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Abstract

The adoption of circular economy approaches in agri-food value chains in developing
countries remains underexplored, particularly in contexts dominated by smallholder farm-
ers. This paper aims to analyze existing circular practices and identify key barriers to
circular transformation in developing country agri-food value chains, with a specific focus
on Indonesia. Using a qualitative research design, the study draws on semi-structured
interviews, with different value chain players, to empirically examine circularity within
the cashew value chain in Indonesia. The findings reveal that while a range of circular
practices are undertaken by individual actors across the value chain, these activities remain
largely fragmented and weakly coordinated. Key barriers to further circular transforma-
tion include limited awareness, economic imperatives, constrained access to appropriate
technologies, and insufficient institutional support. Notably, access to finance was not
perceived as a major constraint. This study contributes to the literature by providing a
multi-actor, value chain perspective on circularity in smallholder-based agri-food systems
in developing countries. It offers novel empirical evidence that existing informal circular
practices play an important role and should be preserved as value chains modernize. The
findings further highlight the importance of stronger vertical and horizontal coordination
to scale and integrate circular activities and support a more holistic sustainable transition.

Keywords: circular economy; agri-food; value chain; Indonesia; cashew sector; developing
countries

1. Introduction
The increasing demand for sustainable agri-food products requires a whole value

chain approach. Agri-food systems are pivotal for global food security and livelihoods
but are increasingly pressured by rising demand, resource inefficiency, and environmental
degradation. The agriculture sector has limited resources (land, water, and labor, etc.) to
produce more food and needs to utilize these resources more sustainably [1]. Agricultural
development is also prone to social and environmental depredation, such as the overex-
ploitation of workers, overly intensive soil use, loss of cultural/traditional practices, and
excessive chemical use [2,3]. Mehmood [4] suggest that the circular economy (CE) approach
provides a potential solution to these economic, social, and environmental challenges by
enabling more self-sustaining production systems. The CE proposes a restorative and
regenerative system designed to eliminate waste and keep materials in use indefinitely.
CE principles promote resource efficiency, by-product valorization, and the closing of
material loops.
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There is a growing interest in the CE concept from businesses, governments, academia,
and the broader public (consumers). However, it is not yet well understood how businesses,
and their production and consumption processes, could transition towards a CE. At the
same time, there is a need for radical change in how resources are used and reused, and the
role of different actors in the value chain in managing these resources [5]. The CE proposes
a restorative and regenerative system designed to eliminate waste and keep materials in
use indefinitely [6,7].

Agri-food value chains are trying to transform to a CE model for high-value markets
in many developing countries [1]. More complex governance and value addition activities
have evolved, with an emphasis not only on agri-food products but also on how food is
produced and consumed [2]. However, the World Bank [8] suggests that smallholders
are the key player in the value chains in developing countries, yet they have limited
resources and bargaining power, and are typically trapped in a traditional value chain
system supplying local markets with commodity products. The recent trend towards a
focus on sustainable practices in agriculture presents further challenges to agri-food value
chains and smallholders in particular. Value chain actors are required to refocus on “value”
from the multi-functional perspectives of sustainability and circularity [9].

In contrast to the linear take–make–dispose model [5], the CE focuses on how to reduce,
reuse, recycle, regenerate, and use waste as a source of alternative materials/products [10,11].
Linear systems can transform into circular economies when end-of-life products are repro-
cessed and used as an input resource in a forward supply chain [12]. Circular business
models, with their restructured production processes, can provide a new source of value
that can benefit businesses financially and also improve their reputation [5,9,13].

Since the CE can provide insights to improve value chain coordination and lead to more
sustainable and circular practices, it has been acknowledged as critical to integrate it with
sustainable agri-food value chain management [1,12]. Some studies have emerged on CE
in the agriculture sector [12,14–18]; however, there is limited empirical research connecting
the CE and its application in agriculture value chains. Zhang et al. [19] suggest that more
research is needed in the primary sector as well as research in the context of developing
countries. Furthermore, as more businesses seek to switch from the conventional linear
model to a circular model [19], it is still debatable whether it offers any benefits for different
value chain actors or instead just presents more challenges. Our research aims to fill this
gap in the literature by analyzing the circularity in agri-food value chains in the context
of developing countries and we have the following research questions: What are the
current circular practices in the agri-food value chain? What are the barriers to circular
transformation, with specific focus on Indonesia’s cashew case as an example?

