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ARTICLE INFO ABSTRACT
Received: 30 Sep. 2025 The circular economy (CE) has been widely promoted as a strategy for sustainable development, yet evidence of
Accepted: 15 Jan. 2026 its implementation among rural small and medium enterprises in developing countries remains limited. This

study aims to examine how rural enterprises in Banyumas District, Central Java, Indonesia, adopt CE practices
and to identify the challenges and opportunities associated with these practices. Data were collected through
focus group discussions, semi-structured interviews and field observations involving 20 participants from various
rural enterprises. The data were analyzed using thematic analysis to generate insights into innovative practices.
The findings reveal that innovative practices include the use of organic materials, renewable energy generation,
and the utilization of industrial by-products. However, significant challenges persist, including a shortage of
natural dye raw materials, unstable color quality, high production costs, low local market demand, and limited
technical maintenance in biogas facilities. Education, training, and cross-sector collaboration emerge as essential
enablers for advancing CE practices in rural SMEs.
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relationship, and environmental pressures to generate circular

INTRODUCTION practices.

CE offers innovative solutions for rural MSMEs, enhancing
resource efficiency, reducing waste, and promoting
operational sustainability (Palombi et al., 2024). For rural

The concept of the circular economy (CE) has garnered
significant attention in recent years as a sustainable

alternative to the traditional linear economic model. CE MSMEs, CE adoption can strengthen competitiveness, create

emphasizes resource efficiency, waste reduction, and the oy bysiness opportunities, and foster community well-being
continuous use of resources through recycling, reuse, and (Rizos et al., 2016; Teo et al., 2023; Uvarova et al., 2019).
remanufacturing (Geissdoerfer et al., 2017). While CE is

grounded in system theory, industrial ecology, and sustainable
development (Ghisellini et al., 2016), these frameworks
provide an analytical basis for understanding circular practices
in rural MSMEs. System theory suggests how rural enterprises
operate within interconnected ecological, social, and
economic systems, shaping their decision making and resource
flows (Meadows, 2008). Industrial ecology complements this
by focusing on material exchange illustrating how by products
or waste can be transformed into inputs within rural
production networks (Frosch & Gallopoulos, 1989).
Sustainable development adds a normative dimension by
emphasizing long-term environmental stewardship along with
socioeconomic well-being. Taken together, these perspectives
can be conceptualized as an integrated framework in which
rural MSMEs navigate resource constraints, community

Research highlights several core CE practices, including
resource recovery, product life extension, and sustainable
sourcing. Resource recovery reintegrates valuable materials
from waste streams, often through innovative waste
management or collaboration with local communities (Murray
et al., 2017). Product life extension involves designing for
longevity and repairability to reduce waste (Bocken et al.,
2016). Sustainable sourcing incorporates environmental and
social criteria in supplier choices, thereby promoting ethical
and eco-friendly practices (Ogunsuji et al., 2024).

Despite the potential benefits of adopting CE practices,
rural MSMEs encounter several challenges. These include
limited scale, distance from markets and support institutions
(Rizos et al., 2016; Uvarova et al., 2019). Additional barriers
include regulatory frameworks favoring linear models (Bocken
et al., 2016), weak consumer demand for circular products
(Hartley et al., 2022; Yerznkyan & Fontana, 2023), and
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insufficient knowledge of CE practices (Binek & Al-
Muhannadi, 2020; Hossain et al., 2020). Nonetheless,
opportunities exist. Rural MSMEs can benefit from
collaboration and resource sharing (Kumar & Suganya, 2019;
Lépez-Morales et al., 2015), rising consumer awareness of
sustainability (Ranta et al., 2018), and government support
through financial incentives and training (Hossain et al., 2020;
Teo et al., 2023). Creating dedicated green marketplaces and
consumer communities can further accelerate the diffusion of
CE practices (Rizos et al., 2016).

While previous research has examined CE adoption in
MSMEs, many remain urban-centered. Empirical studies on
rural MSMEs-especially those embedded with local
communities-remain limited. In rural contexts, MSMEs can
play a crucial role in fostering growth and promoting
sustainable rural development (Berlemann & Jahn, 2016;
Korsgaard et al., 2015b; Kranzusch et al., 2017). Unlike their
counterparts in metropolitan areas, MSMEs and their owner-
managers are often more integrated into their rural
communities (Harangoz6é & Zilahy, 2015; Lang et al., 2014).
Consequently, they tend to feel a greater sense of
responsibility toward their regions, which encourages them to
influence the future positively, create new jobs, pursue
community benefits, and drive innovation (Berlemann & Jahn,
2016; Fortunato, 2014; Lang et al., 2014). Additionally, rural
areas offer unique historical, cultural, or physical resources
(Korsgaard et al., 2015a), creating further opportunities for
MSMEs. However, these context-specific dynamics are rarely
examined. Empirical insights into industries such as batik,
eco-print, or biogas—sectors deeply connected tied to local
ecological resources—are particularly scarce.

