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qLESLIE Industrial Symbiosis
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The Baseline Reality: The global economy
generates over 20 gigatonnes of processing
and end-of-life waste annually.

The Symbiotic Concept: A collaborative
model where one facility's waste or
by-product becomes a neighboring facility’s
raw material.

The Ultimate Goal: Mimic the metabolic
processes of natural ecosystems to elimi-
rinate waste, transforming industrial output
from a linear extraction to a closed-loop
exchange.

ST Co-funded by
g the European Union




) _
qLESLIE

Linear vs Symbiotic
Industrial Systems

The Linear Model: Extract, produce,
consume, discard. Characterized

by high virgin resource depletion
and heavy environmental
degradation.

Virgin Extraction Production Landfill

The Symbiotic Model: Closed-loop
operations where waste equals food.
Decouples economic growth from
virgin material extraction, retaining
materials at their highest utility.

Industry A

Material
Loop

Energy
Exchange
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QLESLIE Principles of Industrial Symbiosis

Material & Energy: Maximizing the

utility of every molecule and joule.
Substituting raw inputs with high-volume
industrial by-products.

Infrastructure & People: Sharing physical
utilities (like wastewater treatment or
steam grids) and building long-term
contractual trust between distinct
~orporate entities.
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QLESLIE | Kalundborg Industrial Symbiosis

)

The Pioneer: Decades of organic,
self-organized symbiosis in Denmark,
proving long-term commercial viability.

—~
| Water
lm

Bower Station The Exchanges: A flourishing network
sharing steam, water, and by-products.
Example: Novo Nordisk’s ethanol waste
generates power, while the power
station’s flue-gas gypsum
manufactures local plasterboard.

~

Power Station

Pharma
Company

" Biomass
Biomass
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QLESLIE Energy and Heat Recovery

in Industrial Systems

Cascade Utilization: Matching
precise temperature and pressure
requirements to specific secondary
processes, eliminating thermal
waste.

High-Grade Heat

Community Integration: Re-routing
industrial excess heat away from

Medium-Grade Heat h atmospheric venting and directly into
municipal residential heating
networks.

Low-Grade Heat "1 ﬂ

District Heating
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QLESLIE | Water Reuse and

> L O Circular Water Systems

Resource Conservation: Drastically reduces

industrial dependency on local water scarcity
by circumventing fresh groundwater
Industrial Industrial .
Wastewater Wastewater extraction.

Shared Capital Costs: Centralized, multi-user

water treatment infrastructure significantly
h reduces the capital and operational

Treated Treated
Process Process
Water Water

expenditure for individual companies.

les

Industrial
Wastewater

Industrial
Wastewater

Shared
Purification
Plant
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QLESLIE By-Product Exchange

> Between Industries

Physical Substitution: Replacing
energy-intensive virgin raw

2 materials with high-volume,

. locally generated industrial
Metall I I I

Steel Mill Cement Factory  cross-Sector Synergy: Creating

e entirely new supply chains by

connecting fundamentally

S a—— different sectors—bridging heavy
metallurgy with construction, and

food processing with regional
agriculture.

[LeT

| :
a Organic
i 111 Sludge
Food. Agricultural
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qLESLIE Eco-Industrial Parks

Geographic Co-Location: Physical
proximity is an absolute requirement
for the economical transfer of low-
value, high-bulk materials, steam,
and water.

Planned Symbiosis: Transitioning
from coincidental, self-organized
exchanges to engineered, top-down
infrastructural sharing designed from

Wastewater Shared Renewable \ { the grou nd u P.
Treatment Energy Grid f
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Available By-Products
(Factory A)

Resource Demands
(Factory B)
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Digital Tools and
Material Flow Monitoring

The Matchmaker: Utilizing
Material Passports and loT
sensors to track previously
invisible industrial waste streams
in real-time.

Data-Driven Circularity: Bridging
the critical information gap to
algorithmically connect

supply with unexpected cross-
industry demand, creating new
resource markets.
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QLESLIE Industrial Symbiosis in

> e Developing Economies

Rapid Scale: Top-down planning
Tianjin Economic-Technological Development Area (TEDA) enables massive, accelerated
Measurable Impact: Absolute

implementation in rapidly
proof that economic expansion

expanding economic
89,000 tons ()f C02 Abated l and industrial output can be

87 Synergies Established

development zones.
decoupled from environmental
degradation and carbon
intensity.

321,000 tons of Landfill Diversiop
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) Governance and
qLESLIE

> N, Stakeholder Cooperation

Private
Industrial
Manufacturers

Local
Government
Authorities

The Role of Trust: Symbiosis
demands long-term operational
dependencies that far exceed
standard, short-term supply chain
contracts.

Third-Party

The Facilitator: An essential neutral Facilitator

party that mediates technical
feasibility, aligns fiercely diverse
commercial interests, and ensures
strict regulatory compliance.

Research
Institutions
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QLESLIE | Industrial Symbiosis in Central Asia

)

: Emerging Opportunities:

Metgﬁfrg:g;fggb - Transitioning heavy, legacy

GemertProdiiction industrial sectors into highly
integrated, low-waste

& ecosystems.

Regional Focus: Leveraging
unique local geographic
advantages—from vast
metallurgy outputs to massive
agricultural surpluses—to
localize supply chains.

Uzbekistan:
Agri-Food Residues
for Industrial
Bioenergy
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Economic and
> ") Environmental Benefits

The Dual-Value Proposition: Industrial
symbiosis provides empirical proof that
rigorous ecological responsibility directly
drives economic competitiveness.

Economic Environmental
Benefits Benefits

Net-Zero Alignment: A non-negotiable
operational framework for meeting global
decarbonization, resource security, and
sustainability targets.

Input Carbon
Costs  Disposal Emissions Virgin
Fees Resource

Depletion
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