Indonesia’s cashew nut sector is used as a case study to demonstrate the application
of the framework forwarded by this paper. The cashew sector in Indonesia presents an
intriguing opportunity to examine a value chain within the framework of developing
countries. Agriculture is a very important sector for the Indonesian economy and the
cashew sector has received significant governmental support through regulations and
growth incentives as a high-value product [20,21]. Cashew planting was initiated in 1975
by the Forestry Department as part of afforestation programs for critical land and dry
climatic condition areas [22]. Cashew crops have the potential to improve soil conditions in
arid areas, thereby supporting sustainable agriculture [23]. Indonesia is an important Asian
cashew producer and exporter [24–26], with export volume fluctuating but following an
increasing trend over the last 20 years [20]. Nevertheless, approximately 99.8% of cashew
nuts in Indonesia are cultivated by smallholder farmers, who are often face challenges
related to sustainability practice [27,28].
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This research provides both theoretical contributions and practical implications. First,
this study answers the call for further empirical research on circularity in the agriculture
sector. Second, most of the available literature, theories, and frameworks are based on
concepts that are applicable and relevant to developed countries, while this study is one of
the first to provide exploratory empirical results in a developing country context. Third,
there are several studies discussing circular approaches at the individual company level,
while this study extends our knowledge of multi-actor value chain perspectives.

2. Literature Review
2.1. Circular Economy

The origins of the CE concept link back to the longstanding idea of “closing the loop”
for materials in the economy [29–31] and, in particular, the industrial ecology concept
which emerged as a research topic in the early 1980s [32]. In general, these concepts
build on the idea that there are potential environmental (and economic in some cases)
benefits of increased reuse, refurbishment, remanufacture, repair, and recycling of materials
and/or products.

The CE concept was popularized by McDonough and Braungart [33,34] with their
“cradle-to-cradle” publications, and then by the Ellen McArthur Foundation (EMF).
Table 1 summaries the EMF approach, which is based on three core principles (https:
//ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview, ac-
cessed on 2 June 2024): eliminate waste and pollution, circulate products and materials
(at their highest value), and regenerate nature. The CE “. . . is underpinned by a transi-
tion to renewable energy and materials. A circular economy decouples economic activity from
the consumption of finite resources. It is a resilient system that is good for business, people and
the environment.”

Table 1. CE principles.

Source Principle

Ellen MacArthur Foundation [35]

Design out waste
Build resilience through diversity

Rely on energy from renewable sources
Think in ‘systems’

Waste is food

Ellen MacArthur Foundation [6]

Preserve and enhance natural capital by controlling
finite stocks and balancing renewable resource flows

Optimize resource yields by circulating products,
components, and materials at the highest utility at all

times in both technical and biological cycles
Foster system effectiveness by revealing and designing

out negative externalities

The CE is often represented graphically by a so-called butterfly diagram whose two
“wings” highlight that biological and technical nutrients are differentiated and managed
differently in the CE. Biological nutrients are those materials (e.g., timber and paper) or
products (e.g., food items) that can degrade into simpler organic compounds through
biological processes, and technical nutrients are durable materials (e.g., steel and plastic)
or products (e.g., televisions and cars) used in industrial systems and which can (at least
potentially) be recycled within industrial systems. Biological nutrients can be returned to
the biosphere, where they will safely degrade, whilst the aim is to retain technical nutrients
within industrial ecosystems [35].

The CE concept has been criticized for several reasons. Firstly, its application may
not lead to reduced environmental impacts of economic systems due to rebound effects at
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different system levels (micro, meso, and macro). Secondly, it does not adequately address
social equity aspects, including impacts on future generations [36,37]. Thirdly, it may
not deliver economic benefits. Lastly, a focus on the CE may divert attention from other
approaches that could be more effective in guiding societies to more sustainable futures, in
particular, the need to radically reform economic systems. Korhonen et al. [38] therefore
suggest that the CE is an “essentially contested concept”. This is substantiated by Kirchherr
et al. [36], who identify 114 definitions of the CE. The latter also note that the main aim of
the CE is economic prosperity followed by environmental quality, whilst others interpret
the CE as having a primary aim of environmental quality [39].

There is a disconnect between research on the management of circular initiatives,
particularly at the micro-level, and research on the quantitative modeling of material flows
and related environmental impacts associated with circular systems. The management
research agenda has been largely addressed through the lens of green or sustainable supply
chain management (e.g., [40–42] and, more recently, circular supply chain management [19].
However, the quantitative modeling of (circular) material flows and environmental im-
pact modeling has been addressed through the lens of industrial ecology, and Life Cycle
Assessment (LCA) studies. Zink and Geyer [43] noted this disjunct and redraw the typ-
ical material flow diagram found in industrial ecology and LCA studies to include the
markets that mediate these flows in economic systems. They concluded that, “it turns
out that simply closing material loops is not enough to guarantee environmental improvement”.
Therefore, a further criticism of the academic literature on the CE is the lack of attention
to integrated studies on product circularity initiatives and the role of actors in potentially
circular value chains alongside the assessment of environmental and social, as well as
economic, outcomes.