To address this gap, the present study focuses on rural
MSMEs in Banyumas District, Central Java Province,
Indonesia, an underexplored yet highly relevant setting for
understanding grassroot circular innovation. By adopting a
field-based qualitative approach involving focus group
discussions (FGDs), interviews, and direct observation, this
study extends prior work that often relies on survey-based or
conceptual analyses. MSMEs in rural Indonesia are vital to
driving economic growth by creating jobs and increasing
incomes, especially in areas distant from major economic
centers. This study is guided by the following research
questions: how do rural MSMEs in Banyumas District develop
and implement innovative CE practices? what opportunities
and constraints shape CE adoption in rural context? how can
policy interventions strengthen rural MSME’s transition
towards circularity? This paper contributes to the literature by
documenting grassroots, context-specific CE innovations
among rural MSMEs in Indonesia, a context underexplored in
the literature, analyzing the interplay between local
opportunities, community embeddedness, and structural
barriers to CE adoption, and offering policy-relevant
recommendations to support rural enterprises in advancing
their circular transition. In doing so, this paper bridges the gap
between predominantly urban-focused CE studies and the
realities of rural MSMEs.

METHODOLOGY

This study employs a qualitative research design using
multiple case studies to gain an in-depth understanding of the
implementation of CE in MSMEs, with an emphasis on the
innovative approaches used and their sustainability impacts.
The study population comprises MSMEs in Banyumas District
that are currently implementing the CE concept. Samples were
selected through purposive sampling to examine specific cases
considered successful or innovative in applying CE. Purposive
sampling was used because the study required identifying
MSMEs in Banyumas Regency that had already adopted CE
practices. Given that CE adoption is still limited and uneven
across sectors, probability-based sampling would not have
efficiently captured firms with these specific characteristics.
By selecting MSMEs that met predefined CE criteria—such as
waste reduction, reuse, recycling, or resource-efficient
production—the sample remained information-rich and
directly aligned with the research objectives. However,
purposive sampling may introduce selection bias because the
selection relies on the researcher’s access to MSMEs known for
practicing CE. Less visible firms may have been overlooked,
limiting generalizability. To reduce this risk, the study used
multiple identification sources, but some bias may still remain.

Ethical considerations were carefully observed in this
study. All MSME participants were informed about the purpose
of research and procedures, and their voluntary participation
was secured through informed consent. Confidentiality was
maintained by anonymizing all data and ensuring that no
identifying information appeared in the findings. All data were
stored securely and used solely for research purposes.

The qualitative instrument used is a semi-structured
interview guide designed to explore various aspects of CE
implementation, including the innovations applied, the
challenges faced, and the impacts on sustainability. Data were
collected through various methods:

(1) secondary data collection on the practice of CE
implementation in MSMEs available in online mass
media and other digital sources,

(2) FGDs involving the research team and 20 selected
MSMEs practicing CE,

(3) in-depth interviews with the owners or managers of
selected MSMEs to gain insights into their experiences
with CE implementation,

(4) field observations to directly observe the operational

processes of MSMEs implementing CE for contextual
understanding, and

(5) collecting and analyzing related documents such as
internal reports, promotional materials, and relevant
operational records.

Data from interviews, observations, and documentation
were analyzed using a thematic analysis approach. The steps
in this analysis include:

(1) verbatim transcribing of the interviews,
(2) identifying and coding key themes within the data,

(3) grouping these codes into broader categories,
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(4) identifying the primary themes that emerge from the

data, and
(5) interpreting these themes to provide insights into the
implementation of innovations, challenges, and

sustainability impacts.

The data analysis process followed the interactive model
developed by Miles and Huberman (1994), which comprises
four key stages: data collection, data reduction, data
presentation, and conclusion drawing/verification. During the
data collection stage, information was gathered continuously
through interviews and documents. Each interview was
recorded with the respondent’s permission and subsequently
transcribed to support further analysis. In the data reduction
stage, the focus shifted to selecting, simplifying, and
transforming raw data into a more organized and meaningful
format. Coding was used to identify key themes and categories
emerging from the data, while irrelevant or repetitive
information was eliminated to capture the essence. The
reduced data was then presented through narratives to
enhance interpretation. Conclusion drawing involves
interpreting the presented data to identify meanings, patterns,
and significant themes. The initial conclusions were verified to
ensure their validity and reliability.

