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System dynamics models



System dynamics

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

Any system(!)

Scope and level of detail totally up to the modeler

E.g., wolves and rabbits

Rabbit births Rabbits Rabbit deaths

Rabbit -
density rabbit kills
per wolf
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System dynamics

* E.g., wolves and rabbits
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System dynamics

* E.g., wolves and rabbits
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System dynamics and environmental modeling

* Forrester et al. 1970’s: a model of the entire world
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System dynamics and environmental modeling

* Forrester et al. 1970’s: a model of the entire world

Abb. TB: Die Aobuakicoa fic Formasters onstas Weltrmadall.

populationz -
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System dynamics and environmental modeling

Forrester et al. 1970’s: a model of the entire world
* Quite well able to reflect sustainability

« Data demand not necessary high (in quantity):
“population” ...

 ..butdemanding in quality: system behavior and
“results” depend a lot on whether the population
reproduction rate is 1.0 or 1.01 (e.g.)
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Nine Sustainability Decision Situations
over the life cycle
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

a is clearly better

a has recycling

a has a longer life time

a is substituted by another product
a has one less step in the life cycle
a contains toxic substances

a has littering

a has an upscaled production

O oo~N OVUVT D W N =

a has a learning curve
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A generic system dynamics model for these questions
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A generic system dynamics model for these questions

cgreenbDelLTa



Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

1 a is clearly better
(e.g., all impact factors for a are only 75% of the ones for b)

overall impact
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

2 ahasrecycling
—> set recycling-rate and recycling related impacts random
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

2 ahasrecycling
—> set recycling-rate and recycling related impacts random

overall impacts (x), parameter values (y)
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

2 ahasrecycling
—> set recycling-rate and recycling related impacts random

overall impacts (x), parameter values (y)

12 If impact for recycling (r2pi, ezri) is
1 . higher than virgin production impact (vpi), ...
0,8 . . .
o |[—— ... overall impact is higher

0,6 I o
0,4
02 ...and vice versa
0 e o

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5

®r2pi @e2ri ®recyclingshare @ vpf @ vpi
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

3 ahasalonger lifetime
- has effect on production effort, eol effort

If impact for recycling (r2pi, ezri) is
higher than virgin production impact (vpi), ...

... overall impact is higher

... and vice versa
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Nine Sustainability Decision Situations

over the life cycle, comparison of two products a, b

12
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

5  ahasoneless stepin the life cycle (ceteri paribus)

impact
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

7  ahaslittering = Use and end of life
- contribute to litter; litter
oéﬁ E has a decay rate that
wwwwwww depends on litter life time
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Nine Sustainability Decision Situations
over the life cycle, comparison of two products a, b

8 ahasan upscaled production Drastically upscaled

production leads to
exponential increase of
impacts and to “depletion
of resilience”
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System dynamic models to better address sustainability
decision situations over the life cycle —

why better address?
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What are advantages of system dynamics models in
sustainability assessment?

1) They use a top down approach that uses system information. LCA does not do that.
2) Attention to system structure helps to focus on points that matter

3) Many real-world life cycle structures can directly be modeled in system dynamics models.
Including absolute sustainability questions and developments over time

4) Level of detail is very flexible, in contrast to LCA (world model from 1970’s)
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An example from the STOPP project



An example from the STOPP project: food plastic one way or

reuse

https://stopp-project.eu/

L

@)stopp

Funded by the European Union. Views and
opinions expressed are, however, those of the
- author(s) only and do not necessarily reflect
those of the European Union or REA. Neither the
Furedad by

ihe Eurcpean peicn - EUTNOPEan Union nor REA can be held responsible
for them.

(@8

Sector 1

SU = Single-use

RE > Re-usable
owner > restaurant/
factory

user > end user, client

SU packaging
produced

6

demand for
packaging

demand for
reusable
products

SU packaging

% reusable
packaging
used

D

consumption by SU
Fossil fuels =
\J“—-__________/

consumption by RE

RE packag@g produced

SU sale

W
RE sale

RE packaging

SU use

EoLRE

EolL SU

I
ZN

e N ;‘5={>

T
RE use Packaging at user RE EoLrate

return rate

N~

e
clean RE packaging

deliverz rate \J:> At wash

time to wash




Next steps



Next steps

1) Discuss, write a publication
2) Refine concepts on model validation, and disseminate

3) LCA of course still has a place, in future, as well-established, simple, linear and yet also time
and data consuming method -> seek and refine a smart combination

4) Software is an issue for SD modeling, for the combination but also stand-alone

—> Develop an openlLCA version that allows System Dynamics calculation, currently ongoing
(Treasource EU project, Alexander Koch presentation)
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Next steps

—> Develop an openlLCA version that allows System Dynamics calculation, currently ongoing
(Treasource EU project, Alexander Koch presentation)

@ openlCA 2.5.1.5NAPSHOT - ilib2

File Database Tools Help

A D08 @
- Navigation & & =8
» B Others
= ecoinvent 3.11 Cutoff Unit-Processes 20
-

= ecoinvent v3.10 Cutoff Unit-Processes 2
= ecoinvent_391_en15804gd_upr_n2_20231
= EF_3_1_gap_met_pic_folder_P5_UP_alloc
= epd-tests
= hestia-tests
w = jlib2
B Projects
> I Product systems
> I Processes
> [l Flows
B EPDs
0 Results
> 8 Indicators and parameters
» iii Background data
> I Libraries
~ [ System dynamics models
[
= regio-check
> I Libraries
» B Scripts
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A Welcome 4¥ | System Dynamics Model <» | System Dynamics Result = 08

Simulation results: Environment

+ General information

Model Environment

Mumber of variables  Stocks: 10, Rates: 12, Auwe 20

lterations 961

i@ Export results...

+ MNumeric variables

Variable Finished\nGoods

375.897
350

200 -

250
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GreenbeLTta

sustainability consulting + software

Thank you very much!
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