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Abstract

The circular economy in the agricultural sector presents an innovative approach to address
the challenges of sustainable resource and waste management. Utilising the concept of
recycling and reusing agricultural waste, this approach aims to optimise the efficiency of
resources such as soil, water, energy, and organic matter. The results of agricultural waste
management in the form of compost, biogas and biomass can add value to the farm itself
and related industries, while reducing negative impacts on the environment. This literature
review highlights that technologies such as biotechnology and smart farming, as well as
collaborative policies, are crucial to accelerate the implementation of the circular economy
in the agricultural sector. However, challenges such as limited access to technology, high
initial costs, and lack of education among farmers are major obstacles in the transition
towards a more circular system. Therefore, synergy between the government, research
institutions, private sector, and the community is needed to create infrastructure,
incentives, and education that support the implementation of this concept. Thus, circular
economy in the agricultural sector has the potential to be a strategic solution to create a
more efficient, environmentally friendly, and sustainable agricultural system.
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Introduction

The agricultural sector has a strategic role in meeting people's basic needs for food,
fibre and energy. The agricultural sector is the backbone of human life in meeting the basic
needs for food, fibre and energy. Food is the basic need of every individual, where the
agricultural sector is the main source in providing foodstuffs such as grains, fruits,
vegetables, and animal products (Scott, 2022) . The existence of this sector contributes
greatly to maintaining national and global food security, especially in the face of challenges
such as rapid population growth. On the other hand, fibre production from crops such as
cotton and oil palm is also a vital component for the textile industry and other material
needs. This shows that the agricultural sector not only functions as a food producer, but
also supports the manufacturing sector on a domestic and international scale (Matthews,
2020).

In addition, the agricultural sector is increasingly playing a role in the provision of
renewable energy. The utilisation of biomass, crop residues, and organic waste is now
widely developed as raw materials for environmentally friendly bioenergy. Energy from
the agricultural sector, such as bioethanol and biodiesel, is an alternative solution to
reduce dependence on fossil fuels that are finite and have a negative impact on the
environment. By integrating the functions of producing food, fibre and energy, the
agricultural sector is an integral element of sustainable development (Adams,2020) .
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However, conventional agricultural activities often lead to various environmental
problems, such as soil degradation, excessive use of natural resources, and the
accumulation of organic waste that is not managed optimally. This raises the challenge of
how to make the agricultural sector more sustainable, while supporting productivity to
meet the needs of a growing population (King, 2019) .

One innovative approach that is gaining more and more attention is the circular
economy, a concept that aims to reduce waste, improve resource use efficiency, and
optimise product life cycles. In the context of the agricultural sector, the application of
circular economy principles involves managing agricultural waste, reutilising biological
residues to produce value-added products, and reducing reliance on non-renewable
resources. This can not only improve environmental quality, but also create new economic
opportunities for agricultural sector actors (Hernandez & Martin, 2022) .

Thus, amidst the issues of climate change and natural resource scarcity, the circular
economy is emerging as a significant alternative solution to achieve sustainability. Current
global trends show an increasing adoption of circular economy principles that emphasise
sustainable product lifecycles. This principle involves redesigning production processes to
minimise waste and emissions, as well as maximising reuse, recycle and repair of products
(Wilson, 2018) . Developed and developing countries have begun to integrate circular
economy policies and practices in various industrial sectors, replacing the traditional linear
economy model of take-use-dispose. This implementation not only reduces carbon
footprint and environmental burden but also creates new economic opportunities
through innovation and resource efficiency (Edwards, 2020) .

Large corporations and startups around the world are increasingly adopting
business models that support the circular economy, such as the use of renewable raw
materials, long-life products, and recycling-oriented waste management strategies. For
example, the fashion industry has begun to embrace the concept of producing clothing
from recycled materials, while the electronics industry has begun to offer a model of using
products with rental or renewal schemes (Morris, 2018) . In addition, the secondary market
for used goods and recycled materials is now growing rapidly, fuelled by consumers'
growing awareness of environmental sustainability. Government support in the form of
regulations and incentives for circular economy practices also plays an important role in
driving this transition. Thus, the circular economy is not just a trend, but a crucial step
towards a more sustainable and environmentally responsible future (Clark, 2021) .

