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Some Inspiration - from a Swedish tomato
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o Wy superior environmental performance
a /[ 20 CO:2 reduction over Swedish average

§ T x 50 CO» reduction over fossil-based production
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Industrial Symbiosis

Collective approach to resource
productivity.

Regionally concentrated, long-term
partnerships among diverse actors and
sectors enabling higher value from
diverse under-utilised resources and
fostering eco-innovations.

A complementary strategy

with large potential
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Industrial and Urban Symbiosis

Collective approach to resource
productivity.

Regionally concentrated, long-term
partnerships among diverse actors and
sectors enabling higher value from
diverse under-utilised resources and
fostering eco-innovations.

A complementary strategy
with large potential
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Foundations of industrial symbiosis

Murat Mirata

* Someiesource
exchanged, combined, shared with others,

e Common needs can be met better
collectively.

MEWSIREIS
Energy
Machinery
Land

Storage
Infrastructure
People
Knowledge
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Industrial symbiosis value mechanisms

Knowledge/competence synergies

Image: freepik.com

Utllity/service synergies

synergies
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Residue/By-product synergies

A non-product output of one actor (A) that Is
otherwise discarded or disposed (bo), Is used as a
productive input (by), by another actor (B)
substituting primary resources (p).
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Examples
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Example - bioethanol production w |
A

Fodder

Spent grain & yeast
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Energy cascading

Cooled off (wasted)

Very high temp. process
e.g. el. generation,
smelting

Cooled off (wasted)

A

High temp. process
e.g. food processing,
refrigeration

Cooled off (wasted)
Moderate temp. process

e.g. drying, district
heating

Low temp. process
e.g. direct space heating,

greenhouses ll " LINKOPING
Murat Mirata . UNIVERSITY
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Energy cascading

Very high temp. process
e.g. el. generation,
smelting

High temp. process
e.g. food processing,
refrigeration

Moderate temp.

heating

- . Primary energy

CICEe -

e.g. drying, district

e Under certain conditions, residual
energy useless for the generator
can be productively used by
others requiring lower-temps.

* This can be repeated as long as
multiple actors with decreasing
temperature profiles are in close
proximity.

process

Cooled off (wasted)

Low temp. process

# e.g. direct space heating,

greenhouses LINKOPING
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Example

Electricity

Household waste

Hot water ~ 90 °C
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Facility/equipment synergies - Example

Returpak

Holmen Timber
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ﬂ Echanol Warehouses
. Plant
Truck weighing

Port of Norrkoping
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Examples

Kalundborg | noustay e

Steam
Process water
Compressed air

Joint water and
wastewater
handling

\ Kemira

elsingborg
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Knowledge and Capabllity Synergies

... better ideas for new products & services

... better conditions to act on ideas.

Image: freepik.com
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Example - A sustainable transport solution

More info at: https://www.etha.se

Etha

Sustainable fuel with
>90% CO»7 reduction

-

Lantmannen

Agroetanol

Sekab

1 I ANDL CHEMILTRY

Murat Mirata

Sustainable transport

solutions .
Latest generation

ethanol vehicles with
diesel principle

Customised
distribution solutions
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Urban Synergies

All synergy forms involving resource flows
connected to urban areas.
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Operational Industrial Symbiosis examples
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Styria, Austria
(Schwarz & Steininger, 1997)

R

Kawasaki, Japan
(Van Berkel et al., 2009)

-1
- G Ulsan, South Korea
e g . - = = (Behera etal,2012)

Many global
examples from
heavy fossil/
mineral industry
sites.

A

Kwinana, Australia
(Van Beers et al., 2009)
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Kalundborg, Denmark
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ANNUAL SAVINGS

BY LIFE CYCLE ASSESSMENT (LCA)

635.000 ton

CO:2 (environmental)

The same amount of CO»
used on average over a year
by 37.352 Danes

106 mill.

DKK (socioeconomic)

L\

Enough to buy 354
brand new electric powered
cars

182 mill.

DKK (business economic)

ol

Equivalent to having
252 academics
employed for a year

Courtesy of Per Mgller, Kalundborg Symbiosis.

ﬂ

KALUNDBORG
SYMBIOSIS
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Helsingborg, Sweden

Local |
industry Organic waste
Biogas
y N Recovered heat
Heat Sustainable
Major CO; transport
Steam savings C!ty of
T ’]\ T Dist heating g Helsingborg
Water
Operator
Compressed air | L |

Biofertiliser
Heat District

Heating

— o~ . . Cost
Electricity Reduced heating & reduction

waste mg costs.
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Cluster waste Sl S

Organic waste

Steam

Local
Farmers

Municipal

Significant Waste

Fevenue Waste-to-

energy plant

> INDUSTRY PARK -
OF SWEDEN

Landfill gas
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Norrkoéping, Sweden
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Hoganas, Sweden

o e giga' Giomass -
.\u | ‘lv
- 1- <. HBgands e Helsingbarg and/or Angelholm
"‘o‘.",.-.\ waste water Hogands society society
o, treatment
Read Construction __5
-l & 3 <
. = - & = o
i . E: Alnarp l J 3 a
Constructicn 0 S 9 A
Inc ustry Cleanwater \'ui ‘f: “'.:' E
~ N £ ¥ i
= ] ¢
\ ) 3 | d 2 ¥
s B — .
‘% W\ E Nncrease -% g
Y a
Tunng kiin lire Hoganés

