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1. SUMMARY OF KEY IDEAS

Circular agriculture applies circular economy principles to food production, agricultural land, biomass,
nutrients, water and rural territories. Instead of following a linear model in which external inputs are
consumed, products leave the farm and residues become waste, circular agriculture seeks to maintain
resources in productive use for as long as possible and return biological nutrients safely to soil.

The concept goes beyond recycling agricultural waste. A truly circular agricultural system seeks to reduce
unnecessary inputs, prevent nutrient losses, restore soil functions, conserve water, recover organic
matter and energy, integrate crop and livestock activities, and create connections among farms, food
processors, municipalities, waste managers and other rural actors.

At field scale, circularity can involve crop rotations, legumes, cover crops, reduced tillage, compost,
digestate, precision fertilisation and efficient irrigation. At farm scale, it can integrate livestock manure,
crop residues, energy production and nutrient management. At territorial scale, it may connect farms with
food industries, cities, wastewater treatment plants, biogas facilities and markets for secondary materials.

This territorial dimension is particularly important. A farm cannot necessarily close every loop internally.
A crop farm may need organic nutrients from a livestock facility; a food-processing plant may send by-
products to animal-feed production or anaerobic digestion; a municipality may provide source-separated
organic material for controlled composting; and renewable energy may be shared among rural
enterprises.

For Central Asia, circular agriculture has particular relevance because agricultural production takes place
under conditions of water scarcity, soil salinisation, land degradation, ageing irrigation infrastructure and
significant losses of biomass and nutrients. The transition towards circular rural systems therefore needs
to focus on water productivity, soil organic matter, salinity management, biomass recovery, safe nutrient
recycling and locally appropriate technologies.

The core message of this lesson is that circular agriculture is not simply about transforming waste into a
resource. It is about redesigning agricultural and rural systems so that waste generation, resource loss
and land degradation are progressively prevented by design.

2. LEARNING OBJECTIVES

By the end of this lesson, the student will be able to:
e Explain the difference between linear and circular agricultural systems.
e Describe the main principles of circular agriculture.

e Analyse nutrient, organic-matter, water and biomass flows within rural systems.
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e Explain the importance of soil health for circular agriculture.

e Compare composting and anaerobic digestion as organic-resource recovery options.
e Apply the biomass cascading principle to agricultural residues.

e Identify opportunities for industrial symbiosis in rural and agri-food systems.

e Evaluate circular agriculture options for arid and semi-arid regions.

¢ Identify specific challenges and opportunities for circular agriculture in Central Asia.

e Propose indicators for monitoring circularity at farm and territorial scales.

3. INTRODUCTION

Agriculture is fundamentally dependent on cycles. Plants take nutrients from soil, animals consume
biomass, organic residues decompose, water circulates through soil and vegetation, and carbon moves
among the atmosphere, plants and soil. Natural ecosystems operate largely through such cycles, with
material continuously transformed and reused.

Modern agricultural systems have often weakened these connections. Nutrients are imported as mineral
fertilisers, crops are harvested and transported over long distances, organic residues may be burned or
discarded, manure may accumulate in areas with insufficient land for safe application, and food waste is
separated from the farms that originally produced the food.

This creates what can be understood as a linear agricultural metabolism. Resources enter the system,
products leave it, and a significant proportion of nutrients, biomass, water and energy is lost along the
way.

The environmental consequences include soil degradation, nitrate leaching, eutrophication, greenhouse-
gas emissions, groundwater contamination, loss of organic matter, inefficient water use and increasing
dependence on external resources.

Circular agriculture seeks to change this logic.
It asks a different set of questions:

Where do nutrients come from? Where do they go after harvest? Can organic residues remain
productively within the system? Can manure replace part of mineral fertiliser demand? Can wastewater
be safely treated and reused? Can food-processing by-products become animal feed, biochemical
products or energy? Can one farm's surplus become another farm's resource?

As illustrated conceptually in Figure 1, the transition from linear to circular agriculture replaces one-way
flows with managed loops involving nutrients, biomass, water, energy and information.
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Figure 1. From linear agriculture to circular agriculture

Did you
know.?
Circular agriculture does not require every individual farm to be completely self-
sufficient. Some resource loops can only be closed effectively at landscape or regional scale through

cooperation among crop farms, livestock farms, food processors, municipalities, water managers and
waste-treatment facilities.
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4. FROM LINEAR AGRICULTURE TO CIRCULAR LAND SYSTEMS
4.1. The linear agricultural model

The conventional linear model can be summarised as take—produce—consume-discard.