For the purposes of this research, we define the key characteristics of a circular econ-
omy as the three core principles listed by the Ellen MacArthur Foundation plus two addi-
tional ones. A “transition to renewable energy” is described as underpinning the realization of
a CE by the EMF [44], and the differentiation between technical and biological nutrients is
fundamental to the CE concept articulated by both McDonough and Braungart [33,34] and
the EMF [6,35]. Thus, the key circular characteristics used in this research are as follows:

1. Eliminate waste and pollution.
2. Circulate products and materials (at their highest value).
3. Regenerate nature.
4. Rely on energy from renewable sources.
5. Differentiate technical and biological nutrients.

2.2. Agri-Food Value Chain

The value chain approach has been increasingly employed as a key driver in the
development of the agri-food industry. The concept can be used to illuminate the au-
thority and power relationships between different actors (governance) and value-added
activities [2,45]. Altenburg [46] argues that governance is broader than control as it also
facilitates cooperation between agri-food value chain actors and establishes resources al-
location [47]. Value chain governance includes the vertical and horizontal coordination
of the supply of products and services to markets [48]. Vertical coordination is required
to integrate and align the activities along the chain (e.g., between producers and traders,
suppliers and processors) [49]. Horizontal coordination, on the other hand, refers to the
relationships between chain actors at the same level (e.g., between farmers) [50]. Agri-food
value chain governance has become more complex due to globalization and sustainability
requirements [12].
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Value addition is created at different stages and by different actors throughout the
value chain [48] via product quality, safety, costs, delivery, and innovativeness. Value-
added activities in agri-food chains can be divided into those focused on pre-harvest and
post-harvest quality [51]. Pre-harvest quality refers to the state of ripening and storage
(i.e., color, flavor, texture, color, and blemish), whereas post-harvest quality describes the
finished product’s processing (i.e., grading, slicing, ingredients, and packaging). Value
can also be destroyed during the process, as the amount of consumable food decreases or
quality is undermined [10]. The actors that create most of the value are not necessarily able
to capture an equivalent share of the wealth arising from value-added activities [52].

The majority of agri-food value chain actors in developing countries adhere to tra-
ditional practices, with smallholders playing a crucial role as primary suppliers of raw
materials. These smallholders typically find it difficult to integrate with the wider value
chain and struggle to create high-value offerings because of their limited resources, skills,
and market power [48,53]. As a result, these value chains suffer from high food loss during
harvesting and storage [54], leading to governmental initiatives to support smallholder
farmers with the aim of improving their production capabilities so they can supply modern
markets. The government support includes various measures, such as training programs,
financial assistance, incentives/subsidies, technology transfer, and the development of in-
stitutions like farmer groups [27,45]. Value chain practice transformation is also frequently
pursued by government agencies as a strategy to enhance smallholders’ farming practices
to meet high-value markets [27,55].

2.3. Development of a Framework for Assessing Circular Agri-Food Value Chains in
Developing Countries

Another pressing challenge in the agri-food sectors in developing countries is the
rising demand for sustainable practices. This necessitates that the actors strike a balance
between their economic profit orientation and their social–environmental concerns [2,27,56].
The CE approach holds promise as a potential solution to address economic, social, and
environmental challenges and promote self-sustaining systems [4].

CE strategies in agri-food systems emphasize waste valorization, nutrient and energy
recovery, and the reuse of secondary materials [57]. Studies highlight the importance of
maximizing value extraction from agricultural by-products by converting them into higher-
value outputs such as biofertilizers, animal feed, biomaterials, and bioenergy, thereby
enabling circular business models and improving resource efficiency [58,59].

Previous studies have identified barriers to realizing circularity and sustainable prac-
tices. For instance, Mor et al. [60] mentioned that adopting sustainable agri-food value
chains and a circular economy requires participation from multiple stakeholders (including
producers, businesses, governments, and consumers), which is a complex and challenging
process. Miranda et al. [12] agreed, stating that farms and firms may have different levels of
knowledge resources to identify business opportunities that may hinder governance activi-
ties. In addition to this, Mehmood et al. [4] identify three central CE barriers in agri-food
supply chains: institutional, financial, and technological. They explain that limited govern-
mental support and incentives, high cost of circular transformation, limited technological
innovation, and inadequate infrastructure are critical challenges for a circular transition.
Despoudi et al. [1] and Miranda et al. [12] support this claim as CE and sustainable value
chain initiatives require adequate working capital and investment in education. Technology
plays a crucial role in developing circular agri-food systems, and institutional support is
needed to promote governance activities in the adoption of circular practices [61]. Empirical
evidence is required to evaluate these barriers to a circular transition of agri-food value
chains in a developing countries context.
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Some empirical evidence from agricultural value chains demonstrates some level of
effectiveness of these approaches. In Vietnam’s rice sector, straw and husks are increasingly
valorized for mushroom cultivation, biomass energy, and organic fertilizers, replacing
residue burning and closing nutrient loops [62]. Similarly, Brazil’s sugarcane sector inte-
grates food and renewable energy production by valorizing by-products for bioethanol
and bioelectricity, while recycling nutrient-rich residues back to fields [63]. These cases
illustrate how CE practices can simultaneously enhance productivity, support renewable
resource-based systems, and reduce environmental impacts.

