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Sustainability assessments today

Virgin plastics

(@ £] RER - polyethylene production, ... @]

(@4

RER - chemical factory constructi...

(@3]

GLO - market for chemical, inorg...

(@&

GLO - market for chemical, organ...

(@&

GLO - market for chromium trioxi...

(@4

RER - market for compressed air....

(@4

RER - market group for electricit...

(@&

RER - market for ethylene | ethyl...

(@8]

RER - market for heat, from stea...

(@2

RER - market for hydrogen, gase...

(® &

Europe without Switzerland - ma...

(@4

CH - market for natural gas, high...

(® 3]

RER - market for nitrogen, liqui

(@4

RER - market for propylene | pro...

(@&

GLO - market for solvent, organic...

(@3]

GLO - market for titanium tetrach...

@@@@@@@@@@QQ\@\T?
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22 chemical factory, org... 4.00E-10 Item(s)
22 chemical, inorganic 2.48E-4 kg
% chemical, organic 2.17E-2 kg
3 chromium trioxide, fl...  1.48E-4 kg

£ compressed air, 600 ... 6.58E-2 m3
3 electricity, medium v... 0.43 kwh
1 ethylene 1.00 kg
€1 heat, from steam, in ... 112 M)
% hydrogen, gaseous, .. 2.43E-4 kg
1 natural gas, high pre..  3.38E-3 m3
£ natural gas, high pre.. 2.26E-5 m3
% nitrogen, liquid 0.10 kg
1 propylene 2.01E-5 kg
1 solvent, organic 6.22E-3 kg

£ titanium tetrachloride  2.85E-5 kg

1 polyethylene, high densi... 1.00 kg
[l hazardous waste, for incin... 1.39E-5 kg
[l hazardous waste, for incin... 5.33E-4 kg

[l spent solvent mixture 9.70E-6 kg
[T spent solvent mixture 3.74E-4 kg
[l waste plastic, mixture 1.28E-3 kg
[ wastewater, average 6.72E-4 m3
m wastewater, average 1.69E-5 m3
[ wastewater, unpolluted 1.84E-2 m3

I &] HDPE primary

1 polyethylene, high density, ... f& 0.00 t

£ HDPE primary

1.00 Item(s)
S

Recycled plastics

(@ &) RER - pelletising of polyethylen... @]

[@ &) RER - market group for electricit... @)/> @2 electricity, low voltage 0.51 kWh
)—/’ ¢ polyethylene, high de... 1.08 kg
[@ &) RER - market for polyethylene, hi.. ©) %2 tap water 4.15E-4 kg

% waste preparation faci.. 2.17E-9 Item(s)
[@ o'-J RER - market group for tap wate... @/ prep

[@ &) GLO - market for waste preparati... ®

5t polyethylene, high densi... 1.00 kg
[l waste plastic, mixture 8.29E-2 kg

[ wastewater from PET pell.  4.15E-7 m3

[@ O‘-.l RER - market for transport, freigh... @

[@ O'-.[ RER - market group for transport... ®

TREASoURCcE

(@ &] RER - market for polyethylene, ... @]

1 polyethylene, high density, .. 1.00 kg
Gy transport, freight, lorry, dies.. 047 t*km

Gy transport, freight, train, fleet.. 031 t*km

%t polyethylene, high density, ... 1.00 kg /
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Comparing alternatives for establishing preferences
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Sustainability assessments: Thresholds?
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Biosphere Climate change

integrity

CO2 Radiative
concentration forcing
Genetic

Novel entities

Functional

Land system
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Safe operating Zone of increasing risk High risk
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Does my solution operate within
planetary boundaries?



Sustainability assessments: Extended system view? TREASOURGE

Infrastructure
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Regulatory framework

I

-

(@ &) RER-

market group for electricit...

(® &) Rrer-

market for polyethylene, hi...

(® &) Rer-

market group for tap wate...

(® & clo-

market for waste preparati...

®

\_

@)—/’ 5t electricity, low voltage 0.51 kWh

)_/ 1 polyethylene, high de.. 1.08 kg
S) 1 tap water 4.15E-4 kg

@))f 2 waste preparation faci.. 2.17E-9 Item(s) (@ 5] RER - market for polyethylene, .. @] +—
%1 polyethylene, high densi... 100 kg ———— @& polyethylene, high density, .. 1.00 kg
[il waste plastic, mixture 8.29E-2 kg 2 transport, freight, lorry, dies.. 0.47 tkm
[l wastewater from PET pell.. 41587 m3 81 transport, freight, train, fleet.. 0.31 t*km
[@ &) RER - market for transport, freigh.. ® /

Recycling plastics \

(@ @) RER - pelletising of polyethylen... @]

— Market & consumer

&1 polyethylene, high density, ... 1.00 kg
[@ al RER - market group for transport... ©) /

If

Technology Does my solution perform well from a

sustainability perspective when considering
the context? Is it suitable?