At farm level, inputs may include mineral fertilisers, pesticides, irrigation water, animal feed, fuel, plastics
and machinery. Crops and animal products are then exported from the farm. With them leave nitrogen,
phosphorus, carbon and other nutrients.

If nutrients and organic matter are not returned in a controlled way, soil fertility becomes increasingly
dependent on external inputs.

The problem is not agricultural production itself. Modern agriculture has achieved enormous increases in
productivity. The problem is a system in which resource use and production are disconnected from the
management of residual materials and environmental impacts.

Consider a simplified cereal system. Mineral nitrogen is applied to the soil. Part is absorbed by the crop,
but another part may be lost by nitrate leaching, ammonia volatilisation, surface runoff or gaseous
emissions. The grain is harvested and transported away. Straw may be removed or burned. Little organic
matter returns to the soil.

The result is not a closed nutrient cycle but a sequence of inputs and losses.

The same linear logic can occur with water. Water is diverted from a river or pumped from an aquifer,
transported through inefficient canals, applied to fields and lost through evaporation, uncontrolled
drainage or deep percolation. In saline environments, poor water and drainage management can also
transport salts and create long-term soil degradation.

Agricultural plastics provide another example. Mulch films, pesticide containers, irrigation pipes and
packaging may improve productivity but become a pollution source if no collection and recovery system
exists.

Linear agriculture therefore produces more than food. It can also generate nutrient surpluses, polluted
water, greenhouse gases, degraded soil, waste biomass and abandoned materials.

4.2. What makes agriculture circular?

Circular agriculture is based on the deliberate management of resources as cycles rather than one-way
flows.

Five principles are particularly important.

First, nutrient loop closure. Nitrogen, phosphorus and other nutrients should be used efficiently and
recovered where technically safe and economically feasible.
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Second, soil regeneration. Soil should be treated as living natural capital rather than merely as a physical
substrate. Maintaining organic matter, biological activity, structure and water-holding capacity is
fundamental.

Third, cascading use of biomass. Biomass should normally be directed to the highest-value feasible use
before lower-value recovery. Food comes before feed; feed may come before materials; materials may
come before energy; and nutrients should ultimately be returned safely to land.

Fourth, diversity and integration. Crop rotations, livestock integration, agroforestry, biodiversity and
complementary enterprises can create internal synergies and reduce dependence on external inputs.

Fifth, territorial collaboration. Circularity often requires connections among different actors. A single
farm may produce too little organic waste for its own biogas plant, but several farms together may support
a collective facility.

These principles are summarised in Table 1.

Table 1. Core principles of circular agriculture

Principle Main idea Practical agricultural application
Nutrient loop Reduce nutrient losses and recover Compost, digestate, manure
closure useful N, P and organic matter management, nutrient budgeting
Soil regeneration Maintain and restore the biological and | Cover crops, rotations, reduced

physical functions of soil tillage, organic amendments
Biomass cascading | Use biomass first for the highest-value Food - feed - materials - energy
suitable purpose - nutrient return
Integration and Link complementary biological and Crop—livestock integration,
diversity productive processes agroforestry, legumes
Territorial Connect resource producers and users Industrial symbiosis, collective
circularity across a rural region biogas, regional composting

As shown in Table 1, circular agriculture combines biological processes with technological, organisational
and territorial changes. It should therefore not be confused with any single farming method.

Organic farming, regenerative agriculture, agroecology, precision agriculture and conservation agriculture
may all contribute to circularity, but none is automatically equivalent to circular agriculture. The key
guestion is how successfully the system reduces virgin inputs, losses and waste while maintaining
productivity and regenerating natural capital.
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Reflect A farm replaces mineral fertiliser with compost transported 800 km by truck. Is this necessarily
a more circular solution? Consider nutrient recovery, transport impacts, product quality and the possibility

of finding a closer source.

4.3. Systems thinking and territorial circularity

A circular farm should not be analysed in isolation.

Suppose a dairy farm produces manure that exceeds the nutrient absorption capacity of its own land.
Applying all manure locally could create nitrate and phosphorus pollution. From a farm-level perspective,
the manure is a surplus. At territorial level, however, nearby crop farms may have a nutrient deficit.

The circular opportunity is not to apply more manure to the dairy farm's own fields. It is to connect
nutrient surplus and nutrient demand.