However, there is still limited research focusing on the connection between circular
initiatives and agri-food value chains, particularly in the developing countries context. The
two approaches have contrasting perspectives: value chains are predominately viewed as
linear business models in business, society, and research [5]. In developing countries in
particular, the goal of value chain management is typically to grow business by establishing
new relationships, hence, maximizing economic performance. Conversely, the CE focusses
on closing the loop, enabling the recovery of value across the wider supply chain [19],
thereby balancing economic gains with environmental impacts.

In summary, the CE has the potential to address some of the most pressing challenges
faced by agri-food value chains, including limited agricultural land, population growth,
and dietary changes [1,17]. Value chain actors in developing countries can utilize circular
principles when they develop their practices within the constraints of limited natural
resources while meeting the needs of a growing population and adhering to stakeholder
pressure for sustainability.

Figure 1 presents the framework proposed in this study to enable circularity in agri-
food value chains in Indonesia, which could be applicable in other developing countries.
Firstly, current practices in developing countries can be assessed using a traditional value
chain lens by evaluating the governance and value addition along the linear chain. The
six primary barriers previously identified can then be assessed to understand the main
obstacles to circular agri-food transformation. The final stage involves the application of the
five core circular principles, in doing so, we provide a route map to convert the traditional
value chain into a circular agri-food value chain.

Figure 1. Circular agri-food value chain transition in developing countries, including Indonesia.

3. Methodology
This study focuses on the cashew sector in Madura Island in Indonesia. Madura

Island is part of East Java Province in Indonesia, which plays a significant role in cashew
production, covering a cultivation area of 30,167 ha [64,65]. This island contributes ap-
proximately 11% of Indonesia’s national production [64], with an average productivity of
around 0.76 tons per hectare [66]. The ‘Cashew Belt’ program was implemented on Madura
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Island in 2014 to develop and intensify approximately 2660 ha of cashew plantations [64].
Sumenep Regency of Madura Island was chosen as the study area due to its status as a
key production hub, contributing approximately 40% to East Java Province’s total output.
With 14,950 hectares of cashew area, it represents the second largest plantation area in the
regency [67]. Additionally, 100% of cashew producers in this area are smallholders [28,64].

This study used qualitative methodology which allows further exploration and un-
derstanding of the phenomena relating to social or human problems [68]. Primary data
were collected via semi-structured and face-to-face interviews. This method provides an
opportunity for further explanations and additional space for the participants to share
their views. The questionnaire was developed from the framework explained above, by
focusing on cashew value chain players, current circular practices, and the barriers for
circular transformation. The barrier-related questions specifically examine several key
issues such as coordination and collaboration with other actors in the cashew value chain
(such as collectors, farmer groups, and processors) in relation to cashew waste utilization;
farmers’ socio economic condition, skills, and technical capacity to re-use waste and to
use technologies for processing; the financial costs and economic considerations involved
in waste processing; and the support from farmer groups or local institutions. A total of
25 respondents participated in this study, which represent the cashew value chain actors
and relevant governmental officers in 2024. The data were collected using purposive
sampling, because it offers a unique perspective relevant to this study and allows for a
deeper understanding of the phenomenon under investigation [69]. All respondents are
actively involved in the cashew value chain/sector in Indonesia with at least two years
of cashew sector experience. Data were collected from ten farmers, five intermediaries,
two processors, one exporter, one head of the Cashew Farmers Association of East Java
Province, two extension officers from the Agricultural and Plantation Agency, and four
governmental officials of Sumenep Regency (Agricultural and Plantation Agency, Trade
and Industrial Agency, and Cooperative and Small–Medium Enterprise Agency). Inter-
views were recorded and lasted between 45 and 60 min. In addition, photographs were
taken to maintain the reliability and validity of the data.

Spiral analysis was used to analyze the qualitative data, which entails the classification
of categories and subcategories The first phase involved organizing the data, including
the storage of interview materials and transcription of audio recordings. The next phase
focused on familiarization with the data through careful reading and the development
of analytic memos. In the third phase, the data were described, coded, categorized, and
interpreted, requiring a high level of analytical engagement. Coding was conducted to
identify key themes and patterns, often based on the frequency and significance of recurring
words and phrases [70]. Following this, interpretations were developed by comparing
perspectives across data sources and drawing on the researcher’s analytical judgment. In
the final phase, the findings were synthesized and presented in visual formats, such as
diagrams, to support interpretation and communication of the results.