To ensure the credibility of the thematic findings, several
verification strategies were applied. Theme development was
reviewed through peer debriefing, where another qualitative
researcher examined the coding structure and interpretations.
Triangulation was also employed by comparing insights across
different MSME sectors and data sources, helping to confirm
the consistency and robustness of the themes.

This qualitative approach has several limitations. The
findings are context-specific and cannot be statistically
generalized beyond the sampled MSMEs. The analysis relies on
participants’ self-reported information, which may be subject
to recall bias or social desirability bias. The researcher’s
interpretation also plays a central role in coding and theme
development, which may introduce subjectivity despite efforts
to ensure analytical rigor.

RESULTS AND DISCUSSION

Commitment of the Indonesian Government Towards the
Circular Economy

The development of CE in Indonesia is a strategic initiative
aimed at optimizing resource use, reducing waste, and
promoting sustainable development. The Indonesian
government is dedicated to implementing CE as an economic
model that enhances resource efficiency, designs products for
sustainability, and reintegrates production and consumption
processes into the production cycle (UNDP Indonesia, 2022).
This concept is incorporated into the 2020-2024 national
medium-term development plan (RPJMN), with a particular
emphasis on fostering a green economy. The government aims
to strengthen economic resilience and growth by enhancing
MSME competitiveness through accelerated adoption of new
and renewable energy (GPQI, 2023).

The government has established ten principles for
companies to adopt in order to implement CE practices. These

principles emphasize the use of renewable energy, recyclable
materials, long-term maintenance plans for products, and the
recycling of waste and by-products as secondary raw resources
(GPQI, 2023). Initiatives supporting these principles include
the creation of a national action plan for the CE and the
integration of CE strategies into the upcoming RPJMN 2025-
2029 (Shifting Paradigms, 2020).

The implementation of CE in Indonesia is projected to
boost GDP by 2.3 to 2.5 per cent by 2030, reduce COz emissions
by 126 million tons, create an additional 4.4 million jobs, and
significantly lower household expenditures (Shifting
Paradigms, 2020). The economic benefits include IDR 431.9
billion (approximately USD 30 million) in savings on operating
costs, job opportunities for 14,270 workers, and emission
reductions exceeding 1.4 million tons of carbon dioxide
equivalent (COze) (UNDP Indonesia, 2022). CE
implementation focuses on food and beverage, textiles,
construction, wholesale and retail trade, and electronics.
These sectors could contribute to a GDP increase of IDR 593-
638 trillion by 2030, generate annual household savings of
nearly 9 per cent of the budget, and create 4.4 million jobs,
with 75 per cent of these opportunities available for women
(Shifting Paradigms, 2020; UNDP Indonesia, 2022)

The government, in collaboration with UNDP and the
Danish government, has launched a book titled “The future is
circular: Concrete steps for circular economic initiatives in
Indonesia.” This book serves as the first step in crafting a
circular economic policy roadmap for Indonesia. Overall, the
development of CE in Indonesia represents a comprehensive
effort to transform the country’s economic model into one that
is more sustainable, efficient, and environmentally friendly.
Key elements of this initiative include the government’s
commitment, its incorporation into national development
plans, and a focus on various sectors (UNDP Indonesia, 2022).
CE will play a significant role in helping Indonesia achieve its
nationally determined contribution (NDC). Indonesia aims to
reduce greenhouse gas emissions by 29% by 2030, with the
potential to raise this target to 41% through international
cooperation.

The concept of low-carbon development has been
mainstreamed in the RPJMN 2020-2024 and the roadmap for
achieving Indonesia’s 2030 NDC. Both documents prioritize
five sectors: sustainable energy development, integrated waste
management, green industry development, sustainable land
restoration, and the inventory and rehabilitation of coastal
and marine ecosystems. From 2010 to 2019, 895 companies
received green industry awards. Additionally, 1,707 industries
achieved blue and gold certifications in the company
performance rating program for environmental management.
These efforts contributed to a reduction of approximately
93.83 million tons of greenhouse gases and 50.59 million tons
of pollutants. The government has implemented strategic
programs, including the development of B30 biofuel.
Additionally, there have been advancements in converting
waste into alternative fuels, notably through refuse derived
fuel.
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Table 1. Summary of 20 MSMEs studied by product, type of innovation, and CE practice

No Product Type of innovation CE practice

1 Batik Product innovation Introducing eco-friendly product variations using natural dyes

2 Batik Process innovation Improving production process by treating liquid waste to reduce pollution

3 Batik craft Product innovation Creating new value-added products from batik waste materials

4 Ecoprint Product innovation Offering environmentally friendly products using natural dyes and plant materials

5 Ecoprint Product innovation Offering environmentally friendly products using natural dyes and plant materials
. Product + process .. . . . . .

