilapia Fed
With Black Soldier Fly (BSF) Larvae. AACL Bioflux 2021, 14, 2718-2727.

Jayanegara, A.; Haryati, R.P.; Nafisah, A.; Suptijah, P.; Ridla, M.; Laconi, E.B. Derivatization of Chitin and
Chitosan from Black Soldier Fly (Hermetia illucens) and Their Use as Feed Additives: An in Vitro Study.
Advances in Animal and Veterinary Sciences 2020, 8, 472—477.

Thorsen, M.; Skeaff, S.; Goodman-Smith, F.; Thong, B.; Bremer, P.; Mirosa, M. Upcycled Foods: A Nudge
toward Nutrition. Frontiers in Nutrition 2022, 9, 1-7, doi:10.3389/fnut.2022.1071829.

Yu,Y.; Zhang, J.; Zhu, F.; Fan, M.; Zheng, J.; Cai, M.; Zheng, L.; Huang, F.; Yu, Z.; Zhang, J. Enhanced Protein
Degradation by Black Soldier Fly Larvae (Hermetia illucens 1.) and Its Gut Microbes. Frontiers in
Microbiology 2023, 13, 1-18, d0i:10.3389/fmicb.2022.1095025.

Rois, M.; Mubarak, A.; Suzianti, A. Designing Solution for Organic Waste Management System with
Design Thinking Approach (Case Study in Depok). IOP Conf. Ser.: Earth Environ. Sci. 2020, 464, 012002.

Atiqi, R.; Dimyati, M.; Gamal, A.; Pramayuda, R. Appraisal of Building Price in Urban Area Using Light
Detection and Ranging (LiDAR) Data in Depok City. Land 2022, 11, 1-15, doi:10.3390/land11081320.

Sukwika, T.; Noviana, L. Status Keberlanjutan Pengelolaan Sampah Terpadu di TPST-Bantargebang,
Bekasi: Menggunakan Rapfish Dengan R Statistik. Jurnal IImu Lingkungan 2020, 18, 107-118,
doi:10.14710/jil.18.1.107-118.

Ramadhanty, N.R.; Setiawan, J.F.; Rudiyanto; Widodo; Kristijarso; Aini, S.; Putra, A.; Arisandi, P. Rapfish
Analysis (Rapid Appraisal for Fisheries) for Sustainability of Lobster (Panulirus Sp.) in Coastal Cilacap with
a Blue Economy Approach to Maritime Security. American Academic Scientific Research Journal for
Engineering, Technology, and Sciences (ASRJETS) 2022, 85, 41-59.

Taufek, N.M.; Lim, J.Z.Y.; Bakar, N.H.A. Comparative Evaluation of Hermetia illucens Larvae Reared on
Different Substrates for Red Tilapia Diet: Effect on Growth and Body Composition. Journal of Insects as
Food and Feed 2021, 7, 79-88, doi:10.3920/JIFF2019.0058.

Kholil, K. The Use of MDS (Multidimensional Scaling) Method to Analyze the Level of Sustainability of
Fisheries Resources Management in Thousand lIslands, Indonesia. International Journal of Marine
Science 2014, 4, 245-252, doi:10.5376/ijms.2014.04.0027.

Kavanagh, P.; Pitcher, T.J. Implementing Microsoft Excel Software for Rapfish: A Technique for the Rapid
Appraisal of Fisheries Status; Fisheries Centre. University of British Columbia: Canada, USA, 2004;

Tonini, D.; Wandl, A.; Meister, K.; Unceta, P.M.; Taelman, S.E.; Sanjuan-Delmas, D.; Dewulf, J.; Huygens,
D. Quantitative Sustainability Assessment of Household Food Waste Management in the Amsterdam
Metropolitan Area. Resources, Conservation and Recycling 2020, 160, 104854,
doi:10.1016/j.resconrec.2020.104854.

http://dx.doi.org/10.29244/jpsl.15.1.19 JPSL, 15(1) | 29



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Vandermeersch, T.; Alvarenga, R.A.F.; Ragaert, P.; Dewulf, J. Environmental Sustainability Assessment of
Food Waste Valorization Options. Resources, Conservation and Recycling 2014, 87, 57-64,
doi:10.1016/j.resconrec.2014.03.008.