4. Analysis
4.1. Cashew Value Chain Practice

Figure 2 provides an overview of the current cashew value chain configuration in
Sumenep Regency, Indonesia. The chain contains a multitude of small-scale farmers, several
intermediaries, one major processor, and a handful of exporters. In general, cashew nuts are
produced and marketed as raw produce, with the majority (75%) exported to neighboring
countries. The circular economic principles are highlighted in the diagram, leading to
further analyses in the following section.
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Figure 2. Sumenep cashew value chain practice.

The majority of cashew farms are family owned, with an average farm size of
0.35 hectares. Farmers mostly employ multiple cropping, which involves planting cashew
trees alongside other seasonal crops (i.e., corn or paddy) with the cashew trees planted as
hedgerows. The number of trees ranges from 5 to more than 100 trees (for larger farms).
Productivity ranges from 5 kg to nearly 100 kg per tree, as many of the smallholders pay
limited attention to their cashew trees as they focus on their other crops that provide
higher and more regular income. Farmers used self-cultivation seeds to rejuvenate their
cashew farm, and alternative seed sources may be sought from governmental seed grants.
Cashew farming relies heavily on rainfall as there is no irrigation system available in the
area. Herbicides are not commonly used for weed control because they poison and dry the
surrounding grass, making it unusable for animal feed. Chemical fertilizer is rarely used
for the cashew trees, rather manure from cattle is used as a fertilizer. Two methods are used
by the respondents to control pests and disease in their cashew farms: smoking cashew
trees and pesticides. Again, chemical pesticides are rarely used, while smoking cashew
trees is commonly applied with caution from a safe distance to avoid burning the trees. In
some cases, the burning material comes from pruning waste.

Pruning is carried out by selecting and cutting unwanted branches to maintain the
tree’s shape and improve productivity. It is undertaken primarily after the harvesting
season. Cashew apples are harvested, and the nuts that are removed are known as ‘wet-in-
shell’ nuts. Meanwhile, the outer casings (cashew apples) are used in various ways, such
as manure, animal feed, and for human consumption as fruit. Some farmers sell ‘wet-in-
shell’ nuts while many sell ‘dry-in-shell’ products after a drying process (sun exposure for
3–4 days).

In high-quality whole cashew fruit (maturely harvested), about 90% is cashew apple,
and 10% is the cashew nut (the product going to consumers) (Table 2). However, the
composition may vary depending on the size of the harvested cashew fruits. In many
cases, farmers harvest immature cashew nuts, which affects both the number of nuts
produced and their weight. While cashew apples can be used as animal feed or for human
consumption, most are discarded in the field, where they naturally decompose and act as
organic fertilizer. As a result, farmers often do not prioritize harvesting mature fruits of
good quality.
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Table 2. Cashew nuts and by-products.

No. Product Total Weigh
(Gram) Key Products Waste

Utilization

1 Cashew fruit 1 kg 10% nuts (around 100 g, 16–18 nuts)
90% cashew apples (around 900 g

Local
consumption,

cattle feed,
thrown away

2 Cashew nuts 1 kg 30% shelled nuts (around 300 g)
70% cashew shells (around 700 g) Fuel source

In fact, cashew apple waste can be utilized as an energy source in the form of bagasse,
as well as in the production of fermented cultures used in probiotics. Additionally, it can be
used for soil conditioning. Moreover, cashew apples are rich in vitamins and minerals, and
the residue left after juice extraction can further assist in the fermentation process [71,72].
However, more research is needed to identify which activities would be most suitable for
smallholders to engage in and what kind of businesses could be developed from cashew
apples. Farmers would need potential buyers for such waste products, as well as fair
pricing; otherwise, they are unlikely to be interested in such ventures, given that the cashew
nuts already offer a good price. They may also consider shelling the cashew nuts for a
potentially higher income.

Table 1 further shows that 1 kg of cashew nuts yields only around 300 g of edible
kernels, while the remaining 700 g consist of cashew shells. This means only 30% of the
cashew nut is used as a high-value food product. The leftover shells are typically sold to
the limestone industry as fuel, and farmers also use them as an alternative energy source
for traditional stoves. This further impacts the number of cashew nuts produced and the
resulting waste. Cashew nut shell waste can be converted into charcoal briquettes with
high calorific value and compressive strength [71,73].