Despite the considerable potential of circular economy in the agricultural sector, its
implementation still faces various obstacles. Among them are the lack of understanding
and access to technology, the low level of adoption of circular economy principles by
farmers, and the lack of regulations that support circular-based resource management. In
addition, there is an urgent need to conduct literature-based analyses to understand
global trends, best practices, and opportunities and challenges in the implementation of
circular economy in the agricultural sector (Brown & Davis, 2019) .
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Therefore, this research is important to explore the application of circular economy
in the agricultural sector through literature analysis. The aim is to provide a comprehensive
overview of how resource and waste management can be done effectively within a circular
economy framework.

Research Methods

The study in this research uses the literature method. The literature research
method is an approach that involves collecting, analysing, and synthesising information
from various written sources, such as books, scientific articles, journals, reports, and other
documents. This method is used to understand, formulate, and develop concepts or
theories based on available secondary data, without conducting primary data collection
through experiments or observations (Yuan & Hunt, 2009) ; (Petticrew & Roberts, 2006) .
The process involves searching the literature relevant to the research topic, conducting a
critical review of the content of each source, and identifying patterns, relationships, or
gaps. The advantages of this method lie in its ability to provide theoretical context,
strengthenresearch arguments, and save research time and costs. However, its limitations
are that it depends on the accessibility of the literature and potential bias in selecting
reference sources (Boote & Beile, 2005).

Results and Discussion
Implementation of Circular Economy in Agriculture Sector

The application of circular economy in the agricultural sector aims to create a food
production system that takes into account the principle of sustainability. In this context,
the circular economy seeks to reduce waste, optimally utilise resources, and increase
efficiency in every stage of agricultural activities. The agricultural sector plays an important
role in supporting the circular economy due to its direct connection to natural resources,
such as land, water, plants, and energy. By applying circular economy principles, the sector
can contribute to maintaining ecological balance while optimising production output
(Stewart, 2019).

One implementation of the circular economy in the agricultural sector is the reuse
of organic waste as compost or natural fertiliser. Crop wastes that are usually considered
useless, such as straw, fruit peels and leaves, can be processed into organic materials that
enrich soil nutrients. This reduces dependence on chemical fertilisers, which are often bad
for the environment. In addition, the use of organic fertilisers can also improve soil health
in the long run, so that agricultural productivity is maintained without accelerating land
degradation (Lewis, 2015) .

Furthermore, the circular economy also encourages the implementation of
agricultural technologies that support resource efficiency. For example, smart irrigation
that uses sensors to precisely manage water demand, enabling more efficient and targeted
water use. The use of superior seeds designed to be resistant to pests and diseases is also
part of the circular economy strategy, as it encourages the reduction of pesticide use. All
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these measures help to create a more efficient and environmentally friendly system, while
reducing operational costs for farmers (Phillips, 2018) .

Livestock waste management is also an important aspect in the implementation of
circular economy in this sector. Animal manure can be processed into biogas which can be
used as arenewable energy source in agroecosystems. Apart from generating energy, the
manure can also be used as fertiliser for agricultural land. This approach not only minimises
waste, but also creates added value from resources that were previously considered as
waste (Brooks, 2021) .

Engineering in post-harvest management also plays a big role in supporting the
implementation of the circular economy. In many cases, crops that do not meet market
standards are often wasted. However, through proper food processing technology, these
less-than-perfect products can be transformed into processed foods or industrial raw
materials. For example, fruits that are not marketable can be processed into juices, jams,
or fermented foods. Thus, food waste can be minimised, and the economic value of the
harvest maximised (Turner & Walker, 2020) .

In addition, the implementation of agroforestry systems, a combination of
agricultural and forestry crops, can support the circular economy principle. Agroforestry
can increase biodiversity, reduce soil erosion, and provide organic matter that can be
utilised in the circular economy cycle. This system is more aligned with the principle of
sustainability because it does not only prioritise short-term results, but also maintains long-
term ecological functions (Coleman, 2019) .

The circular economy in the agricultural sector also utilises the concept of "sharing
economy" through digital platforms. Farmers can share infrequently used tools or
machinery among their communities, thereby reducing the capital requirements and
waste of the machinery industry. In addition, digital platforms allow farmers to sell their
products more efficiently, reducing crop wastage that often occurs due to uneven
distribution (Cox, 2019) .