Chaudhary, A.; Gustafson, D.; Mathys, A. Multi-Indicator Sustainability Assessment of Global Food
Systems. Nat Commun. 2018, 9, 1-13, doi:10.1038/s41467-018-03308-7.

lacovidou, E.; Voulvoulis, N. A Multi-Criteria Sustainability Assessment Framework: Development and
Application in Comparing Two Food Waste Management Options Using a UK Region as a Case Study.
Environ Sci Pollut Res. 2018, 25, 35821-35834, d0i:10.1007/s11356-018-2479-z.

Ivic, A.; Saviolidis, N.M.; Johannsdottir, L. Drivers of Sustainability Practices and Contributions to
Sustainable Development Evident in Sustainability Reports of European Mining Companies. Discov
Sustain 2021, 2, 1-17, doi:10.1007/s43621-021-00025-y.

Pubule, J.; Blumberga, A.; Romagnoli, F.; Blumberga, D. Finding an Optimal Solution for Biowaste
Management in the Baltic States. Journal of Cleaner Production 2015, 88, 214-223,
doi:10.1016/j.jclepro.2014.04.053.

Stefanovi¢, G.; Milutinovié, B.; Vucicevi¢, B.; Denci¢-Mihajlov, K.; Turanjanin, V. A Comparison of the
Analytic Hierarchy Process and the Analysis and Synthesis of Parameters under Information Deficiency
Method for Assessing the Sustainability of Waste Management Scenarios. Journal of Cleaner Production
2016, 130, 155-165, doi:10.1016/j.jclepro.2015.12.050.

Achillas, C.; Moussiopoulos, N.; Karagiannidis, A.; Banias, G.; Perkoulidis, G. The Use of Multi-Criteria
Decision Analysis to Tackle Waste Management Problems: A Literature Review. Waste Manag Res. 2013,
31,115-129, doi:10.1177/0734242X12470203.

Taelman, S.; Tonini, D.; Wandl, A.; Dewulf, J. A Holistic Sustainability Framework for Waste Management
in European Cities: Concept Development. Sustainability 2018, 10, 1-33, doi:10.3390/s5u10072184.

Wang, B.; Song, J.; Ren, J.; Li, K;; Duan, H.; Wang, X. Selecting Sustainable Energy Conversion
Technologies for Agricultural Residues: A Fuzzy AHP-Vikor Based Prioritization from Life Cycle
Perspective. Resources, Conservation and Recycling 2019, 142, 78-87,
doi:10.1016/j.resconrec.2018.11.011.

Rodrigues, A.P.; Fernandes, M.L.; Rodrigues, M.F.F.; Bortoluzzi, S.C.; da Costa, S.E.G.; de Lima, E.P.
Developing Criteria for Performance Assessment in Municipal Solid Waste Management. Journal of
Cleaner Production 2018, 186, 748-757, doi:10.1016/j.jclepro.2018.03.067.

Kocmanovd, A.; Simberovd, I. Determination of Environmental, Social and Corporate Governance
Indicators: Framework in the Measurement of Sustainable Performance. Journal of Business Economics
and Management 2014, 15, 1017-1033, do0i:10.3846/16111699.2013.791637.

Nguyen, T.T.X.; Tomberlin, J.K.; Vanlaerhoven, S. Ability of Black Soldier Fly (Diptera: Stratiomyidae)
Larvae to Recycle Food Waste. Environmental Entomology 2015, 44, 406—410, doi:10.1093/ee/nvv002.

Sanjaya, Y.; Suhara; Nurjhani, M.; Halimah, M. The Role of Black Soldier Fly (BSF) Hermetia illuncens as
Organic Waste Treatment. J. Phys.: Conf. Ser. 2019, 1317, 012094.