The same logic applies to agricultural residues. A fruit-processing plant may produce pomace that
becomes a waste-disposal problem. Depending on quality and composition, it could instead be processed
into pectin, used as livestock feed, digested to produce biogas or composted.

Circularity is therefore spatial. Transport distance, timing, quality, infrastructure and market demand
determine whether loops can be closed in practice.

This leads to a key principle:

The smallest possible loop is not always the best loop. The appropriate scale is the one that achieves
safe, efficient and environmentally beneficial resource circulation.

5. CLOSING NUTRIENT AND ORGANIC-MATTER LOOPS
5.1. Nitrogen, phosphorus and carbon

Nutrient management lies at the centre of circular agriculture.

Nitrogen is essential for crop productivity but highly reactive and mobile. When nitrogen inputs exceed
crop uptake or are poorly timed, losses can occur through nitrate leaching, ammonia volatilisation, runoff
and gaseous emissions.

Page 9 of 29



FERGANA STATE )
Co-funded by TECHNICAL (
- the European Union UNIVERSITY L ES LI E

»

Circular nitrogen management seeks first to improve efficiency. The objective is not merely to recycle
more nitrogen but to avoid unnecessary surplus.

This can involve:
e matching fertiliser application to crop demand;
e using legumes and crop rotations;
e recovering nitrogen from manure and organic residues;
e improving manure storage;
e using precision application technologies;
e preventing nitrate leaching during fallow periods.

Phosphorus presents a different challenge. Unlike nitrogen, it has no large atmospheric reservoir that can
be biologically fixed. Agricultural phosphorus is largely derived from phosphate rock, and phosphorus
losses can contribute to eutrophication.

Circular phosphorus management therefore places particular emphasis on recovery from manure,
wastewater, sewage sludge and other organic streams, provided contaminant risks are controlled.

Carbon connects circular agriculture directly to soil health. Crop residues, roots, manure, compost and
other organic materials can contribute to soil organic matter. Soil organic carbon supports aggregation,
biological activity, nutrient cycling, erosion resistance and water retention.

However, simply applying organic residues does not guarantee soil carbon accumulation. The result
depends on climate, soil type, decomposition rate, residue quality, tillage and long-term management.

The interactions among nitrogen, phosphorus and carbon are represented in Figure 2.
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Figure 2. Circular nutrient and biomass flows in an integrated rural system

5.2. Crop residues, manure and organic waste

Agricultural residues are often described as waste, but their role is more complex.
Crop residues may provide several functions:

e maintaining soil organic matter

protecting soil against erosion

e conserving moisture

feeding livestock

providing raw material for bio-based products

e producing energy

These uses can compete with each other.
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For example, removing all cereal straw for biogas or combustion may generate renewable energy but
reduce soil organic-matter inputs. Leaving all residues in the field may support soil health but miss
opportunities for higher-value uses.

Circular management therefore requires balance.

The biomass cascade provides a useful framework. Edible biomass should normally remain food. Suitable
food-processing by-products may be used as feed. Fibres and compounds may be extracted for materials.
Energy recovery generally comes later in the cascade.

Manure also illustrates the need for careful management. It contains valuable nitrogen, phosphorus,
potassium and organic matter, but uncontrolled application can pollute water and generate emissions.

A circular manure strategy should answer four questions:

e What nutrients does the manure contain?

e  What nutrients do crops require?

e When and where should it be applied?

e Can treatment improve storage, transport or nutrient recovery?

The goal is not maximum recycling. It is safe and efficient nutrient substitution.

WARNING &

An organic residue does not become environmentally safe merely because it is called
a circular resource. Digestate, compost, manure, sewage-derived products and other recycled
amendments must be evaluated for nutrients, salinity, pathogens, heavy metals, persistent contaminants

and physical impurities where relevant.

5.3. Composting and anaerobic digestion

Composting and anaerobic digestion are two important technologies for closing organic-resource loops.

Composting is an aerobic biological process. Microorganisms transform organic materials under
controlled moisture, aeration and temperature conditions into a more stable amendment.

Good compost can return organic matter and nutrients to soil and improve structure. However, poor
source separation can introduce plastics, glass, metals or other contaminants.

Anaerobic digestion, by contrast, occurs without oxygen. Organic material is transformed into biogas and
digestate. The biogas can be used for heat, electricity, upgraded biomethane or other energy purposes.
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agronomic conditions are suitable.

