Workshop ISA | 13 December 2024

What methods and tools to integrate the practices
and uses 1in the equation of a sustainable mobility?

PhD Candidate PhD funded by
Laetitia BORNES | ENAC & ISAE-SUPAERO Fédération de recherche ONERA - ENAC - ISAE SUPAERO

Supervised by |Sae ;‘( IS\

Catherine LETONDAL | ENAC
| ENAC

Rob VINGERHOEDS | ISAE-SUPAERO SUPAERO




Multidisciplinary thesis

HUMAN
COMPUTER DESIGN
INTERACTION

ENAC

itut rieur de 'Aéronautique et de I'Espace

SYSTEMS
ENGINEERING

Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024
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Context & motivation

The planetary situation is alarming

CLIMATE NOVEL
CHANGE ENTITIES

BIOSPHERE STRATOSPHERIC
INTEGRITY 0ZONE
DELETION
B SAFE -
OPERATING
LAND-SYSTEM =tles ATMOSPHERIC
CHANGE AEROSOL
LOADING
-7 / s N
J S
/ \
FRESHWATER / \ 0CEAN
CHANGE / \ ACIDIFICATION
/ \
BIOGEOCHEMICAL
FLOWS

The planetary boundaries framework.
Inspired from: Azote for Stockholm Resilience Centre, Stockholm University. Based on Richardson et al. 2023.
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Context & motivation

Urgent action is needed, but it's far from simple..
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Context & motivation

Urgent action is needed, but it's far from simple..

techno-solutionist approaches

used so far do not work
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Context & motivation

Urgent action is needed, but it's far from simple..

techno-solutionist approaches

used so far do not work

optimising car engines

4

increasing overall
fuel consumption
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Context & motivation

Urgent action is needed, but it's far from simple..

techno-solutionist approaches

used so far do not work

optimising car engines batteries production

: 2 J
increasing overall socio-environmental
fuel consumption impacts due to mining
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Context & motivation

Urgent action is needed, but it's far from simple..

techno-solutionist approaches

used so far do not work

optimising car engines batteries production

: 2 J
increasing overall socio-environmental
fuel consumption impacts due to mining

Faced with this urgent and complex situation, what can digital designers do?
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Context & motivation

Sustainable HCI*, ICT* and SE*

*HCI: Human-Computer Interaction *ICT: Information and Communication Technology *SE: Systems Engineering
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Context & motivation

Sustainable HCI*, ICT* and SE*

‘sustainability and unsustainability are conditions
of a “system as a whole”’

[Knowles et al., 2018]

*HCI: Human-Computer Interaction *ICT: Information and Communication Technology *SE: Systems Engineering
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Context & motivation

Sustainable HCI*, ICT* and SE*

‘sustainability and unsustainability are conditions T !magining hew ways of living
* interactions between sectors

o ” )
of a “system as a whole * different time scales

[Knowles et al., 2018] * all socio-environmental impacts

*HCI: Human-Computer Interaction *ICT: Information and Communication Technology *SE: Systems Engineering
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Context & motivation

Sustainable HCI*, ICT* and SE*

‘sustainability and unsustainability are conditions T !magining hew ways of living
* interactions between sectors

o ” )
of a “system as a whole * different time scales

[Knowles et al., 2018] * all socio-environmental impacts

‘it has often fallen short on practical advice and on suitable
techniques that are concrete enough to be actionable’

[Raghavan & Pargman, 2017] quoted in [Bremer et al., 2022]

*HCI: Human-Computer Interaction *ICT: Information and Communication Technology *SE: Systems Engineering

decision-making process | December 2024
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Context & motivation

Sustainable HCI*, ICT* and SE*

‘sustainability and unsustainability are conditions T !magining hew ways of living
* interactions between sectors

o ” )
of a “system as a whole * different time scales

[Knowles et al., 2018] * all socio-environmental impacts

‘it has often fallen short on practical advice and on suitable
techniques that are concrete enough to be actionable’

[Raghavan & Pargman, 2017] quoted in [Bremer et al., 2022]

Could designers take a practical approach to such a huge problem

without being reductive?

*HCI: Human-Computer Interaction *ICT: Information and Communication Technology *SE: Systems Engineering

Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



Vinted | Second hand resale platform Vaayu study on Vinted avoided emissions

On average, shopping for
second-hand fashion on
Vinted instead of buying
new demonstrated an
emissions saving of

?

Avoided emissions = 453 ktCO2eq
(1.8kgCO2eq per purchase)

clothing was avoided

Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021
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Context & motivation

What is behind this calculation?

Consequential approach
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Context & motivation

What is behind this calculation?

BUYERS

If Vinted didn’t exist, you would have bought this item...
(@) brand new

JA | (b) second hand (elsewhere)
e""«’g ) (c) no, I was just browsing...
w7
oeg(\ e
e
“_ﬁ\&e e SELLERS
”
”

If Vinted didn’t exist, you would have...

(@) sold this item elsewhere

(b) given this item to charities

(c) thrown it..

CO nse q vent 1a'L a p p roa Ch Consequential LCA based on a 350,000 Vinted users survey
Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021.

Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



Context & motivation

What is behind this calculation?

BUYERS

If Vinted didn’t exist, you would have bought this item...
(@) brand new

Jotae (b) second hand (elsewhere)

(c) no, I was just browsing...

SELLERS

If Vinted didn’t exist, you would have...

(@) sold this item elsewhere
(b) given this item to charities

(c) thrown it..