Sustainability assessments: Prospective view? TREASOURCE

Regulatory framework

If

/ Recycling plastics \

((© 51 ReR - pelletising of polyethylen.. ®)

(® 5] ReR - market group for electricit. @F———" & electricity, lowvoltage  0.51 kWh

)/* & polyethylene, high de. 1.08 kg
(® %] RER - market for polyethylene, hi.. ©), B tap water 4156-4 kg

e 3 waste preparation faci.. 2.17E-9 Item(s)
— (® 8] RER - market group for tap wate... @/
Infrastructure

<

(® 8] GLO - market for waste preparati.. @)

@1 polyethylene, high densi.. 100 kg
[ waste plastic, mixture 8.29E-2 kg
M wastewater from PET pell.. 4.15E-7 m3

(® &1 ReR - market for transport, freigh.._ @)

\ C@ @) RER - market group for transport.. @&

([© & ReR- market for polyethylene, . ©))

[/ @ polyethylene, high density,.. 1.00 kg

&3 transport, freight, lorry, dies.. 0.47 t*km

@ transport, freight, train, fleet... 031 tkm

\L’Zﬁ polyethylene, high density, ... 1.00 kg /

If

Technology
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— Market & consumer

Does my solution perform well over time?



TREASoOURCE TREASOURGE

Systemic Circular Economy Solutions

Key Value Chain Demonstrations

e e~-0

Circular plastics Circular batteries  Circular biobased Stakeholder
side and waste Engagement
streams Demonstrations

« The TREASOURCE project is demonstrating and replicating circular economy solutions for 3 key
value chains (plastics, batteries, biomass) in selected regions and municipalities

» A context-based sustainability assessment approach is needed
» This will allow localized decision-making for sustainable solutions

Funded by
the European Union 9



Framework & Toolset

S

System dynamics

+

OoPENLCa

./

System dynamics model

o@ca LCA
open

irvent 3.11 CutoM Uit Pracesses

£ HOPE seccmd 8 polyetiyien T platic_sub

Simulation results: platic_sub_7.1_final
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Context-specific sustainability
assessment of different scenarios over
time

Global ¥Warming Potential (HDPE)

G0k
30k
Q
a0 1.3 17Aa 238 30,0
Years
—— Base Case
—— Technological development & investment
—— Gov. support & societal shift
——— Enforcing recycling rates



Case 1: Chemical recycling of plastics TREASOURGE

System: Chemical recycling in Gothenburg, Sweden

r

\
Plastic 1 _ _ — Pyrolysis oil «----- » Naphtha
L Plastic 2 — Chemical recycling
Plastic disposal +----- > : plant
.. _> 1P e — — — — — .
Plastic x —> Recycled plastic <« * Other plastics
. J/
Results Insights
4 N\ . o _ )
1200000 » Chemical recycling is not necessarily better when
—BAU ideri ;
< M\ : considering the wider system
S 1000000 —CR
b / —E‘\ « Competes with mechanical recycling, resulting in a
7 800000 rebound effect, as more virgin additives are needed
g
.= 600000 4 « Virgin plastic demand is predicted to increase steadily
o0
5 400000 » Prices and quality are main factors influencing
g \X \ substitutability
& 200000
- ; \\ « Improvements only with additional strategies, such as
) . 0 - - o . technological development or raising consumer
Years awareness
- AN J
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Case 2: 2nd life EV batteries

System: 2nd life EV batteries as energy storage systems in Oslo, Norway

TREASoURCcE
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EV battery recycling «----- >

EV Battery 1 ——>
EV Battery 2 —

EV Battery x —

2nd life EV energy
storage systems

-
-

—— Electricity €«_

~

-

-V

1st life energy
storage systems

“>a Electricity mix

Results

Insights
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Relative impacts of primary vs repurposed battery (per 1
kWh capacity)

Climate change Ecotoxicity:

Humanl \\\\\ ty Hmanl [y Lar
freshwater ci

Ml | Pl|lmll
nnnnnn

ren wabl me l ls/mm ral

® Primary ESS Li-ion NMC battery import Repurposed EV NMC battery

BEV Li-ion NMC battery import

[

The impacts associated with the battery value chain in the
region were found to be driven primarily by 1st life BESS

Repurposed batteries provide impact reduction

The battery repurposing was found to be limited by the
supply of EoL EV batteries in the first 12 years of
simulation and then restricted by repurposing capacity

Hydropower in Norway already provides low emission and
flexible energy supply

Energy storage systems mainly make sense for peak
shaving activities
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Case 3: Bio-based side and waste streams TREASoURCE

System: Bio-based side and waste streams for biogas production in Hameenkyrd, Finland

Feedstock 1 — _-v Natural gas
. L Feedstock 2 —> _ . -
Field application <----- > : Biogas plant —> Biogas €__
Feedstock x ——* T Electricity mix
Results Insights
4 N\ [ )

» Benefits of biogas production dereases over time as the

0 » Avoided manure field applications lead to negative net
r impacts
-50

)

g

U - - -

¢ -100 electricity mix becomes more renewable

0@

% S _150  Region found to have high amounts of manure, which is
= f, a feedstock with high biogas potential

L5

gg 200  Infrastructure and market price are decisive factors that
o8 280 influence the buyer-seller relationship for bio-based side
z and waste streams

=

= -300

(@)

Mono-AD FW-CoAD Grass-CoAD Grass Gasf

/
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Outlook: Decision-making support TREASoURGE

« Extending sustainability assessments with system dynamics provides deeper insights into the
behavior of a broader system linked to certain product systems.

» This further supports city and regional level decision-making.

* Including planetary boundaries helps understand how to stabilize local ecosystems.

* The prospective view shows how solutions perform under changing conditions over time.
* A wider system view reduces the risk of decisions that lead to unintended, indirect effects.

» Understanding system forces makes it possible to identify and explore conditions that leverage
sustainable solutions.
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Thank youl!

Alexander Koch, GreenDelta
koch@greendelta.com
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