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REIMAGINING INDUSTRIAL PARKS
FOR THE CIRCULAR ECONOMY

Global leadership, policy innovation and scalable solutions for
sustainable industrial transformation



Alndustrial parks are among the most powerful
engines of economic development

ABut they are also one of the largest concentration
points of environmental pressures
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A Globally, industrial waste generation is estimated to be
almost 18 times greater than municipal waste

A Industrial parks concentrate hazardous chemicals,
wastewater, air pollutants, and greenhouse gas
emissions. In many developing countries, limited
systems for managing hazardous chemicals and waste
further increase environmental and health risks.
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A This concentration of industries also creates an
opportunity: because they gather industries,
Infrastructure, and services in one place, industrial
parks are one of the most effective leverage points

for transformation .
A By redesigning how materials, energy and water circulate

across industries, circular economy approaches can
significantly reduce waste and pollution while
strengthening industrial competitiveness.
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A Around the world, we are already seeing promising
examples: Kalundborg Symbiosis in Denmark
Kor e a 04dndustnabPark Programme and
Chinads circular transfor ma

parks .
A These examples show that circular industrial systems

are not just theoretical concepts, they are also
practical and scalable solutions.
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UNDPO S

A Through its global presence and partnerships, UNDP is working
to help countries integrate circular approaches into industrial
development, climate strategies and investment planning.

A UNDP is exploring initiatives such as theCircular Park
Initiative , which aims to support countries in transforming
iIndustrial parks into circular, low-carbon and resource-efficient

systems, combining policy support, technical solutions and
Investment mobilization.
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Agenda

GLOBAL LEADERSHIP AND EXPERIENCES

08:05-08:20 Industrial Symbiosis in Practice: The Kalundborg Model

Bjarke Skaanning
Director, Kalundborg Symbiosis, Denmark

08:20-08:35 Korea’s National Eco-Industrial Park Program: Policies, Business Models and Technologies

Prof. Hung-Suck Park
University of Ulsan, Republic of Korea

08:35-08:50 China’s Practice in Circular Transformation of Industrial Parks

Dr. Yuyan Song
Director, Green Partnership of Industrial Parks, China

08:50-09:25 DIALOGUE AND Q&A

09:25-09:30 CLOSING REFLECTIONS
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Bjarke Skaanning Prof. Hung-Suck Park Dr. Yuyan Song

Director, Kalundborg University of Ulsan, Director, Green Partnership
Symbiosis, Denmark Republic of Korea of Industrial Parks, China
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Bjarke Skaanning

Director, Kalundborg Symbiosis, Denmark

Industrial Symbiosis in Practice:
The Kalundborg Model
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Examples of local growth

e mbillion Theinvestments 12 educational
Investment Createnew programs
permanent jobs In Kalundborg



10 symbiosis projects

7. Bioethanol from wheat straw
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Value Proposition of Industrial Symbiosis (1S)

Resource efficiencyiS optimizes resource use by sharing energy, water, materials, and expertise, reducing waste and enhancing efficienc
Cost savingsCollaborative resource sharing and waste exchange cut procurement and disposal costs, yielding significant savings
Environmental sustainabilityIS reduces waste and promotes reuse, minimizing environmental impact and supporting sustainability goal:
Innovation stimulus:IS fosters innovation by driving new technologies, processes, and business models for resource optimization.
Competitive advantagelsS boosts reputation and appeal by showcasing sustainability and responsible resource management
Resilience and risk mitigatians strengthens resilience by diversifying resource supply and reducing dependency on single sources.

Community and stakeholder engagemens fosters collaboration among businesses, governments, and communities, creating shared

Longterm viability: IS supports circular economy principles, ensuring-teng industry sustainability and economic growth.

ESG complianceémplementing IS solutions helps companies align with ESG principles, regulations, and sustainable practices.
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Prof. Hung-Suck Park

University of Ulsan, Republic of Korea

Korea’s National Eco-Industrial
Park Program: Policies, Business
Models and Technologies
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Korea’s National Eco-industrial Park Program:
Institutions, Policies, Business Models and Technologies

Emeritus Professor Hung Suck Park

Department of Civil and Environmental Engineering
University of Ulsan

parkhs@ulsan.ac.kr



Industrial Parks:
Economic Growth and Environmental Degradation

Environmental Challenges in Industrial Parks
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The Industrial Symbiosis of Kalundborg, Denmark
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Strategies for Manufacturing

Wastes from one industrial process can serve
as the raw materials for another, thereby reducing
the impact of industry on the environment

by Robert A. Frosch and Nicholas E. Gallopoulos

eople create new technologies
and industries to meet human
needs more effectively and at
lower cost.Innovation is a major agent
of progress, and yet innovators' in-
plete k ledg leads
to undesirable side effects. Such un-
foreseen consequences of new inven-
tions are not unique to the feverish
industrialization of the 19th and 20th
centuries. The andent Greek myths
tell of Pandora and the box full of
plagues, of Prometheus punished for
stealing fire from the gods and of
Icarus, who plummeted from the sky
when the sun's heat melted the wax of
his wings. In historical times the shift
from rawhide to tanned leather, al-
though it made for garments and tools
that lasted much longer and were
more comfortable to wear and use,
brought stenches and disease, so that
tanneries had to be segregated from
the communities they served.