Intermediaries buy either wet- or dry-in-shell nuts from farmers. Intermediaries are
typically small-scale collators or wholesalers. Small-scale intermediaries are often farmers’
relatives, friends, or traders who buy cashew products from farmers at the farm gate.
Meanwhile, wholesalers are mostly well-known traders in the area.

Around 25% of raw cashew products are processed by the main processor, who is also
the major wholesaler. The processing procedure starts with the un-shelling process. A mass
of 1 kg of ‘dry-in-shell’ nuts produces around 300 g of ‘shelled’ nuts. Cashew shells, the
waste from this process, are frequently sold to the local limestone business for biofuel as a
wood replacement. Next, the process continues with cuticle removal to produce ‘shelled’
nuts for further food processing. This process also results in waste (cuticles), which is
used as organic fertilizer on the farm and applied primarily in the rainy season. Finally,
food processing activities are carried out using a range of procedures, including frying and
roasting, as well as packaging, to serve the ready-to-eat nuts to the domestic market. The
vast majority of the cashew nuts are exported in the form of dry-in-shell nuts to neighboring
countries such as India and Vietnam. Gunny sacks (bags made from natural fibers) are
commonly used for packaging. The exporters generally receive consolidated volumes of
cashew products from wholesalers.

4.2. Identification of CE Principles in Cashew Value Chain

Table 3 cross references the value chain activities with the CE principles for the
main cashew value chain actors. The cashew farmers in Indonesia employ traditional
production approaches, based on their experience, resulting in a wide range of circular
value chain activities. Many of the circular activities are primarily performed at the farmer
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and processor echelons. The overall cashew production system demonstrates efficient
resource use with very limited pollution or wastage.

Table 3. Cashew value chain circular practices.

CE Principles Farmers Intermediaries Key Processor Exporter (Raw Material
Exporter)

Eliminate waste and
pollution

- Cashew apples are used for
manure, livestock feed, and/or
consumption

- Grass waste from weeding used
for cattle feed

- Branches from pruning are burnt
for pest and disease control

N/A

- Cuticles used as farm
fertilizer

- Cashew shells used as
biofuel

N/A

Circulate products and
material at the highest

value

- Unstandardized

raw material

Unstandardized
raw material

Value-adding processes for
domestic consumption

(limited national standard)

Export standard products (raw
material)

Regenerate nature

- Use of organic fertilizers
- Minimal use of chemical

fertilizers
- Rejuvenation from current

cashew trees

N/A N/A N/A

Rely on energy from
renewable sources

- Sun exposure reliant at farm
production

- Sun exposure reliant when
drying cashew nuts

- Rainfall water reliant for
watering trees

- Fertilizers sourced from cattle
sewage

- Use of leaves and branches as the
main material for pest and
disease control

Use of sun exposure to
dry cashew nuts

- Sun exposure to dry
cashew nuts

- Woods material
processing tool

- Manual/labor work
- Gunny sack as main

cashew nuts packaging

Gunny sack as main cashew
nuts packaging

Differentiate technical
and biological nutrients

- Minimal technical nutrients
- Regenerative biological nutrients N/A N/A N/A

Note: N/A = No available practice found.

The application of traditional production techniques results in regenerating activities,
a high reliance on renewable energy, and a clear differentiation of technical and biological
nutrients. At the farm level, farmers use almost all natural-based inputs (i.e., rainfall,
manure, pruning, and regenerative seedlings). At the processing stage, the processor uses
sun exposure to dry cashew nuts and a wooden tool to un-shell the cashew nuts. However,
the cashew value chain generates low levels of value addition or capture. The actors add
very limited value throughout the chain, with most of the products exported as a raw
commodity with limited processing, a lack of certification, or branding.

The results of this study suggest that there are several circular activities, underpinned
by CE principles, integrated in the cashew value chain in Indonesia due to the use of
traditional production systems. Cashew farmers and processors are involved in waste
reduction, the use of regenerative principles, renewable resources, and biological nutrients
(Table 4).
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Table 4. Circular practice in Indonesia cashew value chains.

CE Principles Practice Key CE Players

1. Eliminate waste and pollution *** Farmers and processors
2. Circulate products and material

at the highest value * Processors and exporters

3. Regenerate nature *** Farmers
4. Rely on energy from renewable

sources *** Farmers and processors

5. Differentiate technical and
biological nutrients *** Farmers

Note: * Low, ** moderate, and *** high.

4.3. Identification of CE Barriers in Cashew Value Chain

While the current practice in the cashew value chain in Indonesia appears to follow
many circular principles, there are several barriers faced by the value chain actors (Table 5).
The key barriers identified in this study are limited CE and sustainability knowledge, lim-
ited horizontal and vertical integration, and minimal value-adding activities. Meanwhile,
financial constraints are not a concern for the majority of players.

Table 5. CE barriers in Indonesia cashew value chains.