CO nse q vent 1a'L a p p roa Ch Consequential LCA based on a 350,000 Vinted users survey
Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021.
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Context & motivation

Some direct and indirect effects of Vinted

DIRECT IMPACTS

Carbon emissions and pollutions due to parcel delivery and operations

ENABLEMENTS

Avoided impacts due to people buying second-hand instead of new items

QUANTIFIABLE REBOUND EFFECTS

Additional impacts due to impulse buys while scrolling on the platform

Additional impacts due to sellers buying things with money from sales

UNQUANTIFIABLE REBOUND EFFECTS

Decline in charities’ social activities due to a drop in donations

Shift in sellers’ behaviours towards “consu-merchant” practices

E. Juge, “La fabrique des conso-marchands: une approche par les dispositifs sociotechniques dans le contexte de la consommation collaborative,” Ph.D. dissertation, Univ. of Lille, 2018.
Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021.
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Context & motivation

Some direct and indirect effects of Vinted

DIRECT IMPACTS

Carbon emissions and pollutions due to parcel delivery and operations

Considered in
ENABLEMENTS

Vinted study

Avoided impacts due to people buying second-hand instead of new items

A

QUANTIFIABLE REBOUND EFFECTS
Partially
Additional impacts due to impulse buys while scrolling on the platform considered in

Vinted study

Additional impacts due to sellers buying things with money from sales

UNQUANTIFIABLE REBOUND EFFECTS

> Not considered

Decline in charities’ social activities due to a drop in donations in Vinted study

Shift in sellers’ behaviours towards “consu-merchant” practices

J

E. Juge, “La fabrique des conso-marchands: une approche par les dispositifs sociotechniques dans le contexte de la consommation collaborative,” Ph.D. dissertation, Univ. of Lille, 2018.
Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021.
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Context & motivation

— it is complex to intervene in a sociotechnical system &
achieve positive socioenvironmental impacts

— the figure produced by the Vinted report does not help
designers to improve the impacts

E. Juge, “La fabrique des conso-marchands: une approche par les dispositifs sociotechniques dans le contexte de la consommation collaborative,” Ph.D. dissertation, Univ. of Lille, 2018.
Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021.
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Question & approach

How might designers be empowered with
practical methods and tools to thoughtfully consider the
indirect and rebound effects of their interventions

throughout the design process?
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Question & approach

Environmental decision-making levels

Decision makers

Scale of decision

Type of decision

Example in the context of Vinted practical case

Consumer

Designer

Organizational
decision maker

Investor /
shareholder
(public / private)

Political decision
maker

Product / service

Product / service

Organization
portfolio

Investment portfolio

Society / market

Purchase / use

Product / service
design

Strategy design

Investment

Policy design
(regulations,
incentives, etc.)

Deciding whether to buy/sell or not on the Vinted platform
based on the environmental and social impacts of this service.

Identifying product design levers to mitigate direct and
indirect effects, comparing scenarios, defining a strategy.

Deciding to adapt the business model to reduce
environmental and social impacts while maintaining the
viability of the company. Investing more in products from the
portfolio with the best impact.

Deciding whether to invest or not in Vinted to green the
investment portfolio.

Introducing regulatory mechanisms for companies or
consumers to create conditions that enable a reduction in the
environmental and social impacts of the clothing sector
(regulations, taxes, information, quotas, tax reductions, etc.).

Ekchajzer, D., Bornes, L., Combaz, J,, Letondal, C., & Vingerhoeds, R. (2024, June). Decision-making under environmental complexity: the need for moving from
avoided impacts of ICT solutions to systems thinking approaches. In 2024 International Conference on ICT for Sustainability (ICT4S).
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Question & approach

Environmental decision-making levels

Decision makers

Scale of decision

Type of decision

Example in the context of Vinted practical case

Consumer

Designer

Organizational
decision maker

Investor /
shareholder
(public / private)

Political decision
maker

Product / service

Product / service

Organization
portfolio

Investment portfolio

Society / market

Purchase / use

Product / service
design

Strategy design

Investment

Policy design
(regulations,
incentives, etc.)

Deciding whether to buy/sell or not on the Vinted platform
based on the environmental and social impacts of this service.

Identifying product design levers to mitigate direct and
indirect effects, comparing scenarios, defining a strategy.

Deciding to adapt the business model to reduce
environmental and social impacts while maintaining the
viability of the company. Investing more in products from the
portfolio with the best impact.

Deciding whether to invest or not in Vinted to green the
investment portfolio.

Introducing regulatory mechanisms for companies or
consumers to create conditions that enable a reduction in the
environmental and social impacts of the clothing sector
(regulations, taxes, information, quotas, tax reductions, etc.).

Ekchajzer, D., Bornes, L., Combaz, J,, Letondal, C., & Vingerhoeds, R. (2024, June). Decision-making under environmental complexity: the need for moving from
avoided impacts of ICT solutions to systems thinking approaches. In 2024 International Conference on ICT for Sustainability (ICT4S).
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Question & approach

Main research question

How might designers and decision-makers be empowered with
practical methods and tools to thoughtfully consider the
indirect and rebound effects of their interventions

throughout the design and decision-making process?
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Question & approach

Research approach

“Systemic modelling methodology”

a methodology to help designers tackle rebound effects

How might designers and decision-makers be empowered with
practical methods and tools to thoughtfully consider the
indirect and rebound effects of their interventions

throughout the design and decision-making process?

