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Chapter 5: Megatrends, Concepts and factors of Circular Agriculture

This chapter provides an in-depth analysis of the driving forces and foundational
principles of CA. It explores global megatrends such as sustainability, population growth, and
technological advancements, elucidating how these trends shape the evolution of agricultural
practices. By examining core concepts like closed-loop systems and resource efficiency,
learners gain insights into the fundamental principles guiding CA practices. Additionally, the
chapter explores the diverse factors influencing the adoption of CA, offering a comprehensive
understanding of its potential and challenges in shaping a more sustainable future for
agriculture.

5.1 Megatrends of Circular Agriculture

Agro-Industry and Circular Agriculture: A Case Study on Biomass Valorization

This section explores the significant global megatrends shaping the evolution of Circular
Agriculture (CA). These megatrends include sustainability, population growth, resource
scarcity, and technological advancements. Understanding these trends is crucial for
comprehending the broader context in which CA operates and its potential for fostering a
sustainable agricultural future.

Sustainability
Sustainability has become a central focus due to growing concerns about environmental

degradation and climate change. Circular Agriculture aligns with this megatrend by promoting
practices that reduce resource depletion, greenhouse gas emissions, and waste generation. Key
aspects of sustainability in CA include:

* Environmental Impact: CA practices, such as closed-loop systems and biomimicry, aim to
minimize environmental impact by recycling nutrients and reducing reliance on external inputs.
* Climate Change Mitigation: CA contributes to carbon sequestration, capturing carbon
dioxide from the atmosphere and storing it in the soil, which helps mitigate climate change.

* Resource Efficiency: CA emphasizes the efficient use of resources, including water and
nutrients, aligning with sustainability goals by reducing waste and optimizing input usage.

Population Growth

The global population is projected to reach 9.7 billion by 2050, increasing the demand
for food production. CA offers sustainable solutions to enhance food production while
minimizing environmental impacts. Important considerations related to population growth
include:

* Food Security: CA practices can improve crop yields and resilience, contributing to food
security in the face of a growing population.

* Urbanization: The shift of populations to urban areas places additional pressure on
agricultural systems to produce more food with fewer resources, making CA an attractive
approach.
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* Intensification of Agriculture: CA promotes sustainable intensification, which aims to
increase productivity on existing agricultural land while preserving natural resources.

Resource Scarcity
The depletion of natural resources such as water and arable land poses significant

challenges to agriculture. CA aims to optimize resource use and promote sustainable practices
to mitigate the effects of resource scarcity. Key points include:

+ Water Management: CA techniques like no-till farming and cover cropping improve soil
structure and water infiltration, enhancing water use efficiency.

* Soil Health: Maintaining and improving soil health is crucial in CA. Practices like crop
rotation and organic amendments help preserve soil fertility and structure.

* Land Use: CA encourages the efficient use of arable land, reducing the need for
deforestation and the conversion of natural ecosystems into agricultural areas.

Technological Advancements

Technological innovations play a crucial role in driving advancements in agriculture. CA
leverages technologies such as precision farming, the Internet of Things (IoT), and
biotechnology to enhance efficiency and sustainability. Key technological advancements
include:
» Precision Farming: The use of GPS and sensors allows for precise application of inputs like
water, fertilizers, and pesticides, reducing waste and enhancing efficiency.
* IoT in Agriculture: IoT devices can monitor soil moisture, weather conditions, and crop
health in real-time, providing data that helps farmers make informed decisions.
* Biotechnology: Advances in biotechnology, such as genetically modified crops and
microbial inoculants, can improve crop resilience and yield while reducing the need for

chemical inputs.

* Automation and Robotics: The development of automated machinery and robotic systems
can increase the efficiency and precision of agricultural operations, further supporting the
principles of CA.

Understanding these megatrends is essential for grasping the broader context in which
Circular Agriculture operates. Sustainability, population growth, resource scarcity, and
technological advancements are driving forces that shape the evolution of agricultural
practices. By aligning with these trends, CA has the potential to address the challenges and
opportunities of modern agriculture, contributing to a more sustainable and resilient
agricultural future.

Takeways
1. Embrace Sustainability: Circular Agriculture (CA) aligns with global sustainability goals

by promoting practices that reduce waste, conserve resources, and mitigate environmental
impacts.