The comparison is shown in Table 2.

Table 2. Comparison of composting and anaerobic digestion

Criterion Composting Anaerobic digestion
Biological Aerobic Anaerobic
environment
Main output Stable organic amendment Biogas and digestate

Energy recovery

No direct net energy production

Renewable gas production

Organic matter

Produces stabilised compost

Digestate retains partially stabilised
organic matter

Nutrient
management

Some nitrogen may be lost during
processing

Much nitrogen remains in digestate

Main advantages

Simpler technology, soil organic-matter
benefits

Energy plus nutrient recovery

Main limitations

Odour, moisture, contamination and N
losses if poorly managed

Higher capital needs and careful
digestate management

Typical suitable
feedstocks

Green waste, crop residues, source-
separated organics

Manure, food waste, wet organic
residues

As shown in Table 2, neither technology is universally superior. Composting may be more suitable for dry
lighocellulosic residues, while anaerobic digestion can be particularly attractive for wet, easily
biodegradable organic streams.

In some systems, both can be combined. Organic material can first undergo anaerobic digestion to recover
energy, after which the solid fraction of digestate may be composted to produce a more stable soil
amendment.

Quick

Exercise A rural district produces cattle manure, fruit-processing residues, wheat straw and
municipal food waste. Decide which materials could be suitable for composting, anaerobic digestion,
direct soil return or higher-value use. Explain why one single treatment option would probably not be

optimal for all four streams.
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6. SOIL HEALTH AND REGENERATIVE LAND MANAGEMENT
6.1. Soil degradation as a circularity failure

Healthy soil is the foundation of circular agriculture.

A system cannot be called circular if it recovers materials while degrading the land on which production
depends. Soil erosion, organic-matter loss, compaction, salinisation, contamination and biodiversity
decline all represent losses of natural capital.

A degraded soil becomes more dependent on external inputs. Poor structure can reduce infiltration. Low
organic matter can decrease water retention. Erosion removes nutrients. Salinisation limits plant uptake.
Compaction restricts roots.

These changes create a negative feedback loop:

degradation - lower soil function = greater external input dependence - further environmental
pressure.

Circular soil management seeks the opposite:

organic matter recovery - better soil structure - improved nutrient and water efficiency - greater
resilience - reduced losses.

This does not mean that organic amendments alone can repair every degraded soil. Salinity, sodicity,
erosion, contamination and compaction require specific diagnoses and interventions.

6.2. Regenerative agricultural practices

Several practices can support both soil health and circularity.

Crop rotations diversify nutrient demand and biological processes. Including legumes can reduce
dependence on synthetic nitrogen.

Cover crops protect soil between commercial crops, reduce erosion and may capture residual nitrogen
that would otherwise be lost.

Reduced tillage, where agronomically appropriate, can reduce physical disturbance and erosion. Its
effects on carbon storage depend strongly on local conditions and soil depth.

Organic amendments can return carbon and nutrients. Their use should be based on quality control and
agronomic demand.

Agroforestry integrates woody vegetation with crops or livestock and can provide biomass, shelter,
microclimate regulation, erosion protection and biodiversity benefits.
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Precision agriculture can also support circularity by reducing over-application and matching nutrients or
irrigation more closely to spatially variable crop needs.

Circular agriculture is therefore not necessarily low-tech or high-tech. It may combine traditional
biological knowledge with sensors, remote sensing, automated irrigation and digital nutrient accounting.

Did you
know.?

Many practices now described as circular or regenerative—crop rotations, nutrient
return, mixed crop—livestock systems and reuse of organic residues—have historical precedents extending
back centuries. The innovation lies partly in combining this knowledge with modern monitoring, quality
control and territorial planning.

6.3. Circular agriculture in saline and degraded lands

Circular agriculture in arid and semi-arid regions must address different priorities from those in humid
regions.

Water scarcity changes everything.

Organic residues may improve soil structure and water retention, but their salinity must be controlled.
Reusing drainage water may conserve freshwater but increase salt loading. Applying manure or digestate
can return nutrients but may worsen salinity or nitrate pollution if overused.

Central Asian agricultural landscapes frequently require integration of:
e irrigation efficiency
e drainage
e salinity control
e soil organic-matter restoration
e crop diversification
e nutrient budgeting
e safe biomass recovery

The key is not to maximise each individual loop separately. A system that maximises water reuse but
progressively accumulates salts is not circular in a sustainable sense.
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Reflect Consider an irrigated farm where drainage water is collected and reused. Water withdrawals
decrease, but soil salinity increases every year. Is this a successful circular system? What additional

indicators would you need before deciding?

