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ABSTRACT

Background: Pangkajene and Islands Regency (Pangkep) has a unique geographical character that combines
the karst foothills of Pangkep-Maros with a cluster of islands in the Makassar Strait. This condition has given
rise to an economy based on agriculture, fisheries, and industry, but on the other hand, it has also created waste
management issues, particularly with regard to organic waste from households and traditional markets, which
has the potential to cause odours, leachate, and greenhouse gas emissions if not managed properly. Method: The
study used a descriptive-exploratory qualitative approach with an embedded case study. The main "case" was
the ecosystem of organic waste utilisation for compost in Pangkep. Findings: This study shows that organic
waste is still the dominant fraction in Pangkep Regency, but its management is not yet optimal, causing
environmental problems such as odour, leachate, and potential greenhouse gas emissions. Conclusion: This
study confirms that organic waste in Pangkep Regency has great potential to be processed into compost, but its
utilisation is still far from optimal. Novelty/Originality of this article: The originality or uniqueness of this
article lies in its focus, which not only discusses organic waste management as an environmental issue, but also
directly links it to the needs of sustainable agriculture in Pangkep Regency. This article presents an integrative
approach by combining the potential of municipal waste and rice straw as compost raw materials, while also
assessing product quality based on the SNI17763:2018/2024 standard.

KEYWORDS: organic waste composting; sustainable waste management; environmental
health.

1. Introduction

Organic waste, primarily generated from households, markets, and agricultural
activities, is a major environmental challenge worldwide. This approach not only addresses
the critical issue of organic waste management but also significantly enhances soil fertility
and promotes ecological harmony within agricultural systems (Lhaj et al.,, 2024; Lida et al,,
2024). Composting, a natural decomposition process, transforms organic waste into
nutrient-rich material, offering a pivotal and rewarding approach to sustainable agriculture
by enhancing soil structure, moisture retention, and nutrient availability (Farouk et al,,
2024). When improperly managed, it leads to harmful consequences such as landfill
overflow, greenhouse gas emissions, and leachate contamination. However, through
controlled decomposition, composting redirects these waste streams into valuable organic
fertilizers, thereby mitigating environmental damage and fostering a circular economy

Cite This Article:
Mustari, S., & Yusriyanto. (2025). Transforming organic waste into compost: An integrative approach to sustainable
agriculture. EcoVision: Journal of Environmental Solutions, 2(2), 136-152. https://doi.org/10.61511/evojes.v2i2.2025.2236

Copyright: © 2025 by the authors. This article is distributed under the terms and conditions of the Creative @
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

EVOJES. 2025, VOLUME 2, ISSUE 2 https://doi.org/10.61511/evojes.v2i2.2025.2236


https://journal-iasssf.com/index.php/EVOJES
https://journal-iasssf.com/index.php/EVOJES
https://issn.brin.go.id/terbit/detail/20240307061637820
https://doi.org/10.61511/evojes.v2i2.2025.2236
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.61511/evojes.v2i2.2025.2236
https://journal-iasssf.com/index.php/
mailto:sahdankaraengrate@gmail.com

Mustari & Yusriyanto (2025) 137

(Lhaj et al., 2024). This process is further enhanced when enriched compost, fortified with
specific organic materials and beneficial microorganisms, is utilized to maximize its nutrient
content and biological activity, ultimately supporting soil health and reducing greenhouse
gas emissions (Lida et al, 2024). This transformation lessens reliance on synthetic
fertilizers and pesticides, fostering a more sustainable agricultural paradigm (Andey et al,,
2024; Lida et al., 2024). In many regions, organic waste makes up the largest portion of the
waste stream, creating both an environmental problem and an untapped resource for
sustainable agricultural practices. The conversion of this waste into compost represents a
significant opportunity to mitigate these environmental burdens while simultaneously
contributing to regenerative farming systems (Lida et al., 2024). This approach aligns with
circular economy principles by promoting nutrient recycling and reducing demand for
synthetic fertilizers, thus supporting sustainable agricultural practices and long-term food
security (Manea et al., 2024).