Attiogbe, F.K.; Ayim, N.Y.K.; Martey, J. Effectiveness of Black Soldier Fly Larvae in Composting Mercury
Contaminated Organic Waste. Scientific African 2019, 6, 1-10, doi:10.1016/j.sciaf.2019.e00205.

Julita, U.; Fatimah, S.; Suryani, Y.; Kinasih, 1.; Fitri, L.; Permana, A. Bioconversion of Food Waste by Black
Soldier Fly, Hermetia lllucens Larvae (Diptera: Stratiomyidae L.) for Alternative Animal Feed Stock. In
Proceedings of the 1st International Conference on Islam, Science and Technology (ICONISTECH),
Bandung, ID, 11-12 July 2019.

Ahmad, S.; Sulistyowati. Pemberdayaan Masyarakat Budidaya Maggot BSF dalam Mengatasi Kenaikan
Harga Pakan Ternak. Journal of Empowerment 2021, 2, 243-260.

Khaemba, C.N.; Kidoido, M.M.; Owuor, G.; Tanga, C.M. Consumers’ Perception towards Eggs from Laying
Hens Fed Commercial Black Soldier Fly (Hermetia illucens) Larvae Meal-Based Feeds. Poultry Science
2022, 101, 1-10, d0i:10.1016/j.psj.2021.101645.

Limbu, S.M.; Shoko, A.P.; Ulotu, E.E.; Luvanga, S.A.; Munyi, F.M.; John, J.O.; Opiyo, M.A. Black Soldier Fly
(Hermetia illucens, L.) Larvae Meal Improves Growth Performance, Feed Efficiency and Economic
Returns of Nile Tilapia (Oreochromis niloticus, L.) Fry. Aquaculture, Fish and Fisheries 2022, 2, 167-178.

This journal is © Zulkifli et al. 2025 JPSL, 15(1) | 30



50.

51.

52.

53.

54.

55.

Fajri, N.A.; Harmayani, R. Biokonversi Limbah Organik Menjadi Magot sebagai Sumber Protein Pengganti
Tepung lkan. Jurnal Sains Teknologi & Lingkungan 2020, 6, 223—231, doi:10.29303/jstl.v6i2.173.

Setyoadi, N.H. Faktor Pendorong Keberlanjutan Pengelolaan Sampah Rumah Tangga Berbasis Partisipasi
Masyarakat di Kota Balikpapan dan Bogor. Jurnal Sains dan Teknologi Lingkungan 2018, 10, 51-66.

Ratnawati, B.; Yani, M.; Suprihatin, S.; Hardjomidjojo, H.; Cholik, T.N.; Ardiyani, Q.T. Comparison of
Municipal Solid Waste Landfill Management in Depok City and Klaten Regency. /OP Conference Series:
Earth and Environmental Science 2022, 1109, 012040.

Hasnam, L.F.; Syarief, R.; Yusuf, A.M. Strategi Pengembangan Bank Sampah di Wilayah Depok. Jurnal
Aplikasi Bisnis dan Manajemen 2017, 3, 407-416, doi:10.17358/jabm.3.3.407.

Paramita, D.; Murtilaksono, K.; Manuwoto, M. Kajian Pengelolaan Sampah Berdasarkan Daya Dukung
Dan Kapasitas Tampung Prasarana Persampahan Kota Depok. Journal of Regional and Rural
Development Planning 2018, 2, 104—117, do0i:10.29244/jp2wd.2018.2.2.104-117.

Chaerul, M.; Aliyyu, D.A. Penanganan Sampah Skala Kawasan di Fasilitas Unit Pengolah Sampah dan Bank
Sampah Di Kota Depok. EnviroScienteae 2020, 16, 85—94, doi:10.20527/es.v16i1.9004.

http://dx.doi.org/10.29244/jpsl.15.1.19 JPSL, 15(1) | 31



