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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
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RER - market for propylene | pro...

(@&

GLO - market for solvent, organic...
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GLO - market for titanium tetrach...
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22 chemical factory, org... 4.00E-10 Item(s)
22 chemical, inorganic 2.48E-4 kg
2.17E-2 kg

3 chromium trioxide, fl...  1.48E-4 kg

% chemical, organic

£ 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

VS.

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... ®

(@ &] 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?

Biosphere Climate change

integrity

CO2 Radiative
concentration forcing
Genetic

Novel entities

Functional

Land system

Stratospheric ozone
change

depletion
%en\ \
\ Atmospheric
Freshwater Blue ¥/ \ aerosol loading
change
Ocean
Biogeochemical acidification
flows

Boundary transgressed R

Safe operating Zone of increasing risk High risk
space zone

Does my solution operate within

planetary boundaries?
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Sustainability assessments: Extended system view?

Infrastructure

—>
4—

Regulatory framework

I

-

(@ &) RER-

market group for electricit...

(® &) Rrer-

market for polyethylene, hi...

(® &) Rer-

market group for tap wate...

(® & clo-

market for waste preparati...

oF—*

@)_/ ] tap water

@/ 51 waste preparation faci.. 2.17E-9 Item(s)
@/

\_

Recycling plastics

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

5t electricity, low voltage 0.51 kWh
1 polyethylene, high de.. 1.08 kg

4.15E-4 kg

%1 polyethylene, high densi... 1.00 kg

[l waste plastic, mixture 8.29E-2 kg

[l wastewater from PET pell..  4.15E-7 m3

[@ &) RER - market for transport, freigh.. ®

[@ al RER - market group for transport... ©)

~

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

21 polyethylene, high density, .. 1.00 kg
] transport, freight, lorry, dies.. 0.47 t*km
81 transport, freight, train, fleet.. 0.31 t*km

&1 polyethylene, high density, ... 1.00 kg /

/

If

Technology

—>

— Market & consumer

Does my solution perform well from a
sustainability perspective when considering
the context? Is it suitable?



Sustainability assessments: Prospective view?

Regulatory framework

i
/ Recycling plastics \

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

@ &) RER - market group for electricit.. @f——>| & electicity, lowvoltage 051 kWh

)/O 8 polyethylene, high de. 1.08 kg

® &] RER - market for polyethylene, hi.. ©) @ tap water 415E-4 kg
- ‘ ’ — Market & consumer
Infrastructure <—> | (@8 ReR matetgrowpfortpuate. @))7' T SR [©.8 rer - marketor poiyethyiene,.._O) “

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

4 polyethylene, high densi.. 100 kg [———— & polyethylene, high density, .. 1.00 kg
[ waste plastic, mixture 829-2 kg £ transport, freight, lorry, dies.. 0.47 t'km
[ wastewater from PET pell.. 4.15E-7 m3 %1 transport, freight, train, fleet.. 031 t'km

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

1 polyethylene, high density, ... 1.00 kg
(® 8] RER - market group for transport.. @ - /

Technology

Does my solution perform well over time?
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Opportunities

Sustainability assessments require:

» Consideration of planetary boundaries
* Prospective view

* Life cycle as part of wider systems

This will allow:
* For localized and dynamic decision-making! Considering the trade-offs
* More inclusive, effective, and feasible strategies




System dynamics in openLCA




System dynamics

ldea: modeling a system as a
combination of stocks and flow
rates

Simulate results over time
Any system

Scope and level of detail totally
up to the modeler
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Approach

System dynamics

7\
OPENLCa

-/

System dynamics model

or=€r-1\Lca LCA
Enk open

311 Cutof it Pracesses - u x

£k HOPE second 8] polyetyien T plasc_sub..

Simulation results: platic_sub_7.1_final

1 firal
Varisbles  Stocks: 5, Rates: 10, fuse 52
hentions 2

@ Export resubt.

tCO2 eq.

System dynamics sustainability

assessments

Global ¥Warming Potential (HDPE)

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

biomassesireasource0414
nvent 3,12 Cutoff Unit 2025-12-19
ecoinvent_TREASoURCE

SOCA-ccoinvent 3.11 Cutoff Unit-Processes

IREASOURCE biomass_Thesis

-]

TREASoURCE_ecoinvent v3,10.1 Cutoff Unit-f

invent_391_cutoff_upr_n2




System dynamics in openLCA

Current development

Manage and run SD models following the XMILE standard
Basic functionalities (stocks, flows, auxiliaries) and arrays
Graphical view of SD models

Most important built-in functions

Link product systems and bind parameters

Run coupled simulations

Result visualization of SD variables and LCIA results

Excel export of results



Next steps

 Graphical editing and a better openLCA integration of SD models

v 50CA-ecoinvent 3.11 Cutoff Unit-Processes
> @ Projects
> @ Product systems
> M Processes
> I Flows "
M EPDs
Results

{+ New system dynamics model {+ TREASOURCE - Plastic substitution model v5 - with KVC

] ]
export rate |

© Add.. >

> @ Indicators and parameters © Add . Add stock Edit primary export

> iii Background data g *  Delete Ei

rate
>| System dynamics chd“"I -
= TREASoURCE_ ecoinvent ©  New model Add auwdliary 1

Add product syst primary prod.. lastic offere
= TREASOURCE_BAFU-2025. (* Import model procuct system .. (Blastic produ< ==

 Faster calculations
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Thank you!
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