Composting offers a sustainable solution to address the environmental consequences
of organic waste management by diverting materials from landfills, which are significant
sources of methane emissions, and by producing a beneficial soil amendment (Hashim et al,,
2021; Manea et al, 2024). Through a natural biological process, organic waste is
transformed into valuable compost, a soil enhancer that improves soil fertility, increases
water retention, and fosters healthier agricultural ecosystems. This controlled process,
distinct from natural decomposition, necessitates regulated environmental conditions to
achieve optimal mineralization and maturation of organic matter into a stable, humus-like
product (Waqas et al, 2023). This final product, rich in organic matter and nutrients,
minimizes the need for chemical fertilizers and reduces environmental impact by diverting
waste from landfills (Hissham etal., 2024). This sustainable and cost-effective approach also
significantly reduces the emission of greenhouse gases that would otherwise be generated
by unscientific dumping of waste in landfills (Andey et al., 2024; Murugesan & Amarnath,
2020; Zgallai et al., 2023). Furthermore, the utilization of advanced composting techniques,
such as in-vessel composting and vermicomposting, alongside microbial inoculants,
significantly improves efficiency and compost quality (Manea et al., 2024).

Agriculture in Pangkep, particularly rice and horticulture, faces challenges such as soil
degradation, fluctuating fertilizer costs, and climate variability (Khoirunnisak et al., 2025).
These issues are further compounded by reliance on synthetic fertilizers, which can deplete
soil organic matter and contribute to environmental pollution. Integrating organic waste
composting addresses these challenges by providing a sustainable source of nutrients,
improving soil structure, and enhancing resilience to climate change (Triéu, 2023). The
region's farmers have a growing need for sustainable alternatives to chemical fertilizers.
Organic compost, derived from the decomposition of organic waste, presents a viable and
environmentally friendly solution to these agricultural dilemmas (Novra et al.,, 2023).
Composting organic waste provides an ideal solution by offering locally produced,
affordable, and environmentally friendly soil amendments. This method leverages the
decomposition of organic materials into stable, nutrient-rich products through the aid of
microorganisms, enhancing soil health and crop productivity while sequestering carbon
(Tiong et al., 2023). Integrating organic waste management with agricultural needs could
enhance local food security and contribute to a more resilient agricultural system. This not
only mitigates the environmental impact of waste but also bolsters agricultural productivity
through enhanced soil vitality (Faisal et al., 2019).

This study focuses on the potential of transforming organic waste into compost through
an integrative approach in Pangkep, aiming to develop sustainable waste management
practices that concurrently support soil health and reduce reliance on synthetic inputs in
the region's agricultural sector. It explores how the region's waste management systems,
which involve community-based models like waste banks and TPS-3R (Temporary Waste
Collection Points), can be linked to agricultural practices. This integration is crucial for
fostering a circular economy where organic waste is transformed into a valuable resource,
ultimately contributing to enhanced soil fertility and reduced dependence on external
synthetic fertilizers for crops such as rice and horticulture (Ali & Flayeh, 2023; Bahri et al,,
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2022). By utilizing municipal organic waste along with agricultural by-products, such as rice
straw, this paper investigates how Pangkep can establish a circular economy that benefits
both the waste management and agriculture sectors. Such a synergistic approach would
help bridge the gap between waste generation and resource utilization, aligning with
broader goals of environmental sustainability and economic viability (Chorolque et al,,
2021; Sharma et al., 2023). This interdisciplinary approach offers a pathway to sustainable
development, wherein waste is reimagined as a valuable input for agricultural systems
rather than a disposal problem (Andey et al., 2024). This study will provide insights into
optimizing organic waste valorization for agricultural use, thereby contributing to the
broader discourse on sustainable resource management and food security.

In conclusion, an integrated approach to composting in Pangkep offers a promising
pathway for sustainable agriculture by converting waste into a valuable resource that
enhances soil health, reduces pollution, and supports the local economy. This strategy not
only aligns with global sustainability goals but also addresses local challenges by providing
a cost-effective and ecologically sound alternative to conventional agricultural inputs
(Kansoriya, 2023). By efficiently managing organic waste and converting it into compost,
Pangkep can not only address waste management challenges but also improve soil health,
support agricultural productivity, and promote long-term environmental sustainability.
This systematic study further highlights composting as a pivotal strategy for enhancing soil
health, reducing environmental impact, and promoting sustainable agricultural waste
management (Lhaj et al., 2024). This paper aims to highlight the importance of transforming
organic waste into a resource that enhances both environmental quality and agricultural
practices in PangkepThis transformative process not only contributes to a circular economy
by valorizing waste but also directly supports the agricultural sector through the provision
of nutrient-rich soil amendments, thereby diminishing reliance on synthetic fertilizers and
mitigating associated environmental impacts (Novra et al., 2023). This research aligns with
principles of the circular economy, emphasizing the recycling of organic waste into valuable
resources and supporting global efforts to reduce reliance on synthetic fertilizers (Liu et al.,
2025; Mia & Zzaman, 2025). This approach leverages the substantial starch and nutrient
content in agricultural byproducts, such as potato peel waste, to enrich compost
formulations, fostering plant growth and improving soil health (Garg et al., 2024).