6 Ecoprint . p. Combining eco-friendly production with transformation of waste into new products.

innovation
7 Tofu Process innovation Supplying liquid waste to public disposal channels for biogas, a renewable energy

production

8 Coconut husk products Product innovation

Developing new products using coconut husk waste as the main input material

9 Coconut husk products Product innovation

Developing new products using coconut husk waste as the main input material

10 Coffee shop Product innovation Sourcing only from suppliers practicing organic agriculture

11 Catering Organ}zatlona. /process Natural dyes, supplying organic waste to neighboring farmers for composting
innovation

12 Catering Organ;ia:ésgglgﬁrocess Natural dyes, supplying organic waste to neighboring farmers as livestock feed

13 Used tire repurposing  Product innovation

Creating new value-added products from used tires

14 Used tire repurposing  Product innovation

Creating new value-added products from used tires

15 Waste collector Process innovation

Improving waste-sorting processes to increase material recovery and recyclability

Organizational/process

16 Garment . . Supplying textile offcuts to other artisans as materials for craft-making
innovation
17 Bakery Organ;rzlerlltégztaiéﬁrocess Supplying eggshell waste to neighboring farmers to be processed into fertilizer

18 Fish processing Product innovation

Processing fish sourced solely from organic cultivation systems

19 Snack production Product innovation

Creating new snack products by repurposing food waste or by-products

20 Tourism village Product innovation

Producing handicrafts from inorganic waste

Innovative Practices of Circular Economy Among Rural
MSMEs in Banyumas District

Before moving to the thematic analysis, it is necessary to
outline the profile of the MSMEs that constitute the empirical
basis of this study. Table 1 presents a structured summary of
the 20 enterprises, detailing their product focus, the type of
innovation implemented, and the corresponding CE practices.
This descriptive overview provides a clear context for
interpreting the subsequent results and establishes the
analytical foundation for understanding how various forms of
innovation support rural circularity in Banyumas District.

The innovative approaches employed by MSMEs in
Banyumas District to implement CE practices include the use
of environmentally friendly raw materials and auxiliaries, such
as eco-print and natural dyes, the utilization of renewable
energy sources, such as biogas, waste sorting for culinary
businesses and waste banks, and waste repurposing. In
addition to these well-established practices, MSMEs across
different sectors also demonstrate a wider range of CE
strategies, including organic sourcing, material circularity
through inter-firm collaboration, and creative transformation
of both organic and inorganic waste into new products.

One notable method is the use of eco-print and natural
dyes as environmentally friendly raw materials. As an ecoprint
artisan explained, “Ecoprint is regarded as an eco-friendly
practice because it consistently uses natural ingredients,
including grasses, leaves, flowers, fruits, and twigs.” Eco-print
transfers leaf and flower motifs onto fabrics, producing
environmentally friendly waste, as the motifs and dyes are
derived from natural materials (Annesha & Fajar, 2020; Flint,
2008; Rahmaningtyas et al., 2021). Natural dyes, extracted
from plants, minerals, and animal-based sources, are

biodegradable, non-toxic, and non-carcinogenic. They also
protect against ultraviolet light (Cristea & Vilarem, 2006;
Ibrahim et al., 2011; Prabhu & Teli, 2014; Sarkar, 2004; Sayem
etal., 2021; Sun & Tang, 2011; Wang et al., 2024). In Banyumas
District, natural dyes are used in eco-print and batik
production. While all eco-print producers employ natural
colours, most batik entrepreneurs still rely on synthetic dyes.
This aligns with a batik entrepreneur’s statement that, “Batik
typically uses chemical dyes, but we also develop batik products
using natural dyes to differentiate ourselves from competitors.
There is a segment of premium consumers who are concerned
about and prefer natural-based products.” Synthetic dyes,
although superior in color fastness and ease of application
(Fobiri, 2022), pose significant environmental and health
challenges. They often contain harmful chemicals such as
sulfur, naphthol, and heavy metals, which can pollute water
bodies and harm aquatic life if not properly disposed of (Garg
& Chopra, 2022; Singha et al., 2021). Additionally, wastewater
adversely affects soil, air, and plants, leading to various health
issues for humans (Slama et al., 2021). Several batik and eco-
print enterprises further innovate by repurposing textile waste
into derivative products, demonstrating product-level
circularity that expands their value chain. Waste repurposing
enables the creation of accessories, decorative items, or small
craft materials, thereby reducing solid waste and enhancing
resource efficiency.