Barriers Barriers
Level Description

Knowledge *** Limited CE and sustainability awareness
Profit orientation *** Minimal value-adding activities

Integrated activities *** Limited vertical and horizontal governance
Technology ** Traditional technology that supports CE practices

Institution *** Limited farmer groups and governmental
incentives

Finance * Minimal CE investment
Note: * Low, ** moderate, and *** high.

Across the value chain—from farmers to exporters—actors generally lack a clear un-
derstanding of the CE and sustainable practices. Most rely on instinct and traditional
cultural methods rather than systematic approaches. Exporters, in particular, engage
in few CE or sustainability initiatives, as their focus is mainly on exporting raw mate-
rials. More than 75% of cashew production is sold as raw material, with minimal pro-
cessing or added value and low profit. According to a key processor, the price of raw
(dried in-shell) cashew ranges from IDR 20,000 to IDR 23,000 per kilogram (approximately
USD 1.20–USD 1.40), while shelled cashew nuts can sell for IDR 100,000 to IDR 150,000
per kilogram (around USD 6.00–USD 8.90). Moreover, the technology used—especially
by farmers and processors—remains largely traditional and based on cultural practices.
However, these low-tech methods result in relatively low financial costs. Additionally,
many cashew farmers in the study area are not affiliated with farmer groups, reflecting
a lack of coordination and integration both horizontally and vertically. Existing farmer
groups mainly serve as channels for government support, such as the distribution of subsi-
dized seeds and fertilizers, and act as intermediaries connecting farmers with extension
workers—primarily to support the production of other crops like corn and rice.

5. Discussion
A key challenge facing developing countries is how they transition their agri-food

value chains into a more circular fashion. This involves using fewer resources, reusing
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products, and recycling waste throughout the chain. While some studies have extensively
discussed these issues, this study contributes by providing empirical evidence on current
circular practice within the context of developing countries.

The cashew value chain players in Indonesia have limited knowledge of the impor-
tance of circular practice. The smallholders use traditional production approaches, which
are advantageous in terms of alignment with circular principles, and they use or sell
by-products and waste. However, they undertake this due to limited financial resources
rather than specifically and intentionally avoiding the use of chemical fertilizers. Therefore,
greater awareness is required in the future to intentionally maintain these circular practices.
Governmental support, efficient value chain coordination, and training can enhance the
adoption of circular activities [1,74].

Prior research suggests that moving towards circular food systems is costly [12], while
this study demonstrates how traditional agriculture, still practiced in many developing
countries, already includes many circular activities. However, the ability to create economic
value in the cashew value chain is challenging. Most of the product is sold as a commodity
(raw cashew nuts), with little value attributed to the circular practices used by smallholders.
Furthermore, cashew producers receive minimal economic benefit from selling their by-
products or waste, such as cashew apples or shells. Currently, the use of cashew shells
is being explored as a substitute non-renewable sources for other industries [20]. Bastos
and Tubino [75] discovered that cashew nuts shell liquid (CNSL) could provide a low-cost
material for producing biodiesel, which is very advantageous due to its vegetal origin
nature with minimal environmental impact. Brazil has developed successful valorization
pathways for cashew apples, where they are not only processed into various food and
beverage products at an industrial scale but also further valorized through the use of
secondary by-products (cashew bagasse/pomace) [76]. With a reorganized mechanism in
production and consumption processes, circular models have the potential to provide new
sources of value [5].

There is currently a lack of integration between the farm-based cashew circular ac-
tivities and downstream value chain actors in Indonesia. This situation is frequently
observed in developing countries, where systemic integration in value chain practice re-
mains limited [47,48]. However„ a key characteristic of industrial symbiosis in practice [19]
is collaborative circular transformation. This lack of cooperation to develop circular value
chains may be caused by cultural barriers in terms of attitudes and mindsets [1] and insti-
tutional practices that hamper the effectiveness of current value chain practices. The main
reason is typically a lack of linkage between institutions, industry, and governments [60].
Ineffective institutional policies and a lack of legal regulations regarding waste collection
and treatment often impede the transition from linear to circular value chains [4].

Limited technology adoption is apparent in the cashew value chain in Indonesia.
Manual labor is mainly used on farms and in the processing stages. It is doubtful that the
application of sophisticated technology would improve the circularity of the value chain.
Technology application (i.e., machine use) often results in more waste and pollution [3],
as it is often reliant on non-renewable resources and the use of technical nutrients. As
a result, these efforts have the potential to degrade current circular practices, which are
well-established under the current traditional system.