2. Methods
2.1 Research design, data sources, and data collection methods

The research will utilize a qualitative, descriptive-exploratory approach, integrating
embedded case study methodology to investigate the current state and potential of organic
waste composting in Pangkep, examining current waste management practices, community
engagement, and agricultural demands to identify opportunities for synergistic integration.
This methodology will involve in-depth interviews with stakeholders, direct observation of
composting facilities, and analysis of relevant policy documents to build a comprehensive
understanding of the socio-economic and environmental factors influencing organic waste
valorization (Xu et al.,, 2024).

Data will be gathered through a combination of primary and secondary sources.
Primary data will include semi-structured interviews with key stakeholders, such as local
farmers, waste management personnel, community leaders, and agricultural extension
workers. Secondary data will encompass existing reports, policy documents, and statistical
information concerning waste generation, agricultural output, and soil quality in the
Pangkep region, ensuring a robust analytical framework. These interviews will aim to
understand the existing composting practices, challenges faced, and the perception of
compost quality among farmers.
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Research Approach
Qualitative, Descriptive-Exploratory

Embedded Case Study

Investigate Pangkep’s Waste Management Practices

Data Collection

Primary: Secondary:
Interviews, Observations Reports, Statistical Data

Soil Sample Analysis

Compost Quality Assessment
SNI 7763-2018/2024 Comparison

Agricultural Impact Analysis
Compare Compost vs. Traditional Fertilizers

Comprehensive Understanding

Synthesize Results

Fig. 1. Flowchart for research methodology

Additionally, observations will be conducted at key sites, including local markets, waste
collection points (TPS-3R), and community composting units. This will allow for a detailed
understanding of the waste sorting, collection, and composting processes. Furthermore, soil
samples from agricultural lands will be analyzed to assess existing nutrient levels and the
impact of current fertilization practices, providing a baseline for evaluating the potential
benefits of compost application.

2.2 Empirical strategies and analytical framework

Secondary data will be collected from government reports, regional policy documents,
and academic studies on waste management and sustainable agriculture practices in
Pangkep. This study synthesize information on waste management, sustainability, and
supply chain solutions to inform the conceptual framework for enhancing organic waste
valorization in agriculture (Muhammad et al., 2023). The study will focus on the quality of
compost produced, comparing it with the national standards (SNI 7763:2018/2024) for
organic fertilizers. Laboratory tests will be conducted on compost samples to assess key
parameters such as organic carbon content, C/N ratio, moisture content, pH, and heavy
metal levels.

Additionally, the research will analyze the agricultural impact of compost use by
evaluating crop yield data from farms utilizing compost in comparison to those using
traditional fertilizers. This comparative analysis will provide empirical evidence of
compost's efficacy in enhancing agricultural productivity and soil health, contributing to a
holistic understanding of its benefits. This multi-source data collection method will provide
a comprehensive view of the current composting ecosystem and its potential for scaling up
in Pangkep. This descriptive-exploratory qualitative study, largely conforming to a
concurrent embedded design, will integrate quantitative compost quality analysis within a
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broader qualitative case study assessment, allowing for a comprehensive understanding of
the systems at play (Roy et al., 2021).

3. Results and Discussion
3.1 Waste generation profile and composition (raw material potential)

The total waste generation in Pangkep for 2024 is estimated to be approximately
52,821.49 tonnes annually, which equates to around 144.72 tonnes per day. Table 1 sourced
from the SIPSN 2024, reflects the overall waste produced in the region, including both
organic and non-organic fractions. Notably, organic waste, which predominantly consists of
food waste, makes up a significant portion of the total waste. National estimates indicate
that organic waste constitutes about 41.27% of total waste, a pattern consistent with the
data from Pangkep. Consequently, the estimated daily organic waste generated in Pangkep
amounts to approximately 59.72 tonnes, derived from the calculation of 41.27% of the total
daily waste.