The use of natural dyes in batik production reflects a
commitment to environmentally friendly practices while
preserving a centuries-old tradition. Derived from plants,
minerals, and animals, these dyes produce a wide range of
colors. They offer several advantages over synthetic dyes,
especially concerning their environmental impact and health
benefits. Common examples of natural dyes used in batik and
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eco-print production include Indigofera tinctoria, mahogany
bark, Ceriops tagal, mangosteen rind, teak leaves, and
turmeric. The natural dyeing process involves specific steps
that differ from those used for synthetic dyes, as natural
materials require more time and precision.

Beyond textiles, natural dyes are gaining popularity in
culinary products and local crafts. Dyes derived from turmeric,
pandan leaves, mangosteen peel, and other plants are used as
alternatives to synthetic dyes, offering added health and
product-safety benefits. The use of environmentally friendly
raw materials not only reduces negative environmental
impacts but also improves the market appeal of these
products, both locally and internationally. MSMEs in food-
related sectors also demonstrate circular practices. For
example, coffee producers source beans exclusively from
suppliers practicing organic agriculture, while fish-processing
enterprises rely solely on organically farmed fish. These
practices represent product innovations linked to sustainable
sourcing. Meanwhile, snack-production MSMEs repurpose
food waste into new snack products, thereby extending the
utility of by-products that would otherwise be discarded.

The community in Banyumas District has begun to
embrace renewable energy solutions. One of the key
innovations is the use of biogas derived from livestock waste
and tofu industry by-products. Biogas not only helps to reduce
greenhouse gas emissions but also provides an alternative
energy source that can replace fossil fuels. In tofu MSMEs,
liquid waste is channeled to public disposal systems designed
for biogas production, illustrating how process innovation can
convert waste streams into renewable energy. Biogas not only
helps to reduce greenhouse gas emissions but also provides an
alternative energy source that can replace fossil fuels.
Additionally, micro-hydro power plants are being harnessed in
areas with rivers, such as Kalipondok hamlet in Karangtengah
village, Cilongok District. These micro-hydro systems offer a
sustainable, low-cost renewable energy source, supporting
daily activities while reducing reliance on conventional
electricity.

In the culinary sector, innovation is being introduced
through effective waste sorting. Organic waste is separated for
use as livestock feed or compost fertilizer. This practice is
strengthened through collaboration with neighboring farmers,
who routinely collect organic waste from catering and bakery
MSME:s for composting or for feeding livestock such as goatsas
described by one informant. “In our village, mutual support is
part of everyday life, so I separate organic waste, and my
neighbors freely take it to use as fertilizer or as feed for their
goats.” These arrangements illustrate organizational and
process innovation rooted in local community embeddedness.
In contrast, inorganic waste is processed at waste banks,
facilitating organized waste management and generating
economic value from sorted materials. Waste collectors
further support CE by sorting mixed waste before sending
recyclable materials to recycling facilities, enhancing material
recovery at the district level. Culinary MSMEs also utilize food
waste as animal feed, fostering a mutually beneficial cycle
between the culinary industry and livestock farming. This
strategy not only reduces waste volume but also offers
economic benefits by lowering feed and fertilizer costs. In
Banyumas District, there is no final disposal of waste because

all waste has been processed through waste banks and
integrated waste management sites.

Waste repurposing is another innovation. Coconut waste is
transformed into coconut bristle, coconut fiber, and cocopeat,
which are derived from processing coconut waste. This waste
is transformed into various value-added products, including
brooms, mats, planting media, and furniture. Coconut shells
are converted into charcoal, briquettes, activated carbon,
handicrafts, and even cosmetics such as soap and scrubs.
Coconut-husk MSMEs in this study demonstrate product
innovation by using coconut husk waste as their primary raw
material, highlighting how agricultural by-products can
support new rural industries. A producer highlighted local
resource abundance, saying, “Coconut husks are abundant in
rural areas because people typically consume only the water and
flesh... their use is still largely limited to brooms or doormats. But
international markets prefer natural-based products, giving
coconut-husk crafts strong export potential.” Used tires are also
creatively processed into spare parts, furniture, sandals, and
ropes. Some are recycled into rubber powder for asphalt or
sports mats, while others undergo pyrolysis to produce
alternative fuels (Alfansuri & Kurniawan, 2023). Yet many
small-scale producers emphasize that only older nylon-thread
tires are suitable for these crafts; modern radial tires
reinforced with steel wires hinder production, illustrating
technological and material constraints that affect CE practice
viability. Textile MSMEs also engage in circular practices by
supplying garment off-cuts to other artisans, enabling
material circulation within local craft networks. Similarly,
tourism-village groups transform inorganic waste such as
plastic bottles and packaging into craft products for visitors,
demonstrating community-led CE innovation in rural tourism.

