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Soil Restoration in
» e = Circular Economy

e The Paradigm Shift: Moving away from the
linear take-make-waste model that actively
degrades natural capital.

* The Objective: Redesigning agricultural
systems to rebuild soil health, close nutrient
loops, and ensure long-term food security.
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QLESLIE Role of Soil in Ecosystems

* More Than Dirt: Soil is a living
ecosystem serving as the foundation
for global biological cycles.

» Natural Capital: It provides essential
services including nutrient storage,
water filtration, and structural support
for crops.

* Thermodynamic Reality: The second
law of thermodynamics dictates that
everything decays; maintaining this
biological capital requires active,
continuous regeneration rather than
mere extraction.
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QLESLIE | Biological Interconnectivity in Soils

)

* Biodiversity Habitat: Hosts billions of
microorganisms critical for managing

planetary boundaries.
* Water Management: Regulates water
Biodiversity Water stress and prevents rapid runoff, crucial
Habitat Healthy Purification for regions dependent on rainfall.
Soil * Food Security: The ultimate basis for

global agricultural productivity.

* Climate Regulation: Acts as a massive
carbon sink, mitigating greenhouse gas
emissions through biological
sequestration.

Food Carbon
Production Sequestration
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QLESLIE | Nutrient Deficits in Linear Systems
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* The Imbalance: Linear agriculture
removes vast quantities of Nitrogen,
Phosphorus, and Potassium (NPK)
through continuous crop harvesting.

* Insufficient Return: Natural biological

processes alone cannot keep pace with
industrialized extraction rates.

* The Gap: This structural deficit requires
constant, costly replenishment with
synthetic, fossil-fuel-dependent chemical
fertilizers to prevent systemic collapse.

.. Structural
Deficit

s

Nutrients Extracted Nutrients Returned via
via Harvesting Natural Processes

MM Co-funded by
L the European Union




)

(;ES LIE ° Causes of Soil Degradation

The Pathway to Exhaustion

* Intensive Practices: Monocropping and
Intensive Monoculture aggressive tillage aggressively strip the soil of

protective organic matter.

* Chemical Reliance: Overuse of synthetic
inputs disrupts the natural nitrogen cycle and
degrades soil biology.

* Physical Damage: Heavy machinery compacts
the earth, severely reducing water infiltration

Microbiome Destruction and root mobility.

* Net Result: A sterile, extractive growing
medium rather than a resilient, living
ecosystem.

Synthetic Fertilizers

Soil Compaction &
Exhaustion
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QLESLIE | Consequences of Soil Degradation

)

» Economic Squeeze: Slower growth in demand
Lower Crop meets higher input costs and resource volatility,

Yields heavily compressing manufacturer and farmer
margins.

* Reduced Resilience: Degraded soils hold
significantly less water, exponentially increasing
agricultural vulnerability to droughts.

Degraded Drought
Topsoil Vulnerability

¢ ]  Land Expansion: Falling per-hectare yields
Deforestation drive the clearing of new, vulnerable ecosystems
Pressures just to maintain baseline production volumes.
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Q LESLIE Organic Matter and Soil Health
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Biological Architecture

HEALTHY SOIL DEPLETED SOIL * The Anchor: Organic matter is the
structural foundation of healthy soil,

preventing erosion and fostering
biological life.

» Water Retention: Healthy, aggregated soil
acts as a thermodynamic sponge,
dramatically improving water efficiency.

» Critical Thresholds: Progressive policies
recognize this metric. Ireland's agricultural
standards mandate keeping organic matter
above a critical limit of 3.4% to prevent
irreversible collapse.

Optimal Aggregation Compaction &
& Water Absorption Water Runoff
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QLESLIE | Nutrient Cycling in Natural Systems

)

Tree absorbi designed as the input for another.
nutrients

* Nature’s Blueprint: In natural biological
cycles, there is no concept of waste; the
output of one process is perfectly

ng

* Cascading Value: Biological nutrients
fLe?f cascade through living systems,
allmg . - .
maintaining ecosystem health entirely

without external synthetic inputs.
* Regenerative Design: Circular agriculture
aims to mimic this exact closed-loop
a* architecture to end reliance on linear

extraction.