Table 1. Waste generation & composition in Pangkep District

Parameter Data/value Source
Total waste generation +52,821.49 tonnes/year SIPSN 2024
(2024) (»144.72 tonnes/day)
Managed waste 47,144.00 SIPSN 2024
Organic waste (national, +41.27% (predominantly Ministry of Environment and
2022) food waste) Forestry
Organic estimate for +59.72 tonnes/day (144.72 Calculation
Pangkep x 41.27%)
Conservative potential 38.77 tonnes/day (usable National Standard
potential)

However, when considering the "usable potential” for composting, the conservative
estimate of organic waste that can be effectively processed is approximately 38.77 tonnes
per day. This figure accounts for the portion of organic waste that is not contaminated or
unsuitable for composting, aligning with national standards and more realistic projections
of what can be managed effectively. The difference between the total organic waste estimate
(59.72 tonnes/day) and the conservative usable potential (38.77 tonnes/day) highlights the
challenges of waste sorting and contamination, underscoring the need for improved waste
management practices to maximize the composting potential in Pangkep. Indeed, the
successful implementation of circular economy principles within organic farming often
relies on the utilization of societal waste streams for nutrient recycling, yet concerns about
contamination from potentially toxic elements and pollutants often hinder their widespread
adoption (Biinemann et al.,, 2023).

These challenges are compounded by nutrient imbalances in raw biowastes and
organic fertilizers, which often contain phosphorus and nitrogen that are only partially or
slowly available, necessitating chemical and physical modifications to optimize their
agricultural utility (Salas et al, 2024). Moreover, such biowaste transformations, while
addressing logistical and environmental concerns, can inadvertently reduce the
bioavailability of these critical nutrients (Salas et al.,, 2024). Addressing these multifaceted
challenges requires a holistic approach that integrates advanced waste sorting technologies,
robust quality control mechanisms, and comprehensive stakeholder engagement to foster
a sustainable circular bioeconomy (Hettiarachchi et al., 2020; Kvakkestad et al., 2023).

3.2 Composting performance and compost output estimates
The data from Table 2 illustrates the potential compost output in Pangkep based on

different composting scenarios. When utilizing the full estimated organic waste generation
of 59.72 tonnes per day, the compost yield can vary depending on the composting method.
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In an "urban scheme" using a wet mix, where the yield is around 30-35%, the estimated
daily compost output would range from 17.92 to 20.90 tonnes, resulting in an annual output
of 6,540 to 7,630 tonnes. Alternatively, when applying a "dry scheme" with more bulking
agents to balance moisture content, the compost yield increases to 50-65%, producing
between 29.86 and 38.82 tonnes per day, which translates to 10,900 to 14,170 tonnes
annually. This significant increase in yield highlights the importance of optimizing
composting methods to maximize output.

Table 2. Compost output estimates (based on mass reduction)

Input basis Compostyield Daily output Annual output Description

59.72 tonnes/day 30-35 17.92-20.90 6,540-7,630 Urban scheme

(organic) tonnes/day tonnes/year (wet)

59.72 tonnes/day 50-65% 29.86-38.82 10,900-14,170 Dry

(organic) tonnes/day tonnes/year scheme/more
bulking

38.77 tonnes/day 30-35% 11.63-13.57 4,240-4,950 Potential for use

(conservative) tonnes/day tonnes/year

38.77 tonnes per 50-65% 19.39-25.20 7,080-9,200 Potential usable

day (conservative) tonnes/day tonnes per year

In contrast, when considering a more conservative estimate of organic waste (38.77
tonnes per day), the compost yield is lower, reflecting the more realistic and usable
potential of organic waste that can be processed. In the conservative scenario with a 30-
35% yield, daily output would range from 11.63 to 13.57 tonnes, leading to an annual output
of 4,240 to 4,950 tonnes. If the composting process is optimized with a 50-65% yield, the
daily output would increase to between 19.39 and 25.20 tonnes, yielding between 7,080
and 9,200 tonnes annually. These table show the variation in potential output based on the
composition and management of organic waste, emphasizing that efficient composting
techniques can significantly enhance production, but proper sorting and waste quality
control remain essential for achieving higher yields.