Taken together, these practices show how rural MSMEs in
Banyumas creatively apply CE principles by leveraging local
resources and waste materials. Compared with studies in
developed countries (e.g., Tura et al., 2019), the Banyumas
case highlights grassroots innovations driven less by advanced
technology and more by resource constraints and local
creativity. Kirchherr et al. (2018) identify regulatory pressure,
market demand, and cost savings as the main drivers of CE
adoption in SMEs. Case evidence from Finland’s textile sector
shows that CE enhances efficiency, lowers costs, and
strengthens brand image, though success relies on adaptability
to market and technology shifts (Tura et al., 2019). Other
studies confirm that CE reduces waste and optimizes resources
(Lieder & Rashid, 2016), improves economic performance
through cost savings and efficiency (Murray et al., 2017), and
fosters resilience to market fluctuations. Beyond economic
gains, CE also generates social benefits, including job creation
in recycling and repair, and stronger community well-being
(Stahel, 2016).

Challenges Facing MSMEs in Implementing the Circular
Economy in Banyumas District

Innovative practices in batik and eco-print businesses,
such as the use of natural dyes, face several challenges despite
their advantages. Key issues include raw material scarcity,
unstable colors, and high production costs. Certain dye plants
are seasonal or sourced from distant areas, requiring precise
coordination between fabric preparation and leaf delivery.
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Moreover, natural dyes are often less resistant to sunlight
and washing compared to synthetic dyes, making mordanting
and fixation crucial for durability. The dyeing process is also
more time-intensive and costly due to the repeated extraction
and application steps.

Market demand also constrains eco-friendly textiles. Local
purchasing power is limited, forcing producers to sell mainly
in Jakarta-Bogor-Depok-Tangerang-Bekasi (Jabodetabek),
where consumers can afford higher prices as noted by one of
the artisans. “Natural dyes are much more expensive than
chemical dyes, which makes ecoprint products pricier ... many
consumers still do not understand the differences between
chemical and natural dyes ... this is why consumer education is so
important.” Similarly, eco-print entrepreneurs report that the
prices of certain natural dyes are very high, leading to selling
prices that far exceed those of fabrics with synthetic dyes. This
aligns with findings that green products often face market
acceptance barriers unless supported by consumer awareness
and stronger purchasing power (Kirchherr et al., 2018).

In renewable energy, biogas installations in Kalisari village
have shown mixed results, with only three of six units
functioning effectively. Problems arise from inconsistent tofu
waste quality, inappropriate digester design, and irregular
maintenance. Prior research confirms that feedstock
variability and design mismatch can destabilize methane
production (Mir et al., 2016; Schniirer, 2016). Inconsistent
management and maintenance also affect the installation’s
performance. Biogas digesters require regular monitoring of
temperature and pH to ensure optimal microbial activity.
According to Ashur and Bengharbia (2015), temperature and
pH variability can reduce gas production by up to 30% in
anaerobic digesters. The lack of training further undermines
sustainability, as Chodkowska-Miszczuk (2022) highlights the
role of user education.

Waste-based industries also face supply shortages. For
example, tire craftsmen in Kebanaran struggle due to the
dominance of radial tires, which are harder to process than bias
tires. A used-tire craftsman lamented,

There used to be many artisans who crafted products
from used tires, but most have closed... modern tires
contain steel wires which are very difficult to cut using
simple tools ... what was once a thriving craft sector has
disappeared because the materials themselves have
changed.

Alternatives such as recycling into asphalt, pyrolysis for
fuel, or construction use have been suggested (Alfansuri &
Kurniawan, 2023; Nastain & Maryoto, 2018), but local
adoption remains limited. Overall, the challenges in Banyumas
resemble global barriers to CE adoption — financial
constraints, lack of knowledge and awareness, and regulatory
challenges, limited access to technology and infrastructure,
and market uncertainty (Asfahani et al., 2023; Binek & Al-
Muhannadi, 2020; Bocken et al., 2016; Garcia-Quevedo et al.,
2020; Kirchherr et al., 2018), but are magnified by local factors
such as seasonal raw material supply and limited consumer
demand. This underscores the importance of tailored policy
support and capacity building for rural MSMEs.