2. Address Population Growth: CA offers sustainable solutions to enhance food production
while minimizing the ecological footprint, crucial for feeding a growing global population.
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3. Optimize Resource Use: Efficient management of water, nutrients, and land is at the core
of CA, contributing to resilience against resource scarcity and climate change.

4. Leverage Technology: Integration of precision farming, [oT, and biotechnology enhances
productivity and sustainability in CA practices.

Ideas to consider

1. Local Adaptation: Explore how CA principles can be adapted to local environmental
conditions and agricultural practices.

2. Policy Support: Consider the role of government policies in incentivizing and promoting
CA adoption among farmers.

3. Educational Outreach: Develop educational programs to raise awareness and train farmers
in CA techniques and benefits.

4. Research and Innovation: Support research initiatives focused on improving CA practices
and technologies.

5.2 Concepts of Circular Agriculture

The idea of Circular Agriculture (CA) is based on the circular economy, in which
decisions about how to produce and utilize products include reusing and recycling materials as
an essential component rather than just as an additional step to close cycles. Its focus is
minimizing external inputs, such as using wastewater for irrigation and manure as an organic
fertilizer. Agroforestry, organic farming, mixed crop-livestock production, and other related
activities are sometimes linked to CA (OECD, 2023). The main concepts regarding CA
mentioned below are closed-loop systems, resource efficiency, biomimicry, and product-
service systems.

5.2.1 Closed-loop systems

In contradiction with the linear economy where waste disposal is the last phase and this
frequently means that goods are burned, dumped in landfills, or left to pollute the environment,
the "reduce-reuse-recycle" concept is used in the circular economy. As shown in Figure 4, by
designing closed-loop systems, where trash is recycled or repurposed, it seeks to maximize
resource utilization and minimize waste (Sreekumar et al., 2024). Under the same notion, CA
is differentiated from the linear form of conventional agriculture, which results in hazardous
waste outflows and deteriorated soil quality inside the farm system, applies a heavy dose of
pesticides and fertilizers (OECD, 2023).

Closed-loop systems have become a focus for agricultural innovation in recent times.
The concept of reducing, reusing, and recirculating is at the core of a closed-loop system.
Regarding CA, the main goal of a closed-loop system is to minimize the inputs needed
throughout a growing cycle in all aspects, including water, nutrients, and soil, among others.
Due to their ability to conserve resources, closed-loop systems within greenhouse infrastructure
show promise in advancing the food and agriculture industry (Ragany et al., 2023).
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Recycling/Reuse

Figure 4. Circular model of economy creating a closed — loop (Sreekumar et al., 2024).

An example of a closed-loop water reuse agriculture system is presented in Figure 5. In
this example, future farms in remote areas can be operated in a way that minimizes water
demand and reduces waste generation by integrating biochar into existing units and processes.
This will follow a properly designed circular material (and energy) flow and has great potential
to create additional economic and environmental profits (Li et al., 2020).

Ly Land application as a soil amendment / clean fuel
-I 1 \- }
: m Water reuse for irrigation
L2 wgils Q =l
Forest Cropland Livestock Farmhouse !

Tia

Solid residues/wastes

Pyrolysis | Biochar | Biochar-based wastewater treatment

Figure 5. A closed-loop, water-reuse agricultural system using biochar (Li et al., 2020).

5.2.2 Resource Efficiency

Optimizing the life cycle of resources is the main goal of circular economies. This may
entail creating items that are durable, recyclable, and reusable to lessen the need to extract
resources. It is unsustainable to assume an infinite supply of resources in the linear model of
consumption. In order to conserve these limited resources, a circular economy encourages
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resource efficiency, reduces waste, and aims to prolong the useful life of materials (Sreekumar
et al., 2024).

In CA some practices are incorporated that ensure resource efficiency. Organic farming
is one of the practices that contributes to resource efficiency as it is considered as the most
cost-efficient way to cope with climate change (Akter et al., 2023). Furthermore, CA along
with precision farming and suitable crop management tools, may also promote the efficiency
of resources (Tagarakis et al., 2021). Livestock manure and agricultural straw waste are
examples of wasted resources. The environment is under a great deal of strain as a result of
planting and breeding being done separately. In order to increase resource efficiency, there is
a growing need for a system that can combine crop and livestock farming (Yang et al., 2022).