Rich humus
returns to
roots

Decomposer breaking

down litter
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qLESLIE Returning Nutrients to Soil

* Closing the Gap: We can move vast
amounts of biological material back into
the soil via controlled anaerobic
digestion and continuous fermentation

() T processes.

Anaerobic A A4 + Organic Replenishment: Theoretical

Digester models show organic sources could
supply nearly 2.7 times the nutrients of
current global chemical fertilizer
volumes.

 De-risking Supply: Processing biowaste
reduces reliance on volatile global
fossil-fuel markets while actively
rebuilding natural capital.
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Q LESLIE Soil Restoration Strategies
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Practices that Rebuild Capital

» Composting & Digestion: Recovering nutrients
from urban food waste to create high-humic soil
enhancers (e.g., continuous static fermentation).

* No-Till Farming: Minimizing physical soil
' disturbance to protect delicate fungal networks
Compost No-Till and prevent carbon release.

Applicati Farmi
ppiication A arming « Cover Cropping: Keeping soil anchored and
g ye covered year-round to drastically reduce wind

and water erosion.

» Crop Rotation: Diversifying plant life to naturally
break pest cycles and balance nutrient uptake
profiles.

Cover Cropping Crop Rotation
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=== |ncrease in Soil Organic Carbon

== Crop Yield Stability

Years of Regenerative Practices
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Benefits of Soil Restoration

« Asset Appreciation: Unlike linear throughput
that constantly degrades capital, circular
practices rebuild soil as an appreciating
financial asset.

* Yield Optimization: The long-term biological
health of agricultural systems ensures
resilient, stable provision of food and fiber.

« Economic Opportunity: Generates profound
local employment potential in waste
valorization, bio-refining, and advanced
agricultural logistics.
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QLESLIE | Challenges in Soil Restoration

)

m » Systemic Integration: The circular bioeconomy
U'ba" paciae effectively bridges the vast logistical gap
between urban consumption and rural
production.

» Waste as Resource: Organic waste (food,
municipal bio-waste) flows directly from cities
to specialized processing facilities.

» Nutrient Transfer: Processed digestate flows

‘» 4.' . to farms to regenerate soils.
Rural Farm Blogas/Compost
Facility
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qLESLIE Transfer to CE

 Contamination Risks: Ensuring urban organic
waste streams are entirely free from plastics

and heavy metals before returning them to
Contamination Risks agricultural soil.

(Plastics/Metals) ] ) _
* Financial Hurdles: Farmers face upfront capital

transition costs and temporary yield dips before

High Transition regenerative systems fully stabilize.

Costs for Farmers * Infrastructure Gaps (Central Asia): Severe lack of
efficient waste sorting, processing capabilities,
and foundational statistical data. Kazakhstan
Lack of Regulatory recycles just ~11.5% of MSW.

Support

Co-funded by
the European Union
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q LESLIE Transition to Circular Packaging
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e Design Out Waste: View urban organic
byproducts not as a disposal problem, but
as highly valuable biological nutrients. -O-

== :
e Keep Materials in Use: Harness physical M - /

technology, biorefineries, and reverse
logistics to safely transfer nutrients across
distinct sectors.

Collection Transformation Regeneration

e Regenerate Natural Systems: Ultimately
transform agriculture from the world's
primary driver of degradation into our most
powerful mechanism for planetary healing.
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the European Union




ERASMUS-EDU-2023-CBHE Duration: 36 months
Project number: 101129032 (01/01/2024 - 31/12/2026) MICRO-CREDENTIAL

7.- Organic Waste and Biological
LESLIE

LAND MANAGEMENT
ENVIRONMENT &
SOLID-WASTE Returning nutrients to soil

CELWS-W07-V0o3

CIRCULAR ECONOMY FOR LAND AND
WASTE MANAGEMENT

Co-funded by 'Y [ALIKHANOV
the European Union L /NIVERSITY




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16