Opportunities for Rural MSMEs in Banyumas District in
Implementing Circular Economy

Rural Banyumas offers significant opportunities to
advance CE due to its abundant natural resources and creative
local industries. Leaves, flowers, and tree bark provide eco-
print and dyeing materials, while coconut husks—often
discarded—can be processed into high-value handicrafts,
planting media, and bioenergy. Using waste as raw material
can simultaneously reduce costs and generate new income
streams. Creative MSMEs transform agricultural by-products
into eco-friendly bags, crafts, and organic fertilizers, appealing
to environmentally conscious consumers in both domestic and
international markets. This reflects Rizos et al. (2016), who
note that SMEs often leverage local resources and networks to
innovate despite limited capital.

Waste substitution also enhances competitiveness. For
instance, artisans who replace synthetic inputs with coconut
husks or tire rubber achieve cost savings while offering greener
products. Lower production costs improve profit margins and
expand access to eco-sensitive markets. This aligns with
Bocken et al. (2016), who emphasize the potential of
sustainable product markets. Collaboration presents another
opportunity. In a CE ecosystem, one enterprise’s waste
becomes another’s resource—for example, coconut processors
selling husks to handicraft producers. Such partnerships foster
innovation, reduce waste, and create new business models.
These findings align with international evidence that
collaboration strengthens SMEs’ capacity for CE (Bocken et al.,
2016; Rizos et al., 2016). Taken together, Banyumas MSMEs
demonstrate how rural areas can convert resource abundance
and community collaboration into CE opportunities. While
their innovations differ from high-tech CE models in
developed countries, they highlight grassroots strategies with
strong potential for replication in similar rural contexts.

Based on the key findings presented earlier, Table 2 maps
the ways in which local resource endowments and enterprise-
level innovations operate as interconnected drivers in the
development of the CE ecosystem in Banyumas District.

The patterns observed in Banyumas align closely with
evidence from rural and resource-constrained regions across
the Global South, where CE adoption is typically shaped by
structural limitations, locally embedded knowledge systems,
and socially driven modes of organising production. In Sub-
Saharan Africa, for instance, CE uptake is frequently propelled
by community-based initiatives—such as youth and women’s
collectives and regional alliances like the African circular
economy network—yet constrained by persistent deficits in
political commitment, financing, and public awareness
(Debrah et al., 2022; Khan & Ali Mihaisi, 2023; Koech et al.,
2023; Zhang et al., 2025). Similar to Banyumas, these contexts
illustrate how CE practices often emerge informally, even
when SMEs do not explicitly label their activities as “circular”
(Adesua-Lincoln, 2025), and how infrastructural and
regulatory gaps continue to limit more transformative
adoption (Zuofa et al., 2023).

In Southeast Asia, CE transitions remain uneven. While
Vietnam demonstrates relatively advanced progress enabled
by organizational leadership and innovation capabilities
(Chowdhury et al., 2022; Herrador & Van, 2024), many SMEs—
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Table 2. Rural CE ecosystem in Banyumas District: Local resources, innovation, and circular practices

Component Description

Examples from Banyumas MSMEs

Local inputs
waste streams are used as raw .
materials for innovation.

Abundant local natural resources and » Leaves, flowers, bark for eco-print and natural dyes
Coconut husks, shells, and fibers
» Tofu liquid waste for biogas Agricultural by-products

» Waste tires

Types of innovation Innovations applied by MSMEs to
transform resources and waste into

value-added products.

Product Innovation: Eco-print textiles, coconut husk crafts, tire-based crafts,
natural dyed batik, food waste—based snacks.
Process Innovation: Waste sorting (culinary), wastewater treatment (batik),

waste bank sorting, biogas production (tofu).
Organizational Innovation: Partnerships with farmers for composting,
exchange of offcuts among artisans.

CE practices CE principles implemented in

production and consumption

» Waste repurposing (coconut, tires, food waste)
» Waste-to-energy (biogas)

» Renewable materials (natural dyes)
» Resource loops (waste banks, offcuts exchange)
» Organic waste for compost and livestock feed

Resource loops How waste becomes input for other

enterprises, creating circularity .

Tofu waste — biogas units
Catering organic waste — animal feed/fertilizer

» Textile offcuts — handicraft artisans
» Coconut waste — fiber, charcoal, briquettes, crafts
» Mixed waste — waste banks

Actors involved MSMEs, local community groups, .
farmers, artisans, waste banks, .

tourism village managers. .

Eco-print producers
Batik artisans
Coconut husk processors

» Culinary MSMEs, tofu producers
» Waste collectors and waste banks
» Tire artisans

Value creation Environmental, economic, and social »

value generated .

Reduced pollution (batik wastewater treatment)
New products and markets (eco-print, coconut fibers)

» Lower production cost (waste substitution)
» Job creation (recycling, craft-making)

Local limitations that hinder CE .
implementation .