Crop
ﬁ production \’

Circular
Production
System

Animal
waste

Energy
production

Figure 6. A circular production system of where crop and livestock farming are combined
(Tagarakis et al., 2021).

5.2.3 Biomimicry

The English term biomimicry is derived from the two Greek words 'Biog' (life) and
"wpéopan’ (imitation), in fact meaning “life imitation” and refers to the creation of more
sustainable designs, by studying and imitating natural ecosystems and their functions in a
creative way (Eid & Al-Abdallah, 2024). This definition of biomimicry includes both the
imitation of natural processes and structures as well as the search for inspiration in nature to
create engineering solutions to problems that humanity is facing (Burgess et al., 2018).
Biomimicry brings together different fields of study having an interdisciplinary approach,
involving applied sciences (agriculture, engineering, architecture etc.), natural sciences
(biology, chemistry, earth sciences, etc.), social science (economics, etc.), and humanities
(philosophy, etc.) (Dicks, 2016; Gejdos et al., 2018).

In CA, biomimicry is applied to produce food in a sustainable way learning from nature.
Any ecosystem, like a prairie has a resilient, effective, self-sustaining production system. The
short-term benefits of modern agricultural practices such as irrigation, fertilizer, and pesticide
applications are outweighed by the fact that food crops are currently using up increasingly
limited water and soil resources. Using natural grasslands as a model, some researchers have
successfully revolutionized the conceptual underpinnings of contemporary agriculture
(Othmani et al., 2021). An example of biomimicry in agricultural production that faces the
shortage of fresh water was inspired by Namibian fog-basking beetle. A greenhouse that
included a saltwater-cooled system, concentrated solar power and technologies for desert
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vegetation, aiming to provide fresh water for agriculture was designed emulating this beetle
(Othmani et al., 2022).

Figure 7. Illustration of Namib Beetle harvesting water vapor (Othmani et al., 2021).

5.2.4 Product Service Systems

A business model known as Product-Service Systems (PSS) is regarded as a strategy of
circular economy and combines goods and services created to satisfy customers in an
environmentally friendly manner while minimizing resource usage and negative effects on the
environment (Kolling et al., 2022). PSS as a business model, could be categorised in (a)
product-oriented PSS, (b) use-oriented PSS, and (¢) result oriented, with each one of the above
categories representing a distinct set of strategies that companies could use (Annarelli et al.,
2016). In recent years, eco-designs and sustainable production and consumption methods have
become essential. Businesses adopting PSS, can increase sustainability by shifting from goods
to services and focusing on mitigating environmental impact through efficient services or
product consumption (Nasiri et al., 2018).

As shown in Figure 8, in the agri-food sector PSS alongside with Second Raw Materials
(SRM) can play a distinct role in value optimization from the scope of production. On the other
hand, there is the scenario from consumption’s point of view, the Consumption Model (CM).
As the triple bottom line approach explains below, adopting the circular economy’s guiding
principles and components can aid in analysing how value is created and optimized in relation
to the economic, social, and environmental aspect (Poponi et al., 2023).
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Figure 8. Value optimization conceptual model for Circular Agriculture (Poponi et al., 2023).

Takeaways

1. Closed-Loop Systems

» CA uses the "reduce-reuse-recycle" concept to maximize resource utilization and minimize
waste.

* Closed-loop systems aim to minimize inputs needed throughout a growing cycle in all aspects,
including water, nutrients, and soil.

» Examples include a water reuse agriculture system using biochar, which can minimize water
demand and waste generation.

2. Resource Efficiency

* CA aims to optimize the life cycle of resources, creating durable, recyclable, and reusable
items.

* Practices such as organic farming and precision farming can contribute to resource efficiency.
* Livestock manure and agricultural straw waste are examples of wasted resources.

» A growing need for a system that can combine crop and livestock farming could increase
resource efficiency.

3. Biomimicry

» Biomimicry is the creation of more sustainable designs by studying and imitating natural
ecosystems.

* In CA, biomimicry is applied to produce food in a sustainable way, learning from nature.