7. WATER, ENERGY AND MULTI-USE RURAL SYSTEMS

7.1. Circular water management

Agriculture is the dominant water user in many arid and semi-arid regions. Circular water management
involves two complementary strategies:

use less water per unit of useful production, and recover or reuse water safely where appropriate.

Efficiency measures can include improved conveyance, drip irrigation, micro-irrigation, soil-moisture
monitoring, irrigation scheduling and crop selection.

Reuse options can include treated municipal wastewater, reclaimed agro-industrial water, drainage water
and captured rainwater.

However, water reuse requires careful attention to water quality.
Relevant concerns may include:

e salinity

e sodium

e nutrients

e pathogens

e trace elements

e organic pollutants

e pesticides

The suitability of reclaimed water depends on the crop, soil, irrigation method, exposure pathways and
local standards.
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For Central Asia, circular water management must be understood at basin scale as well as farm scale. The
Aral Sea crisis demonstrated the consequences of large-scale water diversion, inefficient irrigation and
insufficient consideration of environmental flows.

Saving water at field level does not automatically guarantee basin-level water savings. For example, water
previously considered a "loss" through seepage may recharge groundwater or support downstream users.

Circular water management therefore requires hydrological systems thinking.

WARNING &
Higher irrigation efficiency at farm level does not necessarily produce an equivalent

reduction in total basin water consumption. Return flows, groundwater recharge and changes in cropped

area must also be considered.

7.2. Agricultural biomass and renewable energy
Agricultural systems produce significant biomass streams, including straw, stalks, husks, pruning residues,
manure and food-processing residues.
Some can support renewable energy production through:
e anaerobic digestion
e combustion
e gasification
e fermentation
e production of biofuels
But circular bioenergy should follow the cascade principle.

Burning a high-quality biomass resource that could first serve as food, feed or material may destroy value.
Conversely, anaerobic digestion of unavoidable manure or food-processing waste can recover energy
while preserving nutrients in digestate.

Residue removal also has ecological limits. Crop residues protect soil and contribute to organic-matter
cycling. Excessive extraction may increase erosion or reduce soil carbon.

Therefore, the circular question is not:

How much biomass can be removed?

Page 17 of 29



»

FERGANA STATE
Co-funded by TECHNICAL (
- the European Union UNIVERSITY L ES LI E

»

Itis:

How much can be used for additional applications after maintaining essential soil and ecosystem
functions?

7.3. Agrivoltaics and multiple land uses

Agrivoltaics combines agricultural production and photovoltaic electricity generation on the same land.

Solar panels may be elevated above crops or arranged to permit grazing or cultivation between rows.
Under suitable designs, partial shading may reduce heat stress and evapotranspiration for some crops.

Agrivoltaics illustrates a broader circular principle: multiple functions from the same land resource.

However, good design is essential. Poorly planned systems can restrict machinery, reduce crop yields or
become primarily energy installations with agriculture as a secondary justification.

The objective should be to optimise combined land productivity rather than simply place two uses
together.

8. CIRCULAR VALUE CHAINS AND RURAL BIOECONOMY
8.1. From agricultural residues to secondary resources

Circular agriculture extends beyond the farm gate.

Agricultural products move through processing, distribution and consumption systems. Along the way,
they generate by-products such as:

e cereal bran
e fruit pomace
e whey
e spentgrain
e oilseed residues
e slaughterhouse by-products
e food waste
In a linear system, these materials become disposal problems.

In a circular value chain, they are characterised, separated and directed towards useful applications.
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A brewery can provide spent grain for animal feed. A fruit processor can recover pectin or send residues
to digestion or composting. A dairy plant can valorise whey. Food residues can produce biogas.

The feasibility depends on composition, quality, regulation, quantity, distance and market demand.

8.2. Biomass cascading

The cascading principle seeks to retain the highest possible value of biomass.
A simplified hierarchy is:

human food - animal feed - bio-based products - biochemical extraction - energy = nutrient return
to soil

This sequence is not absolute, but it prevents a common circularity mistake: using resources immediately
for low-value energy recovery when higher-value options remain feasible.

For example, edible food should normally not be converted to biogas merely because digestion is
technically possible. Prevention and redistribution preserve more value.