Exploratory approach

constructivist-interpretive, based on action-research,
research through design, and case study methodology
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Question & approach

Designing a methodology.. 1ike a recipe
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Question & approach

Designing a methodology.. 1ike a recipe
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Question & approach

Systems thinking

interdisciplinary

research field and world-view
opposed to reductionism
importance of interactions within a
system, non-linear behaviours, and
emergence phenomena.

Systemic design

SYSTEMS SYSTEMIC DESIGN
THINKING DESIGN METHODS

Design methods

non-linear, iterative process
understand users, challenge
assumptions, redefine problems and
create innovative solutions that are
prototyped and tested

tackling problems that are ill-defined.

Systemic design

emerging interdisciplinary field of research

to address complex, multiscale problems

at the social and sociotechnical level

with practical methods and tools

Relating Systems Thinking and Design (RSD) conference
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Systemic modelling methodology



Systemic modelling methodology

Steps of the systemic modelling methodology

- inspired from Group Model Building -

build a team and build a qualitative build a quantitative , compare scenarios

—_—) —_—

define a scope overview of the situation dynamic model through simulation
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Systemic modelling methodology

Steps of the systemic modelling methodology

- inspired from Group Model Building -

1 2 3 4

build a team and build a qualitative R build a quantitative , compare scenarios
define a scope overview of the situation dynamic model through simulation
* share a common vision * understand the e compare the potential
* including non-quantifiable magnitude of direct impacts of different
indirect effects and indirect effects design strategies

* identify levers for action

ia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



Systemic modelling methodology

1. Requisite variety

“getting the whole system in the room”

[Jones, 2014]

build a team and build a qualitative build a quantitative , compare scenarios

—_—) ——

define a scope overview of the situation dynamic model through simulation
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Systemic modelling methodology

1. Requisite variety

“getting the whole system in the room”

[Jones, 2014]
build a team and R build a qualitative build a quantitative
define a scope overview of the situation dynamic model
e.g. designers, decision- could help to build a more complete

makers. academics picture and reduce the bias/risk of misuse

policy-makers, and
citizens

compare scenarios
through simulation

diverse interests
represented
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Systemic modelling methodology

2. Qualitative overview - Causal
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Systemic modelling methodology

Qualitative overview - Causal loop

total number
of users

percent of budget for
"professionalized" advertisement
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Systemic modelling methodology
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram

total number
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percent of budget for
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+ number of clothes * + . .
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number of clothes service and features
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram

popularity of \
charities +
+ number of clothes
donated to charities =
number of clothes
/ on the platform

budget for charities

+
A mm==) B
the more, the more
+ the less, the less

social solidarity actions A === B

the more, the less
the less, the more
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram

z N

life span quality of clothing
of the clothes on the market
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clothes sold number of fast fashion

‘ N + clothes produced
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N
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money reinvested in from sales money reinvested

second-hand clothes LN + in new clothes
u

distance travelled

by the clothes g
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+

amount of
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Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



Systemic modelling methodology

2. Qualitative overview - Causal loop diagram

z N

life span quality of clothing
of the clothes on the market

number of fast fashion
clothes sold number of fast fashion

‘ N + clothes produced

workers' conditions

number of second-hand
clothes sold

N

. . money earned .
money reinvested in from sales money reinvested

second-hand clothes LN + in new clothes
u
distance travelled
: - 4 by the clothes g
Y L additional CO2 emissions

Allow users to
filter and sort
results by
distance

+

amount of
clothing-related waste
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram
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‘ N + clothes produced
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram
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Systemic modelling methodology

2. Qualitative overview - Causal loop diagram

— can help identify levers for action
— different levels

-+ design of the platform,
-+ design of the service,
-+ pules of use,

-+ business model..

X no orders of magnitude

X no comparison of different interventions
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Systemic modelling methodology

3. Quantitative dynamic model - Magnitude modelling tool

@) SNAPSHOT

B save ® Loap (® SIMULATION | STEPS 100
Sales/month
(@D} 260 (e
ivenes D
LeD)
- .
Average distance @)
-

Delay-a

—(
_— ( Replacement @)= [)@—( sccond-hand @)— e~
shele Y 0.0
100
o o (rpie Gt G o—sley ot 002 (ons)
operATORS 7z :
ot O+t
7z
(————fp( Reinvested elsewr.
\_‘
Reinvest(
P Share of "avoided" donations ®) -1937.5
* 100
: Loss of revenue for charities €
H Total loss
9240.0
Lrs boutique +2% @ N
-----
t=0s

https:/lii.enac.fr/fprojects/magnitude/ (interaction with smala (http://smala.io) & calculations in C++)

Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024


https://lii.enac.fr/projects/magnitude/
http://smala.io

Systemic modelling methodology

3. Quantitative dynamic model

B save ® Loap

(® SIMULATION | STEPS 100

Average distance @

o)

lay:a

Total distance/month @,

Magnitude modelling tool

(8] SNAPSHOT

Sales/month

(replacement @)= #g)@—(_second-hand @)— [Je—+ 00

100
/—o ._.- NN o Total CO2 (ktons)
fn—d _—
f .*» Reinvested elsew . -
— a graphical interface for non-expert users \ m\_‘

i s . . -19375

— making the assumptions open to discussion o o
Total loss
9240.0
Magnitude modelling tool

DK | > |M —

https:/lii.enac.fr/fprojects/magnitude/ (interaction with smala (http://smala.io) & calculations in C++)
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@ sAvE (7 oPEN (® SIMULATION | STEPS 100 [®) SNAPSHOT

@

EXTERNAL

LED)

VARIABLE
|® Attractiveness for sellers
STOCK
"
>.
<
MULTIBOX

(e O+ Coeersrons OG0
TRANSFOR.