Furthermore, the unpredictability of nutrient content in bio-based fertilizers and their
variable plant-availability pose challenges for synchronizing nutrient supply with crop
demand, particularly given the imbalanced nutrient ratios often observed in organic
sources where phosphorus can be abundant while nitrogen is scarce (Simon et al., 2024).
Moreover, the long and costly certification processes for novel bio-based products, coupled
with farmers' skepticism regarding product reliability and safety, further impede market
acceptance and broader adoption of these sustainable alternatives (Hidalgo et al., 2025).
Overcoming these hurdles necessitates the development of standardized analytical tools
and robust quality control mechanisms to ensure the safety and efficacy of bio-based
fertilizers, thereby building trust among end-users and facilitating market penetration
(Wichern et al., 2024).

3.3 Compost quality: Comparison with SNI

Table 3 outlines the compost quality standards based on SNI 7763:2018/2024 and
provides essential parameters for assessing the suitability of compost for agricultural use.
The standard mandates that the organic carbon content should be at least 15%, ensuring
that compost provides sufficient nutrients and soil conditioning properties. The C/N ratio
must be <25 to ensure a balanced decomposition process that minimizes ammonia
volatilization and prevents excessive nitrogen loss. Maintaining this ratio is critical for
achieving stable, high-quality compost that is effective in improving soil fertility.

In addition, the moisture content of the compost must fall within the range of 8-25%,
which is vital for maintaining microbial activity during composting. A pH range of 4-9
ensures that the compost is neither too acidic nor too alkaline for plant growth. The total
NPK content (Nitrogen, Phosphorus, and Potassium) must be 22% to provide the essential
macro-nutrients for crops. Finally, the compost must adhere to limits on heavy metals to
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prevent contamination of the soil and plants, ensuring that the compost is safe for
agricultural use. These parameters collectively define the quality of the compost and are
essential for maintaining agricultural productivity and environmental safety. This rigorous
quality control is particularly crucial given the often variable composition of bio-based
fertilizers derived from diverse waste streams, which can inherently possess inconsistent
nutrient profiles and introduce contaminants if not properly processed and monitored
(Meisam & Hossein, 2018; Salas et al., 2024).

Table 3. Compost quality standards (SNI 7763:2018/2024)

Parameter SNI requirements Notes
Organic carbon 215% -
C/N ratio <25 -
Moisture content 8-25% -
pH 4-9 -
Total NPK 22% -
Heavy metals Certain maximum limits -

Therefore, comprehensive regulatory frameworks and advanced analytical methods
are imperative to guarantee the safety and efficacy of these fertilizers for sustainable
agricultural practices (Salas et al.,, 2024). Additionally, to ensure widespread adoption, bio-
based fertilizers must provide sufficient and reliable nutrient amounts in crop-adequate
ratios, while also being competitively priced against conventional mineral fertilizers (Salas
et al.,, 2024). Furthermore, the stability of nutrient concentration is a concern for bio-based
fertilizers, as they are susceptible to biochemical processes, unlike more stable mineral
fertilizers (Kurniawati et al., 2023). The potential presence of heavy metals and pathogens
in bio-based fertilizers also necessitates stringent testing and risk assessment to prevent
environmental and human health impacts, complicating their widespread application
(Kurniawati et al., 2023; Salas et al.,, 2024).

3.4 Upstream-midstream-downstream supply chain: “As-Is” vs “To-Be”

As indicated in Table 4, the compost requirement for the MT-1 rice field area in
Pangkep, which spans approximately 16,832 hectares by 2025, is critical to meeting the
agricultural needs of the region. According to the Department of Agriculture and Food, the
recommended compost dosage ranges from 3 to 10 tonnes per hectare, depending on the
soil condition and crop type. When applying the lower end of the dosage (3 tonnes per
hectare), the total compost requirement for the rice fields in one season is approximately
50,496 tonnes. On the higher end (5 tonnes per hectare), the compost requirement
increases to approximately 84,160 tonnes per season. These estimates are based on
calculations derived from the compost dosage guidelines.

