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Introduction

This workbook contains a series of three
modules created within the context of the
EU-funded research project “CIRCULAR
FOAM - Systemic expansion of territorial
CIRCULAR Ecosystems for end-of-life
FOAM” (https://circular-foam.eu/). They are
designed to support learning and training for
scientific audiences from various disciplines

at universities, including lecturers and stu-
dents, and for practitioners in industrial set-
tings. The modules can be worked through
independently or consecutively. The first
module gives a general introduction to sus-
tainability science. It serves as a knowledge
foundation, especially for the second mod-
ule, which deals with the concept of circular
economy as well as
R-strategies, such as reduce, reuse or recy-
cle. The last module delves into the qualita-
tive scenario analysis, explains the method
and gives an overview of how and where to

apply it.

Further knowledge about those topics and
concise examples can be found in the deliv-
erables of the CIRCULAR FOAM project. De-
liverable 1.5 applies the qualitative scenario
analysis to the project scope and thus anal-
yses the future of plastics recycling and pos-
sible circular systems for high-performance
plastics, refrigerators and construction ma-
terials.

Whilst the Deliverables 1.1-1.6 predomi-
nantly contain regional and socio-economic
analyses, quantitative environmental and
economic analyses can be found in the De-
liverables 7.1-7.8. Furthermore, other Deliv-
erables delve deeper into aspects such as

" Available at https://circular-foam.eu/
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chemical recycling, design and logistics, as
well as economic exploitation of the results.

The contents of the modules were developed
and applied in the context of the seminar
“Future Skills” at the Ruhr University Bo-
chum in Germany in the summer term of
2025 (for details see Deliverable 8.5").

There are three types of boxes that can be
found throughout the workbook and that pro-
vide additional information:

[ o
II This box contains definitions and

important details, notes and further in-
formation about the topic.

B,

&& This box illustrates the topic and

methods by giving exercises that can be
done individually or in groups to deepen
the understanding.

e

This box contains further litera-
ture to delve deeper into scientific re-
search and current discussions on the
topic.
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Sustainability Challenges of the Plastics Economy

Plastic materials, in technical language
known as synthetic polymers, are a material
class that has revolutionized the way prod-
ucts can be designed, produced and used,
since their modern industrial development
at the beginning of the 20™ century (Rasmus-
sen, 2018). Today, their production repre-
sents a significant aspect of the chemical in-
dustry and technology in modern society
(ibid.), and thus, contributes extensively to
the socio-economic development of coun-
tries worldwide.

Due to their diversely adjustable mechanical
and functional properties, as well as high
performance-cost-ratio, plastic materials
are used in every consumer and industrial
market, e.g. for applications in packaging,
textiles, household appliances and everyday
products, industrial machinery, electrical
and electronic devices, transportation or
building and construction (Stegmann et al.,
2022).

Despite the technical end economic ad-
vantages of the plastics economy, there are
several environmental challenges con-
nected to the life cycle of plastics. For exam-
ple, millions of tons of plastics in the form of
macro, micro, and nano plastics are leaked
into oceans and freshwater reservoirs, ter-
restrial environments, biological systems
and food webs (Bank and Hansson, 2022; El-
len MacArthur Foundation et al., 2016). Fur-
thermore, the plastics economy significantly
contributes to global greenhouse gas emis-
sions (GHG) that drive climate change, be-
cause they are, still to date, mostly produced
using finite fossil resources, such as gas and
oil, and often incinerated at the end of their
life (EoL) (Bachmann et al., 2023). Unfortu-
nately, only a small fraction of 5-20 %, signif-
icantly depending on the region, is recycled,

and often into lower-value materials and ap-
plications (Amadei et al., 2025; Sheldon and
Norton, 2020).

Another dimension that exacerbates the
challenges of the environmental sustainabil-
ity issue is the expected future development
and increase of plastic production, use and
waste generation. On a global scale, Steg-
mann et al. (2022) estimate that the annual
plastic production will more than double by
the year 2050, and thus accordingly, the
waste generation follows this trend. They
also show, based on plausible scenario as-
sumptions, that the majority of plastics in
use will accumulate in the building and con-
struction sector, where, among other engi-
neering plastics, Polyurethane (PUR) rigid
foam is used for insulation applications. An-
other look at the projected plastic use until
2050 was recently taken by Dokl et al. (2024),
revealing that the European Union might be
able to stabilize its annual plastic consump-
tion at around 70-80 megatons (Mt) until
2050 assuming significant improvements in
terms of recycling infrastructure, recycling
technology and rates.