Avoided emission (prod) @)

[+

OPERATOR

(i @b o0

Additional emissions (prod

Reinvested in new @)

COMHMENT e

urchase intention

Total buyers @)
Items/buyers/month @)

buyers (million) @)

Income/month @)

PRINTER

Reinvested on the platform

Loss of revenue for charitie:

e =D
%
e
'/M‘

1,=0s




Good practices

build a team and
define a scope

Systemic modelling methodology

identify
strategies to
tackle them

identify
potential
rebound effects

Rebound Archetypes

build a quantitative
dynamic model

build a qualitative
overview of the situation

* guide stakeholders
throughout the process

* can be used on their own to
run quick workshops

compare scenarios
through simulation




Rebound Archetypes Magnitude

Creative Commons Open/free access

C. Impacts

& |
T, |
1]}
Jll

For Windows & Mac:

> Magnitude modelling tool
> guidelines (English)

> examples of models..

In French & English:

> Cards to print

> Rules/guidelines

> Miro template for online
workshops
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Case studies
&

some results



Case studies & results

2021 2022 2023 2024

| Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep |

SYSTEMIC MODELLING METHODOLOGY

DESIGN OF MAGNITUDE

DEVELOPMENT OF MAGNITUDE

VINTED CASE STUDY
ECOTRAIN CASE STUDY

REBOUND ARCHETYPES CARDS

Literature review

@ Methodological prototypes
ECOLOGICAL ISLAND

Case studies
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Case studies & results

2021 2022 2023 2024
| Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep |
SYSTEMIC MODELLING METHODOLOGY
V~\\
4«
~ AT
\ N \
\ \ \
\ \ \
\ ! \
\ ! \
DESIGN OF MAGNITUDE 1 ‘I \
\
| Lo
DEVELOPMENT OF MAGNITUDE I I 1
i aa—— 1 1
I~ ! 1
V\ / \\ /I :
formative evaluation of the ! )/ \ ’ b
’
. VINTED CASE STUDY 4 \ 1
methodological prototypes R v !
i v 1
through the case studies ECOTRAIN CASE STUDY - - )
| 1
1 7
REBOUND ARCHETYPES CARDS 1 /7
a— 1 /
’ ’
’ ,
Literature review ,I ,/
’ ,
’ ,
@ Methodological prototypes — = ///
-
ECOLOGICAL ISLAND -~
Case studies
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Case studies & results

Main case studies

Case study Type Time Focus Stakeholders Data

Product/service design

Vinted Real-world Mid-way Business modelling Designers Existing survey
EcoTrain Real-world Ex-ante Sery|_ce desu_;m Political actors Field study
Political decisions
. . . Service design Secondary data
Ecological island Fictional Prospective Political decisions Researchers and hypotheses
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Case studies & results

Main case studies

Case study Type Time Focus Stakeholders Data

Product/service design

Vinted Real-world Mid-way Business modelling Designers Existing survey
EcoTrai Real-world Ex-ant service design Political act Field stud
coTrain eal-wor x-ante Political decisions olitical actors ield study
. . . Service design Secondary data
Ecological island Fictional Prospective Political decisions Researchers and hypotheses
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Case studies & results

Vinted

INFLUENCE
mid-way DIAGRAM -
designers ceane

4 workshops
4 interviews

DESIGN
) IDEAS
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Case studies & results

Vinted

. Model Parameters
mid-way
designers
.
4 workshops
4 interviews P
‘
\ :
Design ideas Comments
Types of evolution
constavrs
oot
o
setomscnLooes G
o e
R E -
o—
Pt
Enabling
SYSTEM GOALS clothing
&PARADIGM exchange.
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Vinted

mid-way

=D

Model

Case studies & results

Parameters

designers
4 workshops
4 interviews

Bulk purchases may reduce
transport emissions, but do
they lead to compulsive
buying?

[Collective discussion] Design ideas

CONSTANTS
& PARAMETERS

‘It allows us to concretely visualize the
impact of actions and compare situations.
[..] that’s the transition to action.’

[Designer D8]

— variables helped to deepen the discussions
— modelling was perceived as very useful:

-+ engaging stakeholders,
-+ making things tangible,
-+ moving towards action..

Donatinga
ops portion of
the profits
to charities.

)(l“isk of focusing on what can be quantified

— need to balance quali & quanti aspects

Enabling
clothing
exchange.
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Case studies & results

EcoTrai (DL
coTrain L ADEPECHE @ 5°/7° Toulouse Q Rechercher Journz

ex-ante lundi 09 décembre 2024, Saint Pierre

potitreet aetors Une étude sur I’écomobilité menée a Lectoure
4 workshops

1-day observations

1 focus group

9 interviews

1 quantitative survey
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Case studies & results

EcoTrai DL
coTrain L ADEPECHE @ 5°/7° Toulouse Q Rechercher Journz

ex-ante lundi 09 décembre 2024, Saint Pierre

Une étude sur I’ecomobilité menée a Lectoure

political actors

4 workshops

1-day observations

1 focus group

9 interviews

1 quantitative survey

— new mobility project with a 1light
electric train, using an
abandoned railway line

— anticipating (in)direct effects:

-+ additional journeys,
-+ real estate, employment..