Table 4. Compost requirements vs capacity in Pangkep rice fields

Parameter Value/estimate Source

MT-1 rice field area (2025) 16,832 ha Pangkep Regional Government

Recommended compost dosage  3-10 tonnes/hectare Department of Agriculture and
Food

Compost requirement (3 +50,496 tonnes/season Calculation

tonnes/ha)

Compost requirement (5 tonnes  +84,160 t/season Calculation

per hectare)

Compost capacity from +6,500-14,000 Estimates in Table 2

municipal waste tonnes/year

Potential for straw compost (5-  +25-47 thousand Calculation

8 tonnes of straw/hectare - 25- tonnes/season
47 thousand tonnes of
compost/MT)
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In terms of compost production capacity, Table 4 shows that the annual compost output
from municipal waste in Pangkep ranges from 6,500 to 14,000 tonnes. When considering
the potential of integrating straw compost, with estimates ranging from 25,000 to 47,000
tonnes per season, the total available compost is still significantly below the required
amount for agricultural use. This highlights the gap between the compost production from
waste and the compost required for local agriculture. To bridge this gap, the integration of
straw compost, along with improved waste management and composting techniques, will
be necessary to meet the agricultural demands of the region effectively. This
comprehensive approach would involve not only maximizing compost production from
available organic waste but also ensuring that the resulting bio-based fertilizers meet
stringent quality standards for nutrient content and safety to foster farmer adoption
(Kurniawati et al., 2023; Salas et al.,, 2024).

Additionally, public investment, community organization, and extension services,
similar to successful models in Rwanda, could significantly bolster the widespread adoption
and sustained use of these sustainable agricultural inputs (Doda et al., 2025). Such
strategies would help overcome challenges related to farmers' technical capacity and
provide essential support for adopting Good Agricultural Practices that incorporate bio-
based fertilizers and soil management techniques (Idawati et al, 2024). Furthermore,
addressing the existing data gaps in economic indicators, particularly in food distribution
and consumption, could provide a more holistic understanding of the food system's
sustainability and identify additional opportunities for circular economy integration (Acs et
al, 2025). A robust circular economy framework would not only enhance resource
efficiency but also mitigate environmental impacts by reducing reliance on external inputs
and minimizing waste generation across the entire agri-food supply chain (Afrouzi et al,,
2023). Such a framework necessitates strategic research and development investments,
coupled with innovative policies that encourage collaboration among all stakeholders, from
local communities and small farms to large enterprises, ensuring an equitable transition
that supports food security and poverty reduction.

3.5 Adoption &amp; Human resource capacity (social findings)

As detailed in Table 5, the social and institutional aspects of organic waste management
in Pangkep highlight several key findings. On the upstream side, plastic contamination
remains a significant challenge in the markets, with sorting practices not yet uniformly
implemented. This contamination hinders the quality of organic waste that can be
processed into compost, thus affecting the overall composting efficiency. Observations
suggest that improvements in waste sorting at the source are crucial for increasing the
viability of composting programs.

Table 5. Social & institutional findings (summary)

Aspect Field findings Source

Upstream Plastic contamination remains Observations
high in markets; sorting is not
yet uniform

Middle TPS-3R is the main hub; DLH, Stranas PK
organic waste is directed to
compost, inorganic waste to

RDF

Downstream Farmers emphasise compost Interviews with PPL/farmers
quality (odour-free, mature,
clear labelling)

Human resource Compost training in Parenreng  Local news

capacity Village (2023) & campus

programme (2025)
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In the middle phase, TPS-3R (Temporary Waste Collection Points) plays a central role
as the main hub for sorting and processing waste. Organic waste is directed to composting
processes, while inorganic materials are directed to RDF (Refuse-Derived Fuel) facilities.
This division of waste processing allows for more targeted waste management and resource
recovery. On the downstream side, farmers place significant emphasis on compost quality,
highlighting the need for compost to be mature, odour-free, and clearly labeled. Interviews
with farmers and agricultural extension workers (PPL) reveal that these quality attributes
are critical for gaining farmer confidence in using compost. Additionally, human resource
capacity is being strengthened through composting training programs in Parenreng Village
(2023) and an upcoming campus program in 2025, indicating ongoing efforts to build local
expertise and foster community involvement in composting initiatives.

3.6 Discussion

3.6.1 Gap between compost production and agricultural demand: Key findings and
implications

The results of this study reveal several key findings regarding organic waste generation
and composting potential in Pangkep. The total estimated organic waste generation is
approximately 59.72 tonnes per day, based on the national organic waste proportion of
41.27% of the total waste. However, when considering the conservative estimate of usable
organic waste for composting, only about 38.77 tonnes per day is effectively available for
compost production. The compost output estimates show significant variability depending
on the composting method, with higher yields achieved through dry composting schemes.
Despite these outputs, there remains a substantial gap between the compost produced and
the agricultural demand in Pangkep. For example, the compost required to meet the needs
of rice fields in Pangkep ranges from 50,496 to 84,160 tonnes per season, while the compost
capacity from municipal waste falls short, producing only between 6,500 and 14,000 tonnes
annually. This discrepancy highlights the need for optimizing composting processes and
integrating additional organic waste sources, such as rice straw, to meet the agricultural
demands in the region.