* Biomimicry can revolutionize the conceptual underpinnings of contemporary agriculture by
using natural grasslands as a model.
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4. Product-Service Systems

* Businesses adopting PSS can increase sustainability by shifting from goods to services and
focusing on mitigating environmental impact through efficient services or product
consumption.

* PSS can play a distinct role in value optimization from the scope of production.

5.3 Factors of Circular Agriculture

5.3.1 Intergrated Farming systems

Climate change is emerging as a major threat to farming, food security and the
livelihoods of millions of people across the world. Agriculture is strongly affected by climate
change due to increasing temperatures, water shortage, heavy rainfall and variations in the
frequency and intensity of excessive climatic events such as floods and droughts. Farmers need
to adapt to climate change by developing advanced and sophisticated farming systems instead
of simply farming at lower intensity and occupying more land. Integrated agricultural systems
constitute a promising solution, as they can lower reliance on external inputs, enhance nutrient
cycling and increase natural resource use efficiency (Kakamoukas, 2021). In this context, the
concept of Integrated farming systems (IFS) represent a holistic approach to agricultural
production that emphasizes resource optimization and minimal waste generation. This strategy
achieves synergy by incorporating various components within a single farming operation.
These components can encompass crop production, livestock rearing, agroforestry (integration
of trees and shrubs with crops), and aquaculture (fish farming).

Examples of IFS:
Crop-Livestock Integration: Manure from livestock can be composted and used as a natural
fertilizer for crops. Crop residues can be used as feed for animals, reducing reliance on external
feed sources (Martin, 2016).
Aquaponics: This innovative technique combines aquaculture (fish farming) with hydroponics
(soilless plant cultivation) in a closed-loop system. Fish waste provides natural nutrients for
plants grown in water-based mediums. The plants filter the water, removing harmful ammonia
and returning clean water to the fish. This reduces water usage and eliminates the need for
chemical fertilizers, promoting a sustainable and efficient food production system (Goddek,
2019).
Aquaculture-Agriculture Integration (excluding Aquaponics): Fishpond effluent, rich in
nutrients, can be used to irrigate crops. In turn, aquatic plants grown in the fishpond can provide
additional food for fish or livestock (Mugwanya and etc., 2023).
Agroforestry: Nitrogen-fixing trees planted alongside crops can enrich the soil, while also
providing shade and wind protection. Fruits or nuts from the trees can generate additional
income (Bastos and etc., 2023).

By strategically combining these elements, IFS fosters a closed-loop system where
outputs from one component serve as inputs for another. This cyclical approach reduces
reliance on external resources such as fertilizers and pesticides, promoting environmental
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sustainability. Additionally, IFS aims to enhance overall farm productivity and profitability,
particularly for small-scale farmers with limited resources.

Below is a good example of how aquaponics has been applied to strawberries on a Lithuanian
farm.

Growing strawberries and vegetables using the principles of circular agriculture on the
"Ateities lysves" (Molétai district, Lithuania)

Growing strawberries in a bed is common knowledge, but now that raised beds have
become popular, it is possible to grow strawberries in bags, baskets and water. A family living
in Vilnius and farming in the Molétai district has stubbornly embraced NASA technology and
set up an aquaponics farm.

Aquaponics is the technology and process of growing fish and plants together. It is a
symbiotic relationship between the two systems: the plants live and grow thanks to the fish and
the fish live and grow partly thanks to the plants. Bacteria play an important role in this process,
breaking down the ammonium produced by fish into nitrite and nitrate, which is available to
plants. The aquaponics system guarantees the production of two valuable and high-quality
foodstuffs (certain fish and vegetables) in a single, space-saving location.

The family set up the “Ateities lysvés” on their homestead in Molétai and set out to
replicate in practice the agricultural technology used by the National Aeronautics and Space
Administration (NASA). They are among the pioneers in Lithuania. Such farming is well
known in Australia, America and Japan. Farms are even being set up in big cities, because it is
said that if you have a goldfish, you can have a mini-Aquaponics farm. Family-run aquaponics
farming is sustainable and deliberate ecosystem-based farming

e/ . 5 . - -
Figure 9. Equipment for the aquaponics farm

The family grows strawberries using an aquaponics system, where all the fertiliser is
natural, coming from fish farmed right in the pool. They grow about 5000 strawberry plants in
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a greenhouse and use about 1 tonne of water per week for irrigation. Just imagine how much

water resources are used by conventional growers.