— specific field study & survey

— follow-up study \‘scerema

ia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



Case studies & results

EcoTrain ~ - i \
ex-ante ’ , ‘

political actors \ : i ‘ =

4 workshops Y > N - =

9 interviews + focus group

1-day observations .

1 quantitative survey
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Case studies & results

EcoTrain — appreciated being o - o=
involved in the TR = : wan

ex-ante process ‘ .

political actors o very aware of the _ /[ == ” | = =

) uncertainties : —— |/

4 workshops - =

9 interviews + focus group — the model as a ‘we’11 redo the model together,

1-day observations discussion tool - there’s no problem!’

1 quantitative survey

‘It’s not the results [..] obtained by the tool,

‘the good thing is that it’s a decision-making

[Stakeholder ST]

that interests us, but the whole process.’

[Stakeholder S2]

support tool that we’ve built ourselves’

[Stakeholder S3]




Case studies & results

Ecological island

prospective
researchers

1 student

2 workshops

10 meetings .
4 scenarios 4
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Case studies & results

Ecological island

prospective

— reflection on possible future
researchers

mobility scenarios

1 student — new version of the methodology

2 workshops
10 meetings .
4 scenarios 4

— better balance the consideration
of quali & quanti aspects
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Case studies & results

Ecological island » Alderney scenario

prospective .

researchers . . . .
,” medical emergencies can be easily and quickly transferred

* ’

1 student -7

2 workshaps . pupils must commute
10 meetings to the continent from middle school on

4 scenarios 4

Sark scenario *~ Guernsey scenario

Jersey scenario
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Ecological island

prospective .
researchers .

1 student s

2 workshops e
10 meetings .

4 scenarios 4

Sark scenario *

Jersey scenario

— the methodology seems appropriate
— exclusion of unrealistic hypotheses

— importance of terminology

Case studies & results

Alderney scenario

medical emergencies can be easily and quickly transferred

pupils must commute
to the continent from middle school on

Guernsey scenario
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Case studies & results

Evolution of the systemic modelling methodology

Literature
review

Systemic
modelling VO
combining

qualitative and
quantitative tools

Vinted

Systemic
modelling V1
integrating into a

design/decision
process

EcoTrain

Systemic
modelling V1+
good practices for

collecting and
analysing the data

Ecological
island

Systemic
modelling V2
narrative scenarios

as the glue between
quali & quanti
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Future scenarios

for transportation



Future mobility scenarios

Purpose of the prospective scenarios

Possible

Preferable

Probable

(business as usual)

Plausible

Futures cone, adapted from Hancock and Bezold (1994)

> Enable collective acculturation and debate.
> Guide innovation initiatives (appropriate to these futures).

> Stimulate strategic thinking (trajectory towards these futures).
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Société

Alimentation

Habitat

MODES DE VIE

Mobilité
des personnes

Purpose

%40

<] GENERATION
U FRUGALE

"« Recherche de sens

of the prospective scenarios

52 COOPERATIONS
TERRITORIALES

« Evolution soutenable des modes de vie

TECHNOLOGIES

 Plus de nouvelles technologies que de
« Frugalité choisie mais 4 « Economie du partage sobriété
aussi contrainte « Equit + Consumérisme « vert » au profit des
« Préférence pour le local « Préservation de la nature inscrite populations solvables, société connectée
« Nature sanctuarisée dans le droit - Les services rendus par la nature sont ~r+imiede
« Division par 3 de la « Division par 2 de la 5} « Baisse de 30 % de la

consommation de viande
«Part dubio: 70 %

consommation de viande
« Part du bio : 50 %

7

- Part du bio: 30 %

e
consommation de viande (\ ]
Ug

i %
« Rénovation massive et rapide

« Limitation forte de la construction neuve
(transformation de logements vacants
et résidences secondaires en résidences
principales)

« Rénovation massive, évolutions graduelles
mais profondes des modes de vie
(cohabitation plus développée
et adaptation de Ia taille des logements
2 celle des ménages)

- Déconstruction-reconstruction 3 grz
échelle de logements

+ Ensemble des logements rénovés mz
fagon peu performante : la moitié se
au niveau Batiment Basse Consomm
(BBC)

« Réduction forte de la mobili

+ Réduction d'un tiers des km
parcourus par personne

+ Lamoitié des trajets  pied
ouavélo

Technique
Rapport au progrés,
numérique, R&D

_Gouvernance
Echelles de décision,

« Innovation autant organisationnelle
que technique

« Régne des low-tech, réutilisation
et réparation

« Numérique collaboratif

« Mobilité maitrisée r
«-17 % de km parcourus 1
par personne )

« Prés de la moitié des trajets
2 pied ou a vélo

. massif (efficacité
EnR et infrastructures)
« Numérique au service du

- Mobilités accompagnées par I'Etat p e d

les maitriser : infrastructures, télé
massif, covoiturage
++13 % de km parcourus par persol
+ 30 % des trajets 3 pied

ou 3 vélo

« Ciblage sur les technologies les plus
compétitives pour décarboner

territorial
- C data centers

- C ion des data
grce 4 la stabilisation des flux

stable grace 2 la stabilisation des flux

au service de |
« Les data centers consomment 10 fois plus
dénergie qu'en 2020

+ Sauvegarde des modes de vie de
consommation de masse

+ La nature est une ressource & exploiter

« Confiance dans la capacité & réparer

s

Future mobility scenarios

Société

take due account of uses and practices,
with a coherent system of values

the model is a bit of a

‘black box’:

the assumptions cannot be questioned

« Captage, stockage ou Usage N )
du carbone capté indispensable

« Internet des objets et intelligence A[W‘\
artificielle omniprésents. ;
les data centers consomment |
15 fois plus d'énergie qu'en 2020