Likewise, a processing by-product suitable for feed may provide greater resource efficiency than direct
combustion.
8.3. Industrial symbiosis in rural territories
Industrial symbiosis occurs when the output or by-product of one activity becomes a useful input to
another.
In rural systems, examples include:
e brewery residues - livestock feed
e fruit-processing residues = pectin, compost or biogas
e manure - anaerobic digestion = biogas and digestate
e food-industry waste heat - greenhouses
e municipal organic waste - controlled compost production
e crop residues - bio-based construction materials
The rural territory becomes a network rather than a collection of isolated facilities.

Figure 3 illustrates this concept.
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Figure 3. Circular rural territory and industrial symbiosis

Quick

Exercise Imagine a rural district containing a dairy farm, greenhouse complex, fruit-processing
plant, wastewater treatment plant and cereal farms. Identify at least four possible circular exchanges
between them. Which exchange would require the strictest quality control?

9. CIRCULAR AGRICULTURE IN CENTRAL ASIA
9.1. Regional challenges

Central Asia presents a particularly important context for circular agriculture because land, water, biomass
and waste-management challenges are closely interconnected.

Important pressures include:

e water scarcity
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e irrigation inefficiency

e soil salinisation and waterlogging

e wind erosion and desertification

e loss of soil organic matter

e limited rural waste collection in some areas
e uncontrolled dumping and burning

e inefficient use of crop residues

e insufficient manure management

e dependence on mineral fertilisers

e ageing rural infrastructure

The historical development of irrigation-intensive agriculture, especially for cotton and wheat, produced
high levels of agricultural output but also created major environmental pressures in some areas.

The challenge is therefore not simply to introduce new waste-treatment technologies. A real circular
transition must reconnect water management, land restoration, nutrient flows, biomass utilisation and
rural development.

The attached reference document identifies circular opportunities in areas such as irrigation
modernisation, wastewater reuse, wetland treatment, biogas, composting, legume rotations, soil-carbon
restoration and rural knowledge development. It also highlights barriers including capital costs, ageing
infrastructure, farmer knowledge, contamination control, technology access, financing and institutional
coordination.

9.2. Circular opportunities

Several opportunities are particularly relevant.

Water efficiency and controlled reuse

Modernising irrigation infrastructure, improving scheduling and adopting drip or micro-irrigation where
appropriate can increase water productivity. Treated wastewater and drainage water may provide
additional resources, but salinity and contaminant risks must be managed.

Crop residue management

Straw and other crop residues can support soil protection, livestock feeding, materials or energy
production. Burning residues wastes resources and creates air-pollution impacts.
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The optimal solution requires determining how much biomass must remain on the land to maintain soil
function and how much can be recovered sustainably.

Manure and biogas

Livestock manure offers opportunities for nutrient recycling and renewable energy. Small farm-scale
digesters may be suitable in some contexts; collective facilities may offer economies of scale elsewhere.

Digestate management is crucial. A biogas system is not circular if digestate is disposed of without nutrient
planning.

Soil restoration

Cover crops, crop rotations, organic amendments, agroforestry and reduced soil disturbance can help
rebuild soil functions. In saline environments, these measures must be combined with appropriate
irrigation and drainage management.

Rural organic waste

Source-separated organic residues from settlements and markets could potentially support composting
or digestion. The main requirement is contamination control.

Mixed waste containing plastics, metals or hazardous materials cannot simply be converted into
agricultural amendments.

Circular agri-food clusters

Food-processing industries can become anchor points for territorial symbiosis. Organic residues, waste
heat, water and energy can be exchanged with nearby agricultural enterprises.

The principal opportunities and limitations are summarised in Table 3.

Table 3. Circular agriculture opportunities and implementation challenges in Centra Asia

Domain Circular opportunity Main environmental benefit b I L i G
challenge

Irrigation Efficient irrigation and Lower withdrawals and Capital cost, water quality,
controlled water reuse improved water productivity | ageing infrastructure

Nutrients Compost, digestate, Reduced nutrient losses and | Quality control and
legumes and precision external fertiliser farmer knowledge
fertilisation dependence

Crop Soil return, feed, Less burning and better Collection and competing

residues materials and bioenergy biomass use uses

Livestock Anaerobic digestion and Renewable energy and Finance and digestate

manure nutrient recovery controlled nutrient management

management
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Soil health Cover crops, rotations, Improved resilience and land | Time horizon and
organic matter and productivity incentives
agroforestry
Rural Composting or anaerobic | Reduced uncontrolled Source separation and
organics digestion disposal contamination
Agri-food Industrial symbiosis Resource efficiency and Coordination and market
industries reduced waste development

As Table 3 shows, many of the barriers are not purely technical. Governance, investment, logistics and

knowledge are equally important.