METHODS OF GROWING STRAWBERRIES:

Strawberries can be grown in different ways, and the timing of the first harvest of the year
depends largely on this. And the care in each case has its own particularities.

Growing outdoors in beds: the advantage is that the technology is easy to understand
and no special tools are needed. Disadvantages: the yield is weather-dependent,
frequent weeding is necessary, pests attack;

Outdoor cultivation in raised beds: Advantages: very convenient, aesthetically
pleasing, can be covered with an agro-canopy underneath to protect against moles.
Disadvantages: strawberries need to be watered more heavily and more often as water
evaporates faster;

Growing in a greenhouse in the ground: advantage: early harvest. Disadvantages:
requires space in the greenhouse, frequent weeding, constant watering.

Growing in bags in the greenhouse: advantages: very early harvest, clean berries, no
need for weeding, no moles. Disadvantages: not environmentally friendly as the bags
are peat substrate and the bags are plastic; after a while the nutrients will be depleted
and constant fertilization is necessary.

Slightly unconventional, based on circular economy principles:

Hydroponics - feeding the strawberries through water saturated with fertiliser. This is
a comprehensive water control that makes it easy to regulate the supply of nutrients
needed by the strawberry. Disadvantage: the system requires a large investment.
Aquaponics is a form of hydroponics where all the fertilisers are natural and come
from fish grown right in the pool. Strawberries are more resistant to disease and water
consumption is extremely low.
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Figure 9. Strawberries grown aquaponically (Photo. A. Burneikien¢).

In strawberry aquaponic greenhouse, strawberries grow in vertical tubes filled with
expanded clay. It is also equipped with automatic irrigation, so that every couple of hours the
plants receive a set amount of water with the nutrients they need. The water for irrigation comes
from a large pool where the fish live.

So how does it all work? Aquaponics is like a small ecosystem:

e The fish in the pool excrete nitrates;

¢ Bacteria break them down to macro and micro elements;

o The water saturated with these nutrients travels to the plants;

e The plants take up the nutrients and filter the water;

o The filtered water goes back to the fish tank.
This system allows the use of up to 90% less water compared to conventional ground watering
of strawberries.

Figure 9. Strawberries
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Aquaponic advantages:

Natural Ecosystem: Aquaponic systems create a closed ecosystem where fish waste
provides nutrients for strawberries. This reduces the need for chemical fertilizers and
pesticides, and helps maintain natural balance in the environment.

Disease Resistance: Strawberries grown in aquaponic systems are more resistant to
diseases and pests because they do not have direct contact with soil. This reduces the
need for chemical controls and improves product safety.

Low Water Usage: Aquaponic systems use 90% less water than traditional strawberry
cultivation. Water circulates in a closed system, is constantly filtered, and reused. This
is especially important in regions with limited water resources.

Early Harvest: Due to the controlled environment and balanced nutrition, strawberries
grown in aquaponic systems ripen earlier than traditionally grown ones. This allows
farmers to get an early harvest and take advantage of higher market prices.

Higher Yields: Strawberries grown in aquaponic systems can produce higher yields
than traditionally grown ones. Due to the controlled environment and balanced
nutrition, plants grow faster and are more stress-resistant.

Aquaponic challenges:

Balancing: Aquaponic systems require careful balancing of nutrient levels in the water
to ensure that both fish and strawberries receive all the nutrients they need. This can be
a complex process that requires specialized knowledge and experience.

Diseases and Pests: While aquaponic systems are generally more resistant to diseases
and pests, some problems can still arise. It is important to regularly monitor plants and
fish and take preventive measures to avoid the spread of diseases and pests.

High Initial Costs: Setting up aquaponic systems can be expensive as they require
specialized equipment and materials. This can be a limiting factor for smaller farms or
new farmers.

Technical Knowledge: Operating and maintaining aquaponic systems requires some
technical knowledge and skills. It is important to properly care for the system to ensure
optimal plant and fish growth.
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Figures 11, 12, 13. Strawberries, strawberries grow in vertical tubes filled with expanded clay
(Photo. A. Burneikieng).