- Décision locale, faible coopération
internationale

internationale

Territoire
Rapport espaces ruraux -
urbains, artificialisation

Macro-
économie

ECONOMIE

Industrie

et rationnement via des quotas

« Réle important du territoire pour les
ressources et |'action

« «Démétropolisation» en faveur des villes
moyennes et des zones rurales

« Gouvernance partagée
« Fiscalité environnementale
et redistribution
« Décisions nationales
et coopération européenne

« Reconquéte démographique
des villes moyennes

« Coopération entre territoires

« Planification énergétique territoriale
et politiques foncieres

« Fiscalité carbone ciblée

 Cadre de régulation minimale pour
les acteurs privés
+ Etat planificateur

« Soutien de l'offre

« Coopération internationale forte et ciblée
sur quelques filiéres clés

 Planification centralisée du systéme

« Métropolisation,
mise en concurrence
des territoires,
villes fonctionnelles

et e s

 Faible dimension territoriale,
étalement urbain,
agriculture intensive

+ Nouveaux indicateurs
de prospérité (écarts
de revenus, qualité de la vie..)
« Commerce international
contracté

« Croissance verte, innovation poussée
ar la i

« Croissance qualitative,
de secteurs clés en lien avec territoires
+ Commerce international régulé

« Spécialisation régionale
« Concurrence internationale
et échanges mondialisés

- Croissance économique carbonée
« Fiscalité carbone minimaliste et ciblée
« Economie mondialisée

« Production au plus prés des besoins

+ 70 % de Iacier, mais aussi de Ialuminium,
du verre, du papier-carton et des plastiques
viennent du recyclage

« Production en valeur plutét -
quen volume (]
« Dynamisme des marchés locaux
Faluminium, du verre, du papier-carton

« 80 % de I'acier, mais aussi de
et des plastiques viennent du recyclage

+ Décarbonation de énergie
+ 60 % de Iacier, mais aussi
de 'aluminium, du verre,
du papier-carton et des plastiqu
viennent du recyclage

« Décarbonation de I'industrie pariant sur le
captage et stockage géologique de COz

+ 45 % de I'acier, mais aussi de
Faluminium, du verre, du papier-carton
et des plastiques viennent du recyclage

Technique
Rapport au progrés,
numérique, R&D

Gouvernance
Echelles de décision,
coopération
internationale

Territoire
Rapport espaces ruraux -
urbains, artificialisation

Macro-
économie

3IWONOD3

Industrie
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ADEME. (2021). Transitions
2050 - rapport (tech. rep.).

Agence de la transition
écologique.



Future mobility scenarios

AeroMAPS

Q
AeroMAPS @ 0 ol
< Discovery mode Results

Trajectories ® & Sustainability © &
Ai transport CO, emissions  + Multidisciplinary assessment
@ Air traffic o Evolution of annual CO, emissions from air transport - Scenario impacts and allocated bud:e:s - Presented as a % of world budgets
7
Historical emissions 2000 5 Climate (CO,) //’ Climate (Total)
Passenger short range evolution ® 3 Q ///
@ g S
g 8 \ ///,
Passenger medium range evolution © 3 1000 & %\\\
J ~ L
8 NNy
_ E \\ w
e 50 £ \ ‘
2
Passenger long range evolution © 2 \
0
o 2000 2010 2020 2030 2040 2050 B\omass\ Electricity

~O- Emissions at 2019 technological level (3% traffic growth) ~Q- Emissions including all levers of action .
Freight evolution © 3 Levers: Demand/supply side management [ Aircraf efficiency " Fleet operations |77 Altcraft energy @ mpacts §89 Budgets

[}

0. emissions ® Electricity 0 Wi e Traffic distribution with Worldwide uniform traffic Direct operating cost &

J050ve 2019 % significant disparities @ distribution ® 050 vs 2019

© =
|:| Halving the number of 'frequent flyer' flights 1 1 64 MtCO, ~ + 5% O Twh 0 Nuclear ’I 2885 Km/fyer/yr ’l 4’] 7 km/fyer/yr 0042 EUR/ASK ™~ -3%

Of  reactors

Options

[C] Reduction of short Range flights (modal shift, ban)

Climate & Energy ! TeoeRs e A !
@ Mepeameins oEiED o Temperature increase from air transport v Fuel consumption (energy consumption per ASK)
i} P Evolution of temperature increase from air transport Evolution of the mean energy consumed per Avail
. — assumptions are subject to change
Aircraft efficiency © e El
[ Renewal Accelersted ‘ Ambitous ] i i — but the scenarios say nothing about
2 ]
£ g 09 . . .
Operations © - 3 os practices: a drop in traffic for what
g 20 & s
Pessimistic ‘ Realstic ‘ optimistic ] s, g, reasons, with what new uses?
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 w 2000 2005 2010 2015 2020 2025 2

Aircraft load factor ® == History == Projections = Non-CO, === CO, = History == Proje:

Planes, T., Delbecq, S., & Salgas, A. (2023). AeroMAPS: a framework for performing multidisciplinary assessment of prospective scenarios for air transport. Journal of Open Aviation Science, 1(1).