9.3. A practical transition framework

A circular transition should begin with mapping.

The first step is to identify major inputs: water, fertilisers, feed, fuel, plastics and energy.

The second is to identify outputs: food, livestock products, biomass residues, manure, wastewater,

rejected products and packaging.

The third is to identify losses and environmental pressures: nitrate leaching, salinity, erosion, emissions,

uncontrolled waste or unused biomass.

Only then should technologies be selected.

A practical transition pathway is shown in Figure 4.

Page 23 of 29




FERGANA STATE )
Co-funded by TECHNICAL (
- the European Union UNIVERSITY ;E S LI E

V4 2] © — O 54

MAP RESOURCE FLOWS IDENTIFY LOSSES PRIORITISE PREVENTION CREATE SAFE MONITOR SOIL, WATER,
Undlerstand wharé Tesources AND HOTSPOTS AND EFFICIENCY RESOURCE-RECOVERY LOOPS ECONOMIC AND SOCIAL OUTCOMES
come from, how they flow, Quantify losses, inefficiencies Prevent waste and use resources Recover and circulate nutrients, Track results, learn and adapt
and where they go.

and environmental hotspots. more efficiently. water, energy and organic matter safely. for continuous improvement.

Efficient irrigation Crop residues

(e:g. drip, lined canals, K‘ Soil health and
scheduling) %% T \ productivity
Balanced fertilisation / _\
(4R principles: right source, Water quahty
rate, time, place) \ and availability
Climate-smart cropping . - /’ ~
(rotations, drought-tolerant Lok Composting ( Economic
varieties, cover crops) P t ) \_ performance
/PEme Improved livestock feeding Healthy solls : .
( ) ( and animal health @ and productive @ “ Socdl as-beg
\ farms. and equity
Feed and Fossil fuel Efficient machinery Manure Anaerobic %
product losses dependence and logistics m\ digestion /‘ \ Climate resilience
‘ and biodiversity
Treat

Examples / Actions ted \,

Examples / Actions
* Map water sources and canals

o ! wastewater reuse
(rivers, reservoirs, groundwater) o U k] s v, FowoN saalig Examples / Actions Examples / Actions :
+ Map soils, land use and salinity risk and farmer knowledge + Set targets for water, nutrients and energy * Return organic matter and nutrients to ields Examples / Actions
+ Map nutrient, feed and energy flows « Wdentify priority hotspots by impact « Promote training, advisory and digital tools * Use biogas/biomass for heat and electricity #/Mankie with ndicatons (s belon)
*/Map croft-Bvestock connections and feasibility + Align incentives and local policies + Reuse treated wastewater for irrigation * Share results and adapt practices
and markets « Replace open burning with safe options * Strengthen cooperation and policies
LA = — \_+ Develop local markets for by-products )

KEY MONITORING INDICATORS

/ The transition should begin /
‘ % with mapping and end with
continuous monitoring and \

Water Salinity Soil organic Nutrient Residue Renewable Farmer Cooperation adaptation.
productivity (EC, dS/m) carbon balance recovery energy income among actors p =
(m? per kg) (t C/ha) (kg/ha) (%) (share, %) (USD/ha) (index)

Figure 4. Transition pathway for circular agriculture in Central Asia

Reflect Which circular intervention would create the greatest benefit in your region: irrigation
efficiency, manure management, residue recovery, composting, biogas, crop diversification or soil
restoration? Explain your answer in terms of the dominant resource loss rather than the technology itself.

10. GOVERNANCE, ECONOMICS AND ENABLING CONDITIONS

Circular agriculture cannot be implemented through technology alone.

A farmer may recognise the benefits of compost but have no access to reliable quality information. A
biogas facility may exist but lack a market or legal framework for digestate. Two farms may have
complementary nutrient surpluses and deficits but no transport infrastructure.
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Governance therefore determines whether circular opportunities become practical realities.
Important enabling conditions include:

e C(Clear standards. Recovered fertilisers, compost, digestate and reclaimed water need quality
standards.

e Secure land tenure. Farmers are more likely to invest in soil restoration, agroforestry or long-term
infrastructure when they have a sufficient planning horizon.

e Economicincentives. Subsidies, environmental taxes, payments for ecosystem services and green
procurement can influence decisions.

e Spatial planning. Circular systems often benefit from locating complementary activities close
together.

e Monitoring and traceability. Resource flows should be measured so that circular claims can be
verified.

e Education and extension. Farmers, technicians, public authorities and businesses need practical
knowledge.

