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QLESLIE Closing Nutrient Loops

)

 Core principle: “Waste Equals
Food.”

* Biological nutrients—Nitrogen (N),
q m Phosphorus (P), and Potassium

& H.H.H. (K)—are captured from human

Rural Urban and agricultural by.products. |
Agriculture Consumption  * Safe return of nutrients to soils

decouples global food production

from finite, fossil-based fertilizers.
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QLESLIE | System Perspective on Organic Waste

Urban-Rural Linkages « Urbanization centralizes food

flows but disrupts natural
nutrient return, stranding 2.8
billion tons of urban organic
waste annually.

« Circular systems engineer
geographical bridges,
converting city biowaste back
into vital agricultural inputs.
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QLESLIE Material Flow Integration

must be aggregated to
achieve necessary
processing scale.

g « Fragmented waste streams

Household

Separation Bins Energy Grid

 Centralized recovery hubs
transform mixed organic

inputs into standardized,
o high-value commodities.
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(;ESUE Linking Waste, Energy, and Soil

Water-Energy-Food Nexus

» Anaerobic Digestion (AD)
serves as the ultimate
nexus technology for
biological circularity.

* |t treats waste while
simultaneously generating
renewable biogas (60%

| methane) and nutrient-rich

L " digestate for soils.
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QLESLIE | Cascading Use of Biomass
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ood/
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(’ Feed ]00 /e being chemically
Bio-based Bio-based degraded.
( Materials Materials * Successive loops extract

) maximum economic and
Bioenergy Bioenergy | chemical value from a
i single organic resource.
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QLESLIE ' | Maximizing Value Extraction
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qLESLIE | Industrial and Agricultural Integration
Food Processing Microalgae Aquaculture
Factory Facility Farm

Food Processing Organic  Microalgae Nutrient  Aquaculture
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QLESLIE | Urban Circular Systems
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Rooftop and 2 j
Community Gardens [ > ngh-denS|ty
environments enable
highly efficient

Ldie e

reverse-logistics for
organic collection.

» Peri-urban agriculture
and vertical farming
close the loop locally,
ensuring resilient food

Source [ >/ Peri-urban Securlty.
Separation Bins Composting Facility
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QLESLIE Environmental Benefits of Integration
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q LESLIE Socio-Economic Opportunities
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QLESLIE | Challenges in System Integration

)

« Systemic transition requires
g’(‘;"\?e’:'f:rtlig overcoming significant
structural and economic
hurdles.
Circular Contamination « Success demands strict
Integration & Behavior alignment between policy
mandates, consumer
High Capital separa_tion behaviors, and
Costs heavy infrastructure

Investment.
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qLESLIE | | Conclusion

)

* Biological nutrients
are the fundamental
engine of a
regenerative future.

Eco-Design

* True circularity
optimizes the entire
metabolic system,
permanently
decoupling growth
from ecological
degradation.
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