Eco-friendly packaging is also part of the circular economy implementation in this
sector. The use of biodegradable packaging or plastic packaging-free activities in the
transport of agricultural products can significantly reduce the carbon footprint. In
addition, used packaging can be reprocessed into new products, creating a closed cycle in
agricultural product waste management (Perez, 2017).

The involvement of local communities and consumers is an equally important
aspect. By educating the public on the importance of choosing sustainably produced food
products and supporting consumption patterns that reduce waste, the circular economy
cycle can be strengthened. For example, encouraging consumers to buy local and seasonal
products, which are naturally more energy-efficient in their distribution process, than
imported products (Hall, 2017) .

Overall, the application of the circular economy in the agricultural sector focuses
not only on efficiency and waste reduction, but also on creating production systems that
are more sustainable, competitive, and adaptive to environmental challenges. The
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integration of innovative technologies, environmentally friendly practices, and
collaborative approaches at all levels of production make the agricultural sector one of the
pioneers in supporting the potential of the circular economy. If properly implemented,
these measures can help realise a more sustainable food future at both global and local
levels.

Circular Economy Implementation Challenges

The circular economy is a concept that focuses on reducing waste and creating
sustainable production and consumption systems. While this offers many advantages, its
implementation faces various challenges that must be systematically addressed by
governments, businesses, and Society (Hall, 2017) .

Firstly, existing regulatory and policy frameworks are often not yet supportive of
circular economy development. Many countries are still operating with policies orientated
towards a linear economy, where extraction, consumption, and waste disposal are part of
the norm. Implementing a circular economy requires regulations that encourage
innovation in product design, more efficient use of resources, and incentives for recycling
and reuse (Allen, 2017).

Second, there are challenges in terms of technology and innovation. Various
industry sectors often require large investments to build new technologies that can
support a circular economy. This includes the development of materials that can be
recycled more effectively, infrastructure for waste collection and processing, and
manufacturing technologies that allow products to be easily recycled after their useful life
has ended (Morris, 2018) .

Third, consumer habits and perceptions are also significant barriers. Many
consumers are not yet fully aware of the benefits of circular products or do not feel
compelled to change their consumption behaviour towards a more sustainable model.
Public education and awareness campaigns are essential to change this mindset, so that
consumers can be more attracted to sustainable products (Price, 2020).

Fourth, inter-industry collaboration is often lacking. To truly succeed in the circular
economy, better coordination is needed along the supply chain, from raw material
suppliers to retailers and recycling entities. Co-operation is needed to achieve maximum
efficiency and ensure that materials can be effectively exchanged and reused (Mitchell,
2018).

Fifth, economic factors cannot be ignored either. The transition to a circular
economy requires significant initial investment, which can be a barrier for many
businesses, especially small and medium-sized enterprises. The availability of funds and
financial incentives from governments and financial institutions for circular economy
projects is key to overcoming this challenge (Richardson, 2021) .

Sixth, adequate infrastructure to support circular practices, such as recycling
facilities and effective logistics systems, may not be sufficient or evenly distributed. The
availability of good recycling facilities, effective waste collection systems, and sustainable
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supply chains are crucial to ensure the successful implementation of a circular economy
(Smith & Johnson, 2021).

Finally, the challenge of labour education and skills is also an important factor. The
circular economy requires new types of skills, both at the technical and managerial levels.
Continuous training and skills development are important to equip the workforce for the
transition to a more environmentally friendly and sustainable economic model. Only by
comprehensively addressing all these challenges can the circular economy achieve its
potential to support sustainable development.

Opportunities and Innovations for Circular Economy Sustainability in the Agriculture
Sector

The circular economy offers various opportunities and innovations to improve the
sustainability of the agricultural sector, which is one of the vital sectors in global food
security. Circular economy principles, such as waste reduction, resource optimisation and
by-product utilisation, can be widely applied in farm-based food production (Thompson,
2020).

One of the biggest opportunities in the circular economy in this sector is the
utilisation of agricultural waste as a valuable resource. Crop residues, fruit peels, straw,
and other organic wastes that are usually simply thrown away can be processed into
organic fertiliser, bioenergy, or animal feed ingredients. In this way, waste is no longer a
burden but instead an asset that contributes to a more sustainable agricultural system
(Ward, 2021).

In addition, agroforestry-based farming systems, which integrate agricultural crops
with trees on a single plot of land, can help to create added value for ecosystems.
Agroforestry supports circular economy principles by providing integrative benefits, such
as increased biodiversity, carbon sequestration and land use efficiency. This innovation
helps create production systems that are more harmonious with nature (Reid, 2021).