Regarding institutions, the Indonesian government provides limited CE regulation
and standards and instead focuses primarily on economic profit enhancement for farmers.
Governments are powerful and effective stakeholders when it comes to resolving conflicts
of interest and encouraging resource circularity [19]. Therefore, despite limited institutional
support, an effective and coordinated network between central, local, and extension work-

https://doi.org/10.3390/su18020708

https://doi.org/10.3390/su18020708


Sustainability 2026, 18, 708 13 of 18

ers has the capacity to connect with the cashew value chain actors and promote circular
principles and the development of circular value chains.

Lastly, as mentioned earlier by Miranda et al. [12], moving towards circular food
systems is often costly. However, this study suggests the opposite. The ability of the cashew
value chain players to resolve their challenges locally while uncovering potential within
their surroundings is crucial to minimizing financial investment. Smallholder farmers seize
beneficial opportunities from local resources that are often considered waste, such as using
livestock waste for manure, utilizing weed grass as livestock feed, and using pruned tree
branches for smoking the trees (as a bio-pesticide). In the meantime, the cashew value chain
not only address waste management but also presents an avenue for additional revenue,
such as processors who sell cashew shells to factories for biofuel. In comparison, Vietnam
and India have developed some valorization pathways for cashew shells, where they are
processed into cashew nut shells liquid (CNSL) and used for industrial applications [77].

The aforementioned points further indicate that the primary challenge in enhancing
circular practices in developing countries is to circulate products and materials at their
highest value. In addition to this, financial barriers could be addressed by incorporat-
ing two additional elements: preserving beneficial cultural practice and engaging local
business with a mutualism partnership to minimize financial investments, as depicted in
Figure 3 below.

Figure 3. Improved framework for circular agri-food value chain transition in developing countries.

The development of circular practices should emphasize the preservation of beneficial
cultural practices. Traditional systems in developing countries demonstrate the value and
uniqueness of their traditional practices, which is surprising. As suggested by Hidayati
et al. [27], it is important to preserve these culturally traditional and sustainable farm
practices. Next, symbiotic mutualism from local business also emerges as a pivotal aspect
of circularity, facilitating reduced financial requirements. Many emerging and developing
countries are transforming their traditional agriculture practices towards supplying modern
markets, following these industrialization processes [78]. However, local business/regional
business could support the closed-loop circular economy within the regional boundary.
Thus, finance should not necessarily be considered as a significant barrier to apply circular
practices in agri-food value chains for developing countries.

6. Conclusions
The study provides novel empirical insights into the circularity in agri-food value

chains in developing countries and Indonesia in particular. The findings highlight how
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traditional production systems incorporate a wide range of core circular principles that need
to be preserved and potentially leveraged. Exporters in Indonesia and other developing
countries have limited power to escape the raw commodity trap. Support mechanisms are
required to increase the economic value of food exports by further processing and adding
value to access higher-value international markets.

The theoretical contribution of this study lies in highlighting the importance of ad-
dressing key barriers specific to developing country contexts in order to advance value
chains toward a CE system, where financial constraints are not always the primary limiting
factor. This study identifies five critical barriers that require attention: limited CE and
sustainability awareness, minimal value-adding activities, weak integration across value
chain functions, insufficient institutional support for CE implementation, and technological
solutions. The findings emphasize that technological interventions do not necessarily
need to be sophisticated; rather, they must be locally adapted and aligned with existing
preservation and production systems. The framework developed in this study can guide
policymakers, practitioners, and value chain actors in developing countries in designing
scalable and transferable strategies that address these barriers and strengthen sustainability,
competitiveness, and resilience across diverse agro-industrial value chain settings.

Practically, a key general recommendation emerging from this is the need for collabora-
tion and coordination between relevant actors (public and private), which are essential for a
system change such as a CE transition. Value chain actors have to coordinate the sourcing of
sustainable inputs as well as the collection, repair, reuse, and recycle of end-of-life materials.
The activities within the chain need to prioritize waste valorization pathways; strengthen
farmer–processor partnerships; develop business models that increase profitability from
by-products; reinforce institutional coordination between local governments and private
actors; and invest in appropriate processing technologies that enable full resource recovery.
In addition to this, value chain governance is essential to coordinate the transition to a
CE via the provision of incentives, especially for smallholder farmers, and value-adding
activities and increasing institution support, by forming farmer groups, and the creation of
broader networks to encourage new entrants to participate. To be noted, establishing circu-
lar value chain practices should also entail preserving sustainable practices and leveraging
closed-loop activities.

The qualitative methodology used in this study limits transferability, especially given
the narrow focus on the Indonesian cashew sector. However, the study does provide
exploratory insights into this very complex phenomenon, leaving scope for further research
to test the findings in different settings—agri-food sectors and countries. The traditional
practices used in other developing countries will more than likely also be well-aligned with
circular principles. How we nurture the sustainability of these value chains as they develop
is a critical research question requiring further investigation.
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