[ Constant

Very Amb. ]
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Scénarios

Ex
REPUBLIQUE
FRANGAISE

Future mobility scenarios

de transition écologique du secteur aérien [ADEME]

M Elaboration de scénarios
de transition écologique du
secteur aérien

HORIZONS

— ‘black box’ model

— 1little information on usage: reasons for the

SYNTHESE

SO0
« Scénario de référence »

La société se développe selon les
tendances actuelles, sans
modération du trafic ou
déploiement de technologies allant
au-dela des technologies déja
maitrisées actuellement.

-Absence de rupture technologique :
les flottes sont modernisées via le
remplacement des avions en fin de
vie par les avions les plus
performants disponibles aujourd’hui.

1)

L) Les avions continuent d'utiliser quasi
sarburants

ons reste
iu prix du
¢ par les
1 efficacité
par le

drop in traffic, new flying practices,

interfaces with other modes of transport, etc.

l'avion, ce
ation forte

SA

Scénario « Rupture technologique »

"5 Des investissements importants
— sont réalisés dans l'aéronautique
et la production de CAD, afin de
conserver un niveau de trafic élevé
et de permettre au secteur de
développer son activité.
-@-Des ruptures technologiques et de
= fortes améliorations des opérations
permettent de diminuer
significativement la consommation
énergétique des avions a partir de
2035. L'avion court-courrier a
hydrogéne voit le jour en 2035.

iﬂLes CAD sont progressivement
mobilisés grace a des efforts
d'investissement trés importants (et
ce plus particuliérement sur les
électrocarburants).

% L'utilisation de technologies plus
onéreuses et des CAD renchérit
rapidement le codt des vols a partir
de 2035.

fWLa croissance du trafic aérien est
soutenue, mais infléchie par la
hausse des colts des vols, & partir
de 2030.

SB
Scénario « Modération du trafic »

“E Des mesures de modération du
— trafic et les CAD sont mobilisés

SC
Scénario « Tous leviers »

q
‘

La décarbonation du secteur
s’appuie sur tous les leviers

pour les issi
cumulées entre 2020 et 2050 et
réduire nettement les émissions
d’ici 2030.

@- Les nouveaux avions bénéficient des

= améliorations technologiques

incrémentales. L'avion a hydrogéne
n'est pas développé.

iﬂ Les CAD sont progressivement
mobilisés grace a des efforts
d'investissement importants (et ce
plus  particulierement sur les
biocarburants).

% L'utilisation de CAD augmente le cott
des vols a partir de 2030. Cette
hausse s’accélere a partir de 2035.

@’ Le trafic est contraint par des leviers
fiscaux et réglementaires dans
I'optique de limiter les émissions du
secteur, et ce des 2023. Il est
également limité par la hausse du
prix des billets, a partir de 2030. Il
diminue donc entre 2023 et 2030, est
stable jusqu’en 2045, puis remonte
légerement a partir cette date.

B

&

ponibl afin de réduire le
recours a des technologies de
rupture non-matures aujourd’hui et
d’augmenter I'acceptabilité des
mesures de modération du trafic.

Des progrés technologiques et des
améliorations des opérations
permettent de diminuer la
consommation  énergétique  des
avions a partir de 2040.

Les CAD ne sont pas produits en
quantité suffisante pour couvrir la
demande. Le premier avion court-
courrier a hydrogéne est
commercialisé en 2040.

L'utilisation de technologies plus
onéreuses et des CAD renchérit
progressivement le colt des vols.

Les mesures de modération du trafic
et la hausse du prix des billets
conduisent a une faible hausse du
trafic.

ADEME. (2022). Elaboration de scénarios de transition écologique du secteur aérien (tech. rep.). Agence de la transition écologique.
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Future mobility scenarios

A systemic approach to new practices of mobility

> What are the current and future rebound effects of the aviation and
transport sector? (Cobra effect, Blablacar..)

> Who is responsible for thinking about them and tackling them?

> Could we combine AeroMAPS with an investigation into usage and practices
to develop prospective scenarios?

> What would be the methodological process for building prospective
scenarios? (including other modes of transport)

> Could we use it as a democratic consultation tool?

> Could this help with the difficult question of absolute sustainability?
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Contributions & discussion

Discussion on modelling

‘All models are approximations. > Why do we build a model and scenarios?
Assumptions, whether implied or clearly
stated, are never exactly true. All

models are wrong, but some models are > opening up the imagination, making decisions, etc.
useful. So the question you need to ask is
not “Is the model true?” (it never is) but
“Is the model good enough for this building a model?
particular application?”’

> Who is going to use them and why?

> What is the appropriate methodology for

> What scope, what type of model?

George E. P. Bozx > Emergent phenomena, bounded rationality (Simon)
> What are the risks?

> How can we prevent a model being used for purposes
other than those for which it was designed?

> How can uncertainties be accounted for?

> Responsibility as a model designer
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Collective modelling as a means to
engage with a complex situation
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(CHI Doctoral consortium)
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Poster (best poster award)

Poster (best poster award)

Publications

Bornes, L* Smith M.* Bates O, Blair G., Letondal C., and Vingerhoeds R. (2024, October). Rebound Archetypes: A Card-based Tool to Help
Designers Think Through the Rebound Effects when Designing for Sustainability. In Proceedings of Relating Systems Thinking and Design
(RSD13] Symposium. * Authors contributed equally

Bornes, L., Letondal, C., Vingerhoeds, R. (2024, July). Systemic Sustainable HCI: Integrating Collaborative Modeling into a Design Process to
Address Rebound Effects. In Proceedings of the 2024 ACM Designing Interactive Systems Conference.

