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Exploring how circu

principles are reshaping agriculture

and rural livelihoods across one of the
world's most resource-rich yet

underutilized regions.
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The Untapped Potential of Central Asia's Rural Economy

Central Asia's vast agricultural landscapes and deep-rooted
rural traditions hold enormous promise. Yet much of this
potential remains locked in outdated linear systems. This
chapter sets the stage for understanding why a circular

transition is not just possible — it is essential.
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A Region of Rich Resources, Facing
Facing Modern Challenges

| ON TNCEOP@NIN EVEN

Central Asia encompasses some of
the world's most expansive
agricultural lands, with millions of
hectares under cultivation and some
of the largest livestock populations
globally. The natural endowment is
extraordinary.
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The Growing Strain

Despite this abundance, traditional
practices frequently lead to resource
inefficiency — soil degradation, water
overuse, and mounting organic waste.
There is a growing recognition among
governments, researchers, and
communities that a fundamental shift
toward sustainable, circular
approaches is urgently needed.



(EES LIE The World Bank's Vision: Circular Economy as an Opportunity
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The World Bank has identified Central Asia as a region with immense, largely untapped potential to leverage circular economy principles for
rural and agricultural transformation.

Linear Model Circular Transition

Take, make, dispose — a wasteful system Resource efficiency, waste reduction, and
that depletes natural capital and generates value creation at every stage of the
pollution. agricultural cycle.

Regenerative Systems

Economies that restore ecosystems,
empower rural communities, and generate
lasting prosperity.

M Co-funded by
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From Linear to Circular: A New
Paradigm

The shift from extractive to regenerative
agriculture is the defining opportunity for
Central Asia's rural future — unlocking

economic value while healing the land.
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Case Study 1 — Wool to Fertilizer: Closing the Loop in
Kyrgyzstan

In northwestern Kyrgyzstan, researchers discovered a
compelling circular solution hiding in plain sight: repurposing
sheep wool — one of the region's most abundant agricultural

by-products — as a natural, high-performance soil amendment.
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Kyrgyzstan is home to millions of sheep, making wool one of the
most prevalent agricultural by-products in the region. However, with

limited processing infrastructure and declining traditional textile
markets, large volumes of low-grade wool go unused each year.

Without proper management, this surplus wool creates real
environmental challenges — from landfill pressure to potential soil
and water contamination. The question was: could this liability be
transformed into an asset?
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(;ESLI = The Innovation: Sheep Wool as a Natural Fertilizer

A landmark study by Komorowska et al. (2022) investigated the agronomic potential of sheep wool as a plant nutrient source in bean
production trials across northwestern Kyrgyzstan. The findings were striking.

Slow-Release Nutrition Soil Structure Improvement

Wool keratin decomposes gradually in Wool fibers improve soil water retention
soil, releasing nitrogen, sulfur, and trace and aeration, contributing to a healthier
minerals over an extended period — root environment and reducing
providing a sustained nutritional benefit irrigation demand in water-stressed
that mineral fertilizers cannot replicate. agricultural zones.

11N @oriMoll I m
By keeping wool within the local agricultural system, farmers reduce

dependency on imported synthetic inputs while monetizing a previously
discarded by-product.
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The quantitative results from the Komorowska et al. study make a compelling case for wool-based fertilization as both an agronomic and

environmental strategy.

15% ~10%

Higher Bean Yield Carbon Footprint Reduction

Compared to conventional mineral fertilizers, wool- ~ Replacing mineral fertilizers with wool substantially
amended plots produced significantly higher crop lowers associated greenhouse gas emissions across

output. the production cycle.

0

Waste to Landfill

Surplus wool is fully diverted from waste streams,
closing the agricultural loop and eliminating disposal

costs for farmers.
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Wool Power: Fertilizing
the Future

By treating wool not as waste but as a
resource, Kyrgyz farmers are pioneering
a model that is both ecologically sound
and economically empowering — a
blueprint for circular agriculture across

the region.
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The Aral Sea Basin in Uzbekistan presents one of the

world's most urgent environmental recovery challenges.
Yet it also holds the seeds of a powerful circular energy
solution — converting agricultural waste into clean

biogas, organic fertilizer, and new rural income streams.

[ Co-funded by
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The Aral Sea Basin: A Region in
Need of Sustainable Energy

Agricultural Scale

The basin supports well-developed
agricultural production with high
livestock densities. This generates
enormous volumes of manure and
crop residues — most of which are
currently disposed of without energy
or nutrient recovery.

[ Co-funded by
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The Energy Problem

Rural communities in the basin
continue to rely heavily on traditional
biomass burning for cooking and
heating. This practice contributes to
air pollution, deforestation, and soil
carbon depletion — creating a vicious
cycle of environmental degradation.
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The Opportunity: Biogas Production from Agricultural Waste

Research by Saidmamatov et al. (2021) conducted a comprehensive assessment of biogas production potential across the Uzbek portion of
the Aral Sea Basin, modeling the full circular value chain from waste input to energy and fertilizer outputs.

Waste Collection Anaerobic Digestion

Livestock manure and crop residues are Organic material is fed into biogas digesters,
systematically gathered from farms across where microbial activity breaks down waste in
the basin — feedstocks that are currently a oxygen-free conditions, releasing methane-
disposal burden. rich biogas.