Constraints

Seasonal supply of dye plants
Unstable color quality

» Limited local purchasing power
» Design mismatch in biogas units maintenance problems
» Shift from nylon-based to radial tires

including women-led enterprises in the Philippines—continue
to operate within linear production logics due to limited
ecodesign capacity, weak partnerships, and insufficient access
to renewable inputs (Katigbak & Villaruel, 2023). Evidence
from Thailand and Malaysia further highlights the importance
of institutional facilitation, with community-level waste-
reutilization initiatives demonstrating significant CE
outcomes (Thongplew et al., 2022), even as SMEs struggle with
high costs, limited market demand, regulatory pressures, and
low awareness (Indiran et al., 2025).

South Asian studies also parallel the Banyumas context.
Nepal’s fragmented and partially operational CE elements
indicate that CE adoption in developing economies remains
contingent on targeted policy reform and integration within
broader socio-economic frameworks (Melles et al., 2025). In
India, CE uptake is shaped by technological readiness and
capability constraints, with Industry 4.0 technologies
presenting both enablers and barriers for SMEs (Despoudi et
al., 2025; Nudurupati et al., 2022), and with financial,
informational, and infrastructural deficits emerging as
systemic obstacles (Kumar et al., 2025; Mishra et al., 2025).

Comparable dynamics are present in Latin America. Cases
from Mexico, Chile, and Spain underscore that CE
implementation success depends on alignment with local
institutional and market conditions, and that misalignment

exacerbates implementation barriers (Canti et al., 2021;
Gallego-Schmid et al., 2025; Ormazabal et al., 2018; Villegas
Pinuer et al., 2021). Spanish and Chilean SMEs, like those in
Banyumas, often prioritize cost savings and regulatory
compliance over broader CE transformation (Pinuer et al.,
2024), whereas Colombian evidence illustrates that eco-
innovation can produce measurable environmental and socio-
economic gains even within structurally constrained settings
(Tegethoff et al., 2025).

Taken together, this cross-regional evidence demonstrates
that the CE practices of Banyumas MSMEs—characterized by
low-tech innovation, material circularity grounded in locally
abundant resources, and community-embedded cooperation—
fit within a broader developing-country pattern in which CE
emerges through necessity-driven creativity rather than
through capital-intensive technological upgrading. At the
same time, the comparative literature reinforces that
structural constraints observed in Banyumas—including
limited financing, weak market incentives, technological
barriers, and modest consumer awareness—are not unique but
instead constitute recurrent features of CE transitions in rural
and emerging-economy contexts.
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CONCLUSIONS

This research aims to identify various innovative practices
in the implementation of the CE by rural MSMEs in Banyumas
District, Central Java. The study revealed practices such as the
use of environmentally friendly raw materials, renewable
energy, waste sorting, and reuse. These practices are
motivated by cost efficiency, market demand, and
environmental concerns, though constrained by the limited
availability of natural dyes, high production costs, consumer
unawareness, and maintenance difficulties with renewable
energy systems. The findings contribute to the field by
highlighting the unique rural MSME context in Indonesia,
which is often overlooked in CE studies that focus on urban or
industrial clusters. This research demonstrates that rural
MSMEs can act as local sustainability drivers but face distinct
challenges, including resource scarcity, weak infrastructure,
and limited consumer awareness.

Government support remains essential. Key enablers
include financial incentives and green financing,
infrastructure for waste and renewable energy, training and
capacity building, and multi-stakeholder collaboration. To
make these implications more actionable, the study
recommends:

(1) establishing village-level CE training centers to
strengthen technical and managerial capabilities,

(2) providing targeted fiscal incentives and blended
financing schemes for MSMEs adopting CE models, and

(3) developing community-based CE clusters that connect
MSMEs, farmers, waste banks, and artisan groups to
enhance material circulation and local value creation.

These recommendations align with Indonesia’s national
circular economy roadmap and its sustainability
commitments, particularly SDG 6 (clean water and sanitation),
SDG 7 (affordable and clean energy), SDG 8 (decent work and
economic growth), and SDG 12 (responsible consumption and
production). Incorporating gender-inclusive training and
promoting women-led MSMEs are also important for
enhancing equitable participation within rural CE ecosystems.

Further studies on cross-sector collaborative platforms
that integrate MSMEs, academia, local government, and civil
society are needed to scale innovation and enhance rural
competitiveness. Future work should also deepen theoretical
engagement by assessing how grassroots CE practices align
with or challenge existing frameworks such as industrial
ecology, systems thinking, and sustainable development
theory.
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