5.3.2 Collaborative Networks

Importance of Collaboration: Collaboration among stakeholders—including farmers,
researchers, policymakers, and consumers—is essential for advancing CA. Building
collaborative networks facilitates knowledge sharing, innovation, and the adoption of
sustainable practices.

Knowledge Sharing: Collaborative networks enable the exchange of best practices, research
findings, and technological innovations. Farmers can learn from each other and from experts
about new techniques for improving soil health, reducing chemical use, and enhancing
biodiversity.

Innovation: By bringing together diverse perspectives and expertise, collaborative networks
foster innovation. Joint research initiatives and pilot projects can explore new approaches to
circular farming, such as the integration of renewable energy sources or the development of
new crop varieties that are more resilient and resource-efficient.

Adoption of Sustainable Practices: Collaborative networks also play a crucial role in the
broader adoption of sustainable practices. Peer-to-peer learning, demonstration farms, and
extension services can help farmers transition to circular methods by providing practical
guidance and support.
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Takeaways

Resource Optimization and Minimal Waste:

Integrated Farming Systems (IFS) emphasize optimizing resource use and minimizing waste
by creating synergies between different farming components, such as crops, livestock,
agroforestry, and aquaculture.

Sustainable Agriculture:

Aquaponics, as a form of circular agriculture, significantly reduces water usage (up to 90% less
than traditional methods), eliminates the need for chemical fertilizers, and creates a sustainable
closed-loop system where fish waste provides nutrients for plants.

Economic and Environmental Benefits:

IFS and aquaponics can enhance farm productivity and profitability, particularly for small-
scale farmers, by reducing reliance on external inputs like fertilizers and pesticides and
promoting environmental sustainability.

Ideas to consider

Adapting to Climate Change:

With climate change posing significant threats to agriculture, the adoption of advanced farming
systems like IFS and aquaponics can help farmers mitigate these impacts through increased
resilience and resource efficiency.

Initial Investment and Knowledge:

While aquaponics and other integrated systems offer numerous benefits, they require
significant initial investment and specialized knowledge to balance nutrient levels and maintain
the system, which can be a barrier for some farmers.

Local Adaptation and Innovation:

The successful implementation of integrated farming practices, such as the aquaponics system
used for growing strawberries in Lithuania, demonstrates the importance of adapting

innovative agricultural technologies to local conditions and needs.

Audiovisual Material

What is Integrated Farming System (IFS) | Benefits of Integrated Farming System
https://www.youtube.com/watch?v=tlqvxD7a074

Economics of Integrated Crop-Livestock Systems
https://www.youtube.com/watch?v=m_QG00OjBgcc

Integrated Farming Aquaponics System | Commercial Aquaponic Farming Fresh Fish and
Vegetables

https://www.youtube.com/watch?v=xtUXI1XulrrM
https://www.youtube.com/watch?v=Lb4V7hwmSS8&
https://www.youtube.com/watch?v=2uGOi52dW3I
Agroforestry Systems and Sustainable Agriculture
https://www.youtube.com/watch?v=rzImtlqjdxo
https://www.youtube.com/watch?v=LmsVj7{8bsE
https://www.youtube.com/watch?v=UTwtFVv8wkQ
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5.3.3 Policy Support

Role of Policy Frameworks: Policy frameworks and incentives are critical for promoting CA.
Governments can support circularity through subsidies for sustainable practices, regulations on
waste management, and market incentives for circular products.

Subsidies for Sustainable Practices: Financial incentives can encourage farmers to adopt
circular practices. Subsidies for organic farming, cover cropping, and integrated pest
management can offset the initial costs of transitioning to more sustainable methods.

Regulations on Waste Management: Effective regulations on waste management are
essential for closing the loop in agricultural systems. Policies that promote the recycling of
agricultural waste, the reduction of single-use plastics, and the proper disposal of hazardous
materials can help minimize environmental impact and enhance resource efficiency.

Market Incentives: Creating market incentives for circular products can drive demand for
sustainably produced food. Certification schemes, eco-labels, and public procurement policies
that prioritize circular products can help build consumer trust and encourage sustainable
consumption.
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