Energy & Fertilizer Qutput

Biogas is used for cooking, heating, or
electricity generation. The remaining
digestate is a nutrient-dense organic fertilizer
ready for application to fields.

[ Co-funded by
il the European Union
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e TUrning Waste into
e Wealth: Biogas Solutions

T

b

In the Aral Sea Basin, every kilogram of

manure and every stalk of crop residue
represents an untapped energy and
nutrient resource. Biogas technology
transforms this potential into tangible

. . rural prosperity.

MM Co-funded by
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Broader Implications and Future Directions

The wool fertilizer and biogas case studies are not
isolated experiments — they are proof-of-concept
models for a much larger regional transformation.
Chapter 4 examines what it will take to move from

promising pilots to systemic change across Central

Asia.
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Beyond Specific Cases: The Power of Integrated Systems

The true power of the circular economy lies not in isolated innovations, but in the interconnected systems they can form. When waste streams
from one process become inputs for another, the cumulative impact multiplies dramatically.

o L

Wool - Soil Waste - Energy

Surplus wool from livestock farming feeds Manure and crop residues feed biogas
directly into soil amendment programs, digesters, generating clean energy and
enriching agricultural land and reducing nutrient-rich digestate for the same fields
synthetic input costs. that produced the waste.

[ Co-funded by
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Despite compelling evidence for circular economy benefits, significant barriers remain. Scaling these models across Central Asia requires honest
acknowledgment of the structural and systemic obstacles that must be overcome.

— O.
Inadequate Infrastructure Insufficient Capital
Collection, processing, and distribution networks for organic waste High upfront investment costs for biogas digesters, processing
and bioenergy remain underdeveloped across most rural areas, equipment, and distribution infrastructure create a financing barrier
limiting the viability of circular supply chains. that smallholder farmers and rural cooperatives struggle to overcome
alone.

=,

Ineffective Policy Frameworks

Supportive regulations, feed-in tariffs for biogas, and incentives for
organic fertilizer adoption are largely absent or inconsistently applied
across the region.

Co-funded by
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Connecting the Dots: A Central Asian

SR Circular Economy Network

From the Aral Sea Basin to the Tian Shan
foothills, Central Asia's regions are uniquely
| positioned to form an interconnected
network of circular agriculture hubs — each

turning local resources into regional

resilience.
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(;ESLIE Success Factors for Scalability

Moving from pilot projects to regional transformation requires a deliberate, multi-stakeholder approach. The following enablers are critical to

unlocking the full potential of Central Asia's circular agricultural economy.

Policy Support

Government incentives, targeted subsidies, and clear regulatory
frameworks that reward circular practices and reduce risk for early
adopters.

i NNOOGOONR i MOEND
Adapting proven solutions from other regions and investing in local

R&D to develop context-appropriate circular technologies for Central
Asian conditions.

Capacity Building

Equipping local farmers, cooperatives, and entrepreneurs with the
knowledge and skills to operate, maintain, and scale circular systems
independently.

Co-funded by
the European Union

Investment

Attracting blended finance — combining private capital, development
bank funding, and public grants — to de-risk circular economy
projects at scale.
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(;ESLIE The Economic Dividend

Beyond environmental gains, the circular economy represents a profound economic opportunity for Central Asia's rural regions — one that

can reduce vulnerabilities and generate lasting prosperity.

2] Resource Independence L GONNO AON FANVRIDO

Reduced reliance on imported synthetic New industries in biogas production,
fertilizers, fossil fuels, and other external organic fertilizer processing, wool

inputs strengthens national trade upcycling, and circular supply chain
balances and insulates rural economies management create employment

from global commodity price shocks. opportunities in underserved rural areas.

A N AN ==

T b@VO! NCEXENONN

Diversified income streams, improved soil health, and local energy security enhance
the long-term resilience of farming communities facing climate uncertainty.
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A Call to Action for a Circular Central Asia

The evidence is clear. The models exist. The resources are
present. What remains is the commitment to act — from
governments and investors to researchers, farmers, and

international partners. This final chapter outlines the path

forward.
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(;ESUE Embracing the Circular Future

Central Asia stands at a pivotal historical moment. The convergence of
environmental pressure, economic opportunity, and growing institutional
awareness creates a unique window to fundamentally redefine the region's
agricultural and rural development trajectory.

Environmental Sustainability

Circular agriculture can reverse soil degradation, reduce greenhouse gas
emissions, and restore the ecological balance of landscapes stressed by
decades of linear resource use.

Economic Prosperity

By capturing value from waste streams, reducing import dependency, and
creating new green industries, the circular economy offers a credible path
to durable rural prosperity.

Community Empowerment

Local ownership of circular systems — from biogas cooperatives to wool
fertilizer networks — strengthens community agency and builds the human

capital needed for long-term transformation.

M Co-funded by
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~ The Future is Circular: Let's
- Cultivate It Together.

From Kyrgyzstan's wool-enriched fields to Uzbekistan's biogas-powered farms, the
evidence is inspiring. The tools, knowledge, and natural resources needed to build
a circular Central Asia already exist. Now is the time for governments, investors,
researchers, and farming communities to come together — and harvest the

future.
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