Land tenure is particularly relevant. Some soil-restoration measures may take many years to show full
benefits. A producer with uncertain or short-term access to land has less incentive to make long-term
investments.

Circularity therefore raises a fundamental governance question:

Who invests today, who receives the future benefit and who carries the risk?

Did you
know..?

The success of a circular agricultural system may depend less on discovering a new
technology than on creating agreements among existing actors who currently manage resources
separately.

11. MONITORING CIRCULAR PERFORMANCE

A system should not be considered circular simply because it uses the word "circular".
Performance must be measured.
Useful indicators can be grouped into five categories.

Resource efficiency

e water use per unit of production

e mineral fertiliser input
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percentage of organic residues recovered

nutrients returned safely to land

share of manure treated

proportion of suitable biomass used according to cascading principles.

Soil and land condition

soil organic carbon
erosion

salinity

soil cover

nutrient balance

Pollution prevention

nitrate concentrations
nutrient surplus
greenhouse-gas emissions
uncontrolled waste disposal

residue burning

Socio-economic resilience

farmer income

local employment

cost savings

number of participating actors

security of local resource supply
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Table 4. Indicators for monitoring circular agriculture and rural land systems

Dimension Example indicator Desired trend

Water Water use per tonne of product Decrease

Nutrients Nitrogen surplus per hectare Decrease

Soil Soil organic carbon Stable or increasing

Biomass Share of residues recovered through safe higher- | Increase
value uses

Waste Organic waste sent to uncontrolled disposal Decrease

Energy Renewable energy generated from unavoidable Increase where environmentally
residues justified

Pollution Nitrate or salinity trends in soil and groundwater | Improve or remain within safe

limits
Economy Value recovered from secondary resources Increase
Governance | Actors participating in circular networks Increase

As shown in Table 4, circularity must be evaluated through outcomes, not merely through activities.

A farm can recycle all manure and still pollute groundwater if application exceeds crop demand. A water-
reuse system can reduce freshwater withdrawals while increasing soil salinity. A bioenergy project can
recover residues but degrade soil if excessive biomass is removed.

Indicators must therefore detect trade-offs.

WARNING &
Maximising one circularity indicator can worsen another environmental outcome.

High recycling, high water reuse or high biomass recovery should never be treated as sufficient evidence
of sustainability without considering soil, water, emissions, biodiversity and resource quality.

12. CONCLUSIONS
Circular agriculture represents a transition from one-way resource consumption towards integrated
management of nutrients, biomass, water, energy and rural land.

The first principle is prevention. Avoiding excessive fertiliser use, unnecessary water losses, food waste,
residue burning and soil degradation is generally preferable to recovering resources after they have been
lost.
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The second principle is safe loop closure. Nutrients and organic matter should be returned to productive
use only when their quality and environmental risks are understood.

The third principle is regeneration. A circular agricultural system must protect the land resource on which
it depends. Soil organic matter, structure, biodiversity, water-holding capacity and resistance to erosion
are central components of circular performance.

The fourth principle is cascading. Biomass should be kept at its highest feasible value for as long as
possible. Recycling and energy recovery should not displace prevention, food use, feed use or higher-value
material applications without justification.

The fifth principle is territorial integration. Farms, livestock facilities, food processors, municipalities,
water managers and waste facilities may need to collaborate to close loops effectively.

For Central Asia, the transition has particular urgency because water scarcity, soil salinisation, land
degradation, crop residues, manure management and rural waste are interconnected challenges. Circular
agriculture offers opportunities through efficient irrigation, controlled water reuse, soil restoration,
nutrient recycling, biogas, composting, crop diversification and regional resource networks.

However, circularity is not achieved by installing technologies alone. Long-term change requires quality
standards, secure land management, infrastructure, financing, monitoring, farmer knowledge and
cooperation among institutions.

The final lesson is therefore clear:

Circular agriculture is not the maximum recirculation of every possible material. It is the intelligent
redesign of rural systems so that resources retain value, natural capital is regenerated, pollution is
prevented and land remains productive and resilient over time.
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