3.6.2 Optimizing compost yield and overcoming contamination challenges waste
management system

The results highlight significant differences in compost yield based on the composting
schemes used in Pangkep. The "urban wet scheme" yields a lower compost output of 17.92
to 20.90 tonnes per day, while the "dry scheme,"” which incorporates more bulking agents,
produces a significantly higher yield of 29.86 to 38.82 tonnes per day. This difference
emphasizes the critical role of adjusting variables like the C/N ratio and moisture content
in optimizing compost production Additionally, these findings underscore the importance
of selecting appropriate composting techniques and raw material combinations to
maximize efficiency and output, especially when dealing with diverse organic waste
streams prevalent in urban environments (“Exploration of Composting Strategies for
Sustainable Organic Waste Management in Urban Environments,” 2024; Novra et al., 2023).

The higher yields observed in the "dry scheme" can be attributed to improved aeration
and microbial activity, facilitated by the increased presence of bulking agents, which
prevent compaction and maintain optimal moisture levels. A balanced C/N ratio is essential
for efficient microbial activity and stable compost, while maintaining proper moisture
content (between 8-25%) is vital for minimizing odour and enhancing decomposition.
However, Pangkep’s waste management system faces challenges that hinder composting
efficiency, notably the high level of contamination in organic waste, especially plastic, and
the lack of uniform sorting practices at the source. These contaminants not only degrade
compost quality but also introduce hazardous substances that can negatively impact soil
health and crop safety (Roy et al, 2021). This persistent contamination necessitates
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rigorous pre-processing and sorting mechanisms to ensure the production of high-quality
compost suitable for agricultural application (Alimuddin et al, 2025). These issues
complicate the composting process, reducing the quality of the compost produced and
limiting the effectiveness of municipal composting initiatives, thus necessitating stronger
waste sorting protocols and community engagement in waste management. Overcoming
these challenges requires the development of robust strategies for enhancing feedstock
purity, including source segregation programs and advanced mechanical sorting
technologies, to optimize compost quality and yield for agricultural applications (Gir6n-
Rojas et al., 2020).

3.6.3 Comparing composting practices and challenges with global standards and
technological innovations

When comparing the findings of this study with existing literature on composting and
organic waste management, several key similarities and differences emerge. One notable
similarity is the consistent emphasis on the carbon-to-nitrogen (C/N) ratio and moisture
content as critical parameters for optimizing microbial growth and decomposition
efficiency in composting processes (Pezzolla et al.,, 2021). Numerous studies corroborate
that an ideal carbon-to-nitrogen ratio is pivotal for effective composting, ensuring microbial
populations have sufficient carbon for energy and nitrogen for protein synthesis
(Boutasknit et al., 2024). Like previous research emphasizing the environmental benefits of
composting, this study confirms that organic waste can significantly improve soil health and
reduce the need for synthetic fertilizers (Mpuangnan et al., 2023). Furthermore, the
challenges identified in Pangkep regarding contamination, particularly plastics, and the lack
of standardized sorting practices resonate with broader issues in municipal solid waste
management globally, where contaminant removal remains a significant hurdle to
producing high-quality compost (Manea et al., 2024).

The increase in compost yield observed in the dry composting scheme (50-65% yield)
aligns with the general understanding that adding bulking agents improves compost quality
by enhancing aeration and moisture balance, leading to higher yields. The level of
contamination in Pangkep’s organic waste was found to be particularly high, which has a
more detrimental impact on compost quality compared to other regions. This heightened
contamination impedes the production of safe, high-grade compost, posing a substantial
challenge to the circular economy principles that underpin sustainable waste management
initiatives (Gastaldi et al., 2024; Policastro & Cesaro, 2022). Additionally, while composting
has been shown to reduce dependence on chemical fertilizers, the gap between Pangkep’s
compost production and the agricultural demand for compost—especially for rice fields—
highlights an underutilized potential that differs from more successful composting
initiatives, particularly in urban areas with more robust sorting and composting
infrastructure. Despite these challenges, integrating best practices and innovations, such as
advanced anaerobic digestion, could significantly enhance the efficiency and economic
viability of waste management practices in Pangkep (Lin et al., 2018).