Today such inadvertent effects can
have a global impact. Consider, for
example, the invention of chlorinat-
ed fluorocarbons. Before crc's were
developed in the 1930's, refrigerator
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ROBERT A. FROSCH and NICHOLAS E.
GALLOPOULOS work at the General Mo-
tors Rescarch Laboratories in Warren,
Mich. Frosch, whohas a Ph.D. in theoret- |
ical physics from Columbia University,
has been vice-president in charge of the
rescarch laboratories at GM since 1982.
Before that he was head of the National

sulfur dioxide; either chemical was
toxic, and leaks killed or injured many
people. crc’s saved lives, saved money
and provided such elements of mod-
em life as air-conditioned buildings
and untainted food. Only later did at-
mospheric scientists determine that
CrC's contribute to global warming
and affect the chemistry of the upper
atmosphere, wherethey destroy ozone.

Such failures should not diminish
the fact that technology has improved
the lot of people everywhere. Stan-
dards of living in many parts of the
world are better today than they were
20 or 30 years ago. Many of the ad-
verse effects of industrialization have
been brought under control by further
applications of technology. Yet as the
world’s population and standard of
living increase, some of the old solu-
tions to industrial pollution and ev-
eryday wastes no longer work. There
is often no “other side of town" where
the modem equivalents of tanneries
can be put, no open space beyond the
village gates where garbage can be
dumped and do no harm.

y the year 2030, 10 billion peo-

pleare likely to live on this plan-

et; ideally, all would enjoy stan-
dards of living equivalent to those of
industrial democracies such as the
US. or Japan. If they consume crit-
ical natural resources such as cop-
per, cobalt, molybdenum, nickel and
petroleum at current US. rates, and
if new resources are not discovered or

e

associate director of the Woods Hole
Oceanographic Institution and assistant
executive director of the United Nations
Environment Program. Gallopoulos has
recently been appointed head of GM's
engine research department; he was
previously head of the environmental
science department and assistant head |
of the fuels and lubricants department.
Gallopoulos received his M.S. in chemi-
cal engineering from Pennsyhania State
University and his B.S. from Texas A&M
University.

b developed, such an ideal
would last a decade or less. On the
waste side of theledger, at current U.S.
rates 10 billion people would generate
400 billion tons of solid waste every
year—enough to bury greater Los An-
geles 100 meters deep.

These calculations are not meant to
be forecasts of a grim future. Instead
they emphasize the incentives for re-
cycling, conservation and a switch to
alternative matenials. They lead to the
recognition that the traditional model

144 SCIENTIFIC AMERICAN September 1989

© 1989 SCIENTIFIC AMERICAN, INC

Robert A. Frosch

of industrial activity—in which indi-
vidual manufacturing processes take
in raw materals and generate prod-
ucts to be sold plus waste to be dis-
posed of—should be transformed into
amore integrated model: an industrial
ecosystem. In such a system the con-
sumption of energy and materials is
optimized, waste generation is mini-
mized and the effluents of one proc-
ess—whether they are spent catalysts
from petroleum refining, fly and bot-
tom ash from electric-power gener-
ation or discarded plastic containers
from consumer products—serve as
the raw matenial for another process.

The industrial ecosystem would
function as an analogue of biological
ec (Plants h nutri-
ents that feed herbivores, which in
tum feed a chain of carnivores whose
wastes and bodies eventually feed fur-
ther generations of plants) An ideal
industrial ecosystem may never be at-
tained in practice, but both manufac-
turers and consumers must change
their habits to approach it more close-
ly if the industrialized world is to
maintain its standard of living—and
the developing nations are to raise
theirs to a similar level—without ad-
versely affecting the environment.

If both industrialized and develop-
ing nations embrace changes, it will be
possible to develop a more closed in-
dustrial ecosystem, one that is more
sustainable in the face of decreasing
supplies of raw materials and increas-

INDUSTRIAL PLANTS such as this oil
refinery in New Jersey make the prod-
ucts and materials that sustain mod-
ern life. They also emit pollutants that
are difficult to dispose of and that may
have long-lasting adverse effects on
the Meeting

tal needs calls for manufacturing plants
that not only produce goods more effi-
ciently but also fit together into a more
h y At
the same time, consumers must learn
1o use those products less wastefully.
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Nicholas E. Gallopoulus



3 Phase-15 years Korean EIP Master Plan: (‘05~°19)

: Systematic Eco-industrial Park Transition

¢ 2005. 11

ISP Pilot : S industrial complexes

~ Diffusion : 46 industrial complexes with a Standard EIP model
¢ 2010. 06 2"d Phase ; s . :
| . . (EIP design project for Bangladesh Chittagong Economy Processing Zone : ‘12)

© 2015.01: Maturity: national EIP networks

1st phase Pilot 2nd phase Diffusion 3rd phase Maturity

2005.11 ~ 2010.5 2010.6 ~2014.12 20015.: ~ 2&)19.1_2
Pilot on 5 industrial complexes Diffusion on ) onstruction of
46 industrial complexes(ICs) national EIP network 12regions 105 ICs
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EIP Management Sytem: Institutionalization

(Act on Promoting the Transition to an Environmentally Friendly Industrial Structure)

v Management Hierarchy
SM:MOTIE — PM:Identification — PI:Regional Center

v IS development Process

Identification — Feasibility study — IS business Implementation

v/ IS Fesibility Financing Source

Central Gov.(70%) & Local Gov.(20% : matching), Private Co.(10% : participation fee)

MOTIE

TRADE, INDUSTRY & ENERGY Technology fee
) (10~40% of government funding)

Budget for EIP projects
Policies

Guidelines
” Management

’Pip‘a EIP Centers (}cz [ICOX W
<

Top-down Assessment board Research funding
proposal (project selection for funding) (within 70% of necessary budget)
; Select based on - :
Jocs Feasibility Potential Commercial Des g
- Profit Sharing
Bottom-up Research funding Research funding Negotiation among Co’s
Project suggestion ~10% ~20%

University/Research

institute/Company 7 Local Gov.
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Scientific and Practical Approach

RECP and Industrial Symbiosis Expansion by 10 Data
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