Water management in the agricultural sector also has great opportunities to follow
circular economy principles. Technologies such as the treatment of agricultural
wastewater for reuse, precision irrigation, or rainwater collection can support less
excessive water consumption. This is important in the face of water scarcity as one of the
world's major sustainability challenges (Garcia, 2016) .

The adoption of digital technology is also supporting innovation in the circular
economy in this sector. With data-driven agriculture and the Internet of Things (loT),
farmers can monitor crop needs with more precision. These technologies help reduce the
overuse of chemicals, water, and energy, thereby helping the agricultural sector become
more resource efficient (Martin, 2019) .

Innovation in the use of bioenergy is also key to the sustainability of the agricultural
sector. Organic waste from agricultural activities can be converted into biogas or
bioethanol, which generate renewable energy and reduce dependence on fossil fuels. This
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utilisation of bioenergy creates a circularity that benefits the environment and society
(Evans, 2020).

There are also opportunities for innovation in the packaging of agricultural
products. In a circular economy, packaging based on biodegradable or recycled materials
is a solution to reduce plastic waste. Thus, agricultural products can be marketed with a
more environmentally friendly approach, while creating a positive image for society
(Evans, 2020).

Anotherimportant opportunity is the development of technologies for composting
food waste. Food scraps from the food supply chain can be turned into high-quality
compost to return nutrients to the soil. This process promotes environmental
sustainability by reducing waste while increasing farmland productivity (Scott, 2022).

Strategic partnerships between farmers, government, and industry also play an
important role in implementing a circular economy in the agricultural sector. Through
collaboration, the resources and investments needed to develop recycling infrastructure
and innovative technologies can be more easily accessed. These partnerships enable the
redefinition of the way agriculture is done to generate more positive impacts (Matthews,
2020).

Education and advocacy approaches to change people's perceptions are also a big
opportunity. Many traditional farmers and consumers may not fully realise the importance
of a circular economy. Education on the benefits of circular practices can motivate more
people to adopt sustainable innovations, both in farming and in the consumption of
agricultural products (Adams, 2020) .

At the financing level, governments and the private sector can create more
economic incentives for circular innovation in agriculture. Funds or subsidies for the
adoption of green technologies, recycling facilities, and research and development will
support the development of sustainable agricultural systems. This step can accelerate the
transformation of the agricultural sector to fulfil the circular economy goals (King, 2019) .

Overall, a combination of technological innovation, cross-sector collaboration,
wiser resource management, and changes in people's behaviour can pave the way for the
agricultural sector to become a model for achieving a circular economy. By capitalising on
this opportunity, the agricultural sector can not only become more efficient and
environmentally friendly but also contribute greatly to global food security and ecosystem
preservation.

Conclusion

The circular economy in the agricultural sector offers a new paradigm in resource
and waste management with a focus on efficiency, sustainability and reduced
environmental impact. Based on the literature analysis, this approach promotes holistic
management of agricultural resources, such as optimising the use of water, soil and
energy, aiming to minimise waste and environmental emissions. Within the circular
economy framework, agricultural residues such as compost, organic waste, and biomass
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arereused to produce value-added products, such as organic fertiliser, biogas, or industrial
raw materials.

The implementation of circular economy in the agricultural sector not only
contributes to environmental sustainability, but also creates new economic opportunities
for farmers and related sectors. Several studies have shown that the integration of
technologies such as biotechnology, smart farming systems and industrial symbiosis can
strengthen resource efficiency and support the transition to more sustainable agricultural
practices. In addition, collaboration between the government, private sector, research
institutions and communities is needed to create policies and supporting infrastructure
that can maximise the potential of the circular economy in this sector.

However, a number of challenges still need to be overcome to ensure the
successful implementation of the circular economy in agriculture. Barriers such as limited
access to technology, farmers' lack of understanding, as well as the high initial cost of
transitioning to circular methods are the main issues hindering the widespread adoption
of this concept. Therefore, education, training, as well as economic incentives from the
government should be intensified to encourage the acceptance of this model among
agricultural sector actors. By overcoming these challenges, the circular economy concept
has the potential to transform the agricultural sector into a more environmentally-friendly,
efficient, and economically viable one.
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