3.6.4 Acknowledging the limitations and challenges in waste generation estimations and
composting practices

This study acknowledges several limitations that may have affected the accuracy and
generalizability of the findings. One limitation is the potential inaccuracies in waste
generation estimates, as these figures are based on national averages and local estimates,
which may not fully reflect the actual waste composition and volume in Pangkep. These
estimations might not fully capture seasonal variations or specific demographic waste
patterns, potentially influencing the calculated compost yields and the overall assessment
of the composting schemes (Manea et al,, 2024). The lack of ideal composting infrastructure,
such as centralized composting facilities and efficient transportation networks for organic
waste, limits the scalability of composting efforts. Furthermore, the small-scale nature of
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the composting experiments conducted in this study may not fully represent the operational
complexities and challenges associated with large-scale municipal composting systems,
potentially impacting the external validity of the results regarding broader implementation
(lamsomboon et al., 2023).

The local climate also plays a significant role, as the high humidity and rainfall in
Pangkep can affect the composting process, particularly in maintaining the ideal moisture
content and preventing premature degradation or contamination of the compost (Weidner
et al,, 2020; Yesaya et al,, 2021). Lastly, the methodologies employed in this research,
specifically concerning labor time allocation and productivity measurements, presented
limitations as perfect identification of individual labor contributions was not feasible,
leading to some unaccounted time and differing productivity values between methods.
These limitations underscore the need for further research that incorporates more precise
waste characterization methods, explores diverse composting technologies adaptable to
local climatic conditions, and includes comprehensive economic analyses to evaluate the
scalability and sustainability of composting initiatives (Widyatmika & Bolia, 2024;
Wonyanya & Uzorka, 2024).

3.6.5 Challenges in scaling composting systems in pangkep: contamination, inconsistent
sorting, and market barriers

Several challenges may hinder the effective scaling of composting systems in Pangkep.
The high level of contamination from non-organic waste, particularly plastic, is a major
barrier to producing high-quality compost. This issue not only degrades the compost's
quality but also poses environmental risks if the contaminated compost is applied to
agricultural lands (Chuma et al, 2024). This necessitates more rigorous pre-sorting
mechanisms and community education campaigns to improve waste separation at the
source (Gillespie & Halog, 2022). Inconsistent sorting practices at the source further
exacerbate this issue, leading to contamination and reduced composting efficiency.
Moreover, the absence of standardized protocols for compost quality assessment and
monitoring impedes the development of market confidence and regulatory compliance for
compost products in Pangkep (Khoirunnisak et al., 2025).

Limited community engagement and awareness also pose challenges, as many
residents may not prioritize waste sorting or composting practices. Additionally, there is a
pressing need for more robust local training programs to build capacity in composting
techniques and raise awareness of the benefits of composting. Without these
improvements, the potential for scaling up composting efforts in Pangkep may be
constrained, limiting the region's ability to fully utilize organic waste for agricultural and
environmental benefits. For example, more radical strategies such as nutrient extraction
from human waste could meet a significant portion of agricultural needs, while the
economic viability of commercial composting is often limited by factors such as large land
requirements and low profitability (Taylor, 2020; Xu et al., 2023). This situation is further
complicated by inadequate compost testing and certification processes, leading to a lack of
market confidence and hindering the widespread adoption of compost in agricultural
practices (Roy et al., 2021).

4. Conclusion

The study highlights the significant potential of organic waste in Pangkep for
transforming into compost to support sustainable agriculture. However, challenges such as
inefficient waste sorting, contamination, and inadequate composting infrastructure need to
be addressed to fully realize this potential. The study emphasizes the importance of
improving waste management systems, including better sorting mechanisms, community
education programs, and enhanced composting techniques. Integrating municipal organic
waste with agricultural by-products like rice straw will help meet local agricultural compost
needs while promoting a more sustainable, circular economy. This approach will improve
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soil fertility, reduce reliance on chemical fertilizers, and enhance long-term environmental
sustainability. The development of standardized compost quality assessments and stronger
local engagement are essential for ensuring compost meets agricultural standards and is
widely adopted. Strengthening waste collection infrastructure and policy support will help
scale up composting initiatives and integrate them into local agriculture. Addressing these
barriers, Pangkep can create a sustainable waste management model, which may be
replicated in other regions facing similar challenges.
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