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Symbiotic industrial system 5‘ SHAREBOX
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= A synergistic industrial (eco-)system
* Less waste generation
* Less primary resources consumption
= Wealthier companies due to extra income and cost savings

»  Cost-effective reduction in resource use
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Linear industrial system " SHAREBOX
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Circular and symbiotic industrial system QSHAHER“)‘
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In reality: Kalundborg
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In reality: Kalundborg SHAHEBU)(

Energy Water Materials ==
1.Steam 6. Waste water 17. Waste
2. District heating 7. Cleaned waste water 18. Gypsum
3 Power to grid 8. Surface water 19.Fly ash
4. Warm condensate 9. Technical water 20. Sulphur
5. District heating 10. Used cooling water 21. Slurry
11. Deionized water 22. Bioethanol
Lake Tissa 12.Sea water 23.5and
KALUNDBORG — 13. Drain water 24. Sludge
SYMBIOSIS 2015 14. Tender water 25. C5/C6 Sugars
15. Process water 26. Lignin
Kalundborg Utility 16. Cleaned surface water Z :gt::r?orfvfgste
29. Biomass

Novo Nordisk & Novozymes
Land Owner’s Association
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Kalundborg
Municipality Alge Plant
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Challenges to the adoption of industrial symbiosis? 5‘ SHAHEB"’(
SECURE SHARING
= |nformation flow and knowledge of opportunities

» Lack of a secure platform including cross-sectorial
experience

» |nadequate resource information re.. contamination,
classification and resource availability

= |nitial effort needed for the implementation before the
cost benefit for companies
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Partners of SHAREBBOX Q SHAREBOX
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Research Technology and Market Actor Process Industries

Organisations Advisory SMEs DECHEMA and Industrial
UT, Univ Leeds, IRIS, ISL Clusters/Parks
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Key objectives of SHAREBOX Q SHAREBOX
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= Facilitating industrial symbiosis through ICT and data
intelligence

= To provide plant operations and production managers
with the robust, reliable and timely information they need
to effectively and confidently identify resource reuse
opportunities (for materials, energy, water) with other
companies in an optimum symbiotic eco-system.

= To identify new cross-sectorial synergies

= |mpact of SHAREBOX (phase 1, during project)
» Waste avoided: 137°000 tonnes

Virgin material use avoided: 593’000 tonnes

* CO, savings: 227000 tonnes

Cost savings: 10 million euro

www.sharebox-project.eu Copyright © sharebox Consortium



Transforming wastes to resources Q SHAREBOX
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» There are no wastes only resources
« Waste oil can be used as alternative fuel
« Wasterwater can be reused (in processes with low quality req.)
« Waste heat can be used in drying processes etc.

= HAVE and WANT after the first workshops

= HAVE = WANT
Bio-waste (fruit peel,¢ «  Sawmill dust and shavings
Packaging waste » Packaging waste
Waste copper « Waste oil

Waste (vegetable) oil
Waste batteries
Electronic waste

Paper, cardboard, wood
Wastewater

* Food waste

* Debris waste

* Metal waste

» Iron and steel scrap

Waste Heat * Pallets

Aluminium shavings © Water

Scrap metal « Construction waste
Waste solvents « Thermal energy
Natural mineral waste .

Fertilizer waste
Flat pallets 1
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LCA of industrial symbiosis: End of life Q SHAREBOX
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= The transformation of wastes to resources is an End-of-Life
process

= Open-loop recycling requires allocation of environmental
benefits

e 50:50 rule

* Avoided burden (100:0)
o Cut-off (0:100)

» System expansion

= The symbiotic system can be complex and include (a lot)
more than two partners

= How to quantify the benefits of the symbiotic system?
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Allocation of benefits ‘t SHAREBOX
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= System expansion allows the quantification of benefits of a
complex symbiotic system

Benefit:
System A System B Reduced material input
I
(non-symiotic) (symbiotic) rm— Reduced resource use

Reduced emissions
Reduced wastes
(System A — System B)

Re ces
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System boundary
|
1
|
1
|
1
savings savings
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Material input
Wastes

Emissions
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Transportation: tipping point ‘t SHAREBOX
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—

Reduced impact

—

Increased impac

Environmental benefit

—

Transport distance

—Environmental benefit due to industrial symbiosis

—Environmental impact due to transportation
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Geographic proximity NISP QSHAHEB“)‘
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= Travelled distances of shared resources facilitated by the
National Industrial Symbiosis Programme (NISP) in the UK (total
979)

= Half of synergies R e
completed within 34 km oo

. WEFE  —{}
= One-quarter of s s +— S
. . Foodstuffs inc. Oils IRl
synergies involved conostcts L
distances greater than ... =
64 km radlus W.oodprodu.cts P e
Composite packaging HI000]
= Some resources travel
over 320 km: e
_ Fuels | +— (I
« Textiles :
* Metals

Rubber

e Minerals

* Paper and card
. J tal (2011), in R , C ti dR li
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Hazardous wastes

All resources
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Tipping point: actual numbers QSHAHERM
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Production of diesel
(0.93 Liter)

W

Production and
combustion of diesel
(0.93 Liter)

Transport vegetable
oil (1 Liter)

® Transport (Median
distance, 33 km)

GHG emissions in kg CO,-eq
= N

+ Transport (Max

/ distance, 433km)
0
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= Example: use of waste vegetable oil instead of diesel

= Blue: emissions of the production of 0.93 liter diesel (excl. combustion)
= Yellow: emissions of the combustion of 0.93 liter diesel

= QOrange: emissions due to transportation of 1 liter waste vegetable oll
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Partners

SPIRE-06-2015 Energy and resource
management systems for improved
efficiency in the process industries

Grant Agreement no. .680843

Thanks for your attention!
René Itten
Research Group Life Cycle Assessment
ZHAW Institute of Natural Resource Sciences

itth@zhaw.ch, +4158 934 52 32

www.zhaw.ch/iunr/Ica
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