Ekchajzer, DX Bornes, L* Combaz, J.* Letondal, C., Vingerhoeds, R. (2024, June). Decision-Making under Environmental Complexity: Shifting
from Avoided Impacts of ICT Solutions to Systems Thinking Approaches. In Proceedings of the 11th International Conference on ICT for
Sustainability. * Authors contributed equally

Bornes, L., Letondal, C., Vingerhoeds, R. (2022, October). Could Systemic Design Methods Support Sustainable Design of Interactive
Systems?. Proceedings of Relating Systems Thinking and Design (RSD11) Symposium.

Bornes, L., Letondal, C., & Vingerhoeds, R. (2023). Understanding the Indirect Effects of Interactive Systems Within Systems of
Systems. INSIGHT, 26(4), 18-21.

Letondal, C,, Laplace, I., Druot, T, Bieder, C., Pauchet, S., & Bornes, L. (2024, April). Approches alternatives pour penser et construire le futur du
transport aérien : exemples d'expériences pédagogiques. In Entretiens de Toulouse.

Letondal, C., Bornes, L., Garcia, J., Duchevet, A,, Conversy, S., Pauchet, S., & Vo, D. B. (2024, March). Un cockpit pour l'aviation du futur ? Par quel
prisme de I''HM approcher la question 2. In IHM'24-35e Conférence Internationale Francophone sur I'Interaction Humain-Machine.

Bornes, L. (2023, April). A Methodology and a Tool to Support the Sustainable Design of Interactive Systems: Adapting systemic design tools to
model complexity in interaction design. In Extended Abstracts of the 2023 CHI Conference on Human Factors in Computing Systems (pp. 1-5).

Bornes, L., Letondal, C., & Vingerhoeds, R. (2023, October). Using a Quali-Quantitative Modelling Tool to Explore Scenarios for More-Than-
Sustainable Design. In Proceedings of Relating Systems Thinking and Design (RSD12) Symposium.

Best poster award at ISAE PhD day. (2023, June).

Best poster award at a AFIS (Systems engineering) conference. (2022, December).

Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



References

C.T. Bieser, R. Hintemann, L. M. Hilty, and S. Beucker, “A review of assessments of the greenhouse gas footprint and abatement potential of information and
communication technology,” Environmental Impact Assessment Review, vol. 99. Elsevier BV, p. 107033, Mar. 2023. doi: 10.1016/j.eiar.2022.107033.

Bremer, C., Gujral, H., Lin, M., Hinkers, L., Becker, C., & Coroama, V. C. (2023). How viable are energy savings in smart homes? A call to embrace rebound effects in
sustainable HCI. ACM Journal on Computing and Sustainable Societies, 1(1), 1-24.

V. C. Coroama, P. Bergmark, M. Hojer, and J. Malmodin, “A Methodology for Assessing the Environmental Effects Induced by ICT Services - Part |: single services,”
Proceedings of the 7th International Conference on ICT for Sustainability. ACM, Jun. 21, 2020. doi: 10.1145/3401335.3401716.

DiSalvo, C., Sengers, P., & Brynjarsdottir, H. (2010, April). Mapping the landscape of sustainable HCI. In Proceedings of the SIGCHI conference on human factors in
computing systems (pp. 1975-1984).

Hancock, T., & Bezold, C. (1994, March). Possible futures, preferable futures. In The Healthcare Forum Journal (Vol. 37, No. 2, pp. 23-29).
Jones, P. H. (2014). Systemic design principles for complex social systems. Social systems and design, 91-128.

Juge, E. (2018). La fabrique des conso-marchands: une approche par les dispositifs sociotechniques dans le contexte de la consommation collaborative (Doctoral
dissertation, Université de Lille).

Kim, D. H. (1992). Guidelines for drawing causal loop diagrams. The Systems Thinker, 3(1), 5-6.

Knowles, B., Bates, O., & Hakansson, M. (2018, April). This changes sustainable HCI. In Proceedings of the 2018 CHI Conference on human factors in computing
systems (pp. 1-12).

Le Carpentier, M, Bornes, L., Letondal, C., & Druot, T. (2024). Imagining ecological mobility scenarios for an island at the horizon 2050 (Research initiation project,
Université de Toulouse).

Raghavan, B., & Pargman, D. (2017, May). Means and ends in human-computer interaction: Sustainability through disintermediation. In Proceedings of the 2017
CHI Conference on Human Factors in Computing Systems (pp. 786-796).

Rockstrom, J., Steffen, W., Noone, K., Persson, A, Chapin llI, F. S, Lambin, E., ... & Foley, J. (2009). Planetary boundaries: exploring the safe operating space for
humanity. Ecology and society, 14(2).

Vaayu, “Vinted Climate Change Impact Report,” Vaayu, 2021.

Woodward, I. (2007). Understanding Material Culture. SAGE Publications Ltd. https:/doi.org/10.4135/9781446278987

Laetitia Bornes | Systemic and concrete methods and tools to address environmental complexity and rebound effects within a design or decision-making process | December 2024



Rebound Archetypes Magnitude
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In French & English:

> Cards to print

> Rules/guidelines

> Miro template for online
workshops

For Windows & Mac:

> Magnitude modelling tool
> guidelines (English)

> examples of models..

https: //lii.enac.fr/projects/rebound-archetypes-cards/ https: //lii.enac.fr/projects/magnitude/
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