Bo-zoal

— Re: dual heal = 50 GWH energi O.
Erargy g% 1 .

|Low-carbon

/T\
steel

sdustrid
o walw
trestment

I'. LINKOPING N.ew
UNINE<SITY sustainable

businesses
Murat Mirata

LINKOPING
UNIVERSITY




Sotenas, Sweden
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Licence to operate

Competitive fertiliser
for ecological farming
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Planned new developments

SYMBIOSCENTRUM

KNOW HOW - FACILITATOR - KATALYSATOR
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PROTEIN &
ANDRA RESTO HANDLING

®n= Z@:é

QUALITY SALMON VATTEN Sotends kommun
INDUSTRIVARD & ENERGI

FACILITATOR RESURSER

SOTENAS

© 20 miljarder investeras i
fiskindustri i Sotenas

228min (&) Minsida # Dela
e 100 000 t salmon/y

Publicerat torsdag 19 mars kl 12.10 _|_

o Sotenas kommun och norska Lighthouse finance ar dverens omen _
mangmiljardsatsning pa bland annat fiskodling i kommunen. —eed

Man ska bygga Europas storsta landbaserade fiskodling. Det ar en etablering :eed SJEOC|<
vard mellan 17 och 20 miljarder krenor. Anlaggningen i Sotenas kommer att ha _
produktionskapacitet pa upp till 100 000 ton atlantisk lax. U el

"Det kommer att innebara cirka 2 000 nya arbetstillfallen, pa ett 75 hektar stort

industriomrdde”, siager kommunstyrelsens ordférande Mats Abrahamsson (M). »
I " LINKOPING
®
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Karlstad, Sweden
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town

City of
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Skogn, Norway
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Finland

Liquified

Glycercl, Bicgas

buttermilk,
s:'ar;? TR : ; 80,000 tonnes of CO2

Fish farms/ Salmon sillage,
pmcessim fish oil,

seed fish sludge
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Kemi- Tornio, Finland
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Courtesy of Digipolis, Finland.
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40+
networks
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Business benefits

Enhancing: Reducing costs &

* Sales risks for:
* Market & product * Inputs
diversification * Residue handling
* Operational efficiency * Operations
and stability * [ransport

» Compliance
e Stakeholder relations

* Innovation capabillities
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Soclo-economic benefits

mproved services at lower costs

* Improved environmental quality
* Jobs creation and retention

* |Increased tax base

e Economic resilience

* Place branding

e New sustainable investments and businesses

LINKOPING
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Murat Mirata II.“




Stimulating new business development

Operational Supportive

* Collection » New technologies/applications

* Processing * New services/workflows;

* Distribution * New services (platforms, knowledge, connections)

* [ransfer/storage * New business models;
$econova [0 ecoloop  ©biototal  RaeNRSELLS
7 i / O id"
7777 Factony Gasum ggainily 7, Renahav §) ectogrid
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Environmental benefits

r —

* Reduced need for primary resource extraction,
brocessing and transport

* Reduced waste and emission generation

e Reduced fossil-resource and increased

renewables usage
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S — circularity in production
iib“ '
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IUS takes circularity to next level

Sourcing .
Sourcing

Production :
Production

Product Chain A Product Chain B

Cconsumpt

on Logistics

Cconsumpt

on Logistics

Inspired by Rosado, Kalmykova, 2020
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Emerging iImportance of IS for Bio-based economies

Economies of Economies of

scope &
Scale networking ‘
Conventional fossil Bio-based
based businesses businesses
Industrial
symbiosis

Murat Mirata

® Reduced supply,
production & waste mat.
costs

® Access to more socially
acceptable feedstock;

® Diversification of
marketable products
and increased revenues.

® Collectively driving
regime change
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Industrial & Urban Symbiosis is an enabler

Business
competitiveness

Innovative collaborations

ggmn | Y Collaborative innovations

Sustainable

. Bio-based &
hlobased s s circular urban & rural

economy ; economy l\r CirCU|ar
A ¢) economies

development

-
______
......
........
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¥ Large potential to be harvested

MATERIAL B¢

RETAINING VALUE IN THE
SWEDISH MATERIALS SYSTEM

1.3 Bilion sEK (240/0)

ENGLISH
SUMMARY

Based on Material Economics, 2018

28 %

LOSS OF STEEL VALUE

Billion SEK
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Big opportunities remain to be harvested in the EU

Al

c 86 billion/year

ke

c |6 billion/years

|: Domenech et al., 2018.

2: Wheatcroft et al.,, 2020.
3: Calculated based on |5 €/kWh value for heat and without considering savings from primary energy purchase.

LINKOPING
UNIVERSITY

Murat Mirata



Self-organised Facilitated

Industrial and Urban Symbiosis
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Murat Mirata (PhD)

murat.mirata@liu.se
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