L 4 5
Il “1. Sustainable develop-

ment is development that meets the
needs of the present without com-
promising the ability of future gener-
ations to meet their own needs. It
contains within it two key concepts:

e the concept of 'needs) in
particular the essential
needs of the world's poor, to
which overriding priority
should be given; and




e the idea of limitations im-
posed by the state of tech-
nology and social organiza-
tion on the environment's
ability to meet present and
future needs.

[...]

3. Development involves a progres-
sive transformation of economy
and society. A development path
that is sustainable in a physical
sense could theoretically be pur-
sued even in arigid social and polit-
ical setting. But physical sustaina-
bility cannot be secured unless de-
velopment policies pay attention to
such considerations as changes in
access to resources and in the dis-
tribution of costs and benefits.
Even the narrow notion of physical
sustainability implies a concern for
social equity between generations,
a concern that must logically be ex-
tended to equity within each gener-
ation.” (WCED, 1987, p. 41)

The short overview on the trade-off between
the techno-economic advantages and envi-
ronmental challenges of the plastics econ-
omy illustrates that the predominantly fossil-
based business model of the plastics econ-
omy is highly unsustainable for the environ-
ment. This is why an increasing number of
scientists, policymakers, NGOs and indus-
trial initiatives alike call for more systemic
and impactful changes. Exemplary for this,
the industrial agenda “The New Plastics
Economy - Rethinking the Future of Plastics”
called forthis already in 2016 and demanded
“a new approach”.
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@ -1
II “To move beyond small-scale

and incremental improvements and
achieve a systemic shift towards the
New Plastics Economy, existing im-
provement initiatives would need to
be complemented and guided by a
concerted, global collaboration initi-
ative that matches the scale of the
challenge and the opportunity. Such
an initiative does not exist today, and
therefore would need to be set up,
driven by an independent coordinat-
ing vehicle.” (Ellen MacArthur Foun-
dation et al., 2016, p. 23)

The essential question remains, as was re-
cently and distinctively formulated by the Eu-
ropean Joint Research Centre (JCR, 2025):
“Can the plastics sector become more sus-
tainable?”. A study by Amadei et al. (2025) in-
vestigated material flows for the whole value
chain of plastics in the 27 EU member states
in 2022 and showed that “incineration and
landfilling still represent the dominant waste
management options in the EU-27”. There-
fore, the JCR recommends the pursuit of key
strategies for a circular plastic value chain:

@ -1
II “Improved plastic waste col-

lection and sorting would reduce
plastic losses to the environment,
enhance recycling and ultimately
promote a more circular value chain.
The study highlights that the combi-
nation of mechanical and chemical
recycling could prove fundamental.
Chemical recycling, which currently
makes up a negligible share of the
sector, can in fact enable the man-
agement of materials that could not
be recycled using other methods.”
(Joint Research Centre, 2025)




In  summary, industrial agendas and
roadmaps like “The New Plastics Economy”
(EWlen MacArthur Foundation et al., 2016) or
“The Plastics Transition” with ambitious
goals such as “net-zero emissions by 2050”
(Plastics Europe, 2024), in line with recent
scientific studies show that the sustainabil-
ity challenges of the plastics economy re-
quire more collaborative, transformative and
systemic changes, in order to reduce the cur-
rent and prevent the expected increase of
environmental impacts until the year 2050.
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What research approaches are most
critical for your discipline to develop
sustainable alternatives or strategies
concerning the life cycles and envi-
ronmental impacts of plastics?

From your academic perspective,
what are the most significant sys-
temic barriers to achieving a more
environmentally friendly plastics
economy?

How can your research or teaching
initiatives foster the necessary col-
laborative and transformative
changes within your field or with
other disciplines to address these
barriers?

Industry

How can your company leverage the
technical advantages of plastics
while innovating product design, ma-
terial selection, and manufacturing
processes to significantly reduce re-
liance on finite fossil resources?
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If your company operates in the
plastics economy, e.g., in high-vol-
ume and long-life cycle sectors,
what specific engineering chal-
lenges and opportunities do the
above-mentioned sustainability is-
sues create?

How can your engineering depart-
ment or technical team actively
contribute to a more systemic shift
for sustainability, e.g., within your
company's strategies, operations,
supply chain network, or product
development?

What specific engineering solutions
or process optimizations can your
company implement to reduce its
carbon footprint, and other environ-
mental impacts, related to plastic
production, use, or end-of-life man-
agement?

?e

If you want to find out more
about systemic approaches for the
improvement of environmental sus-
tainability, you can explore the fol-
lowing concepts and respective
studies:

e Sustainable Development
Goals (SDGs) (United Na-
tions Department of Eco-
nomic and Social Affairs,
2025)

e Planetary Boundaries and
Health (World Economic Fo-
rum et al., 2025)

e Ecological Footprint and
Overshoot Day (Global Foot-

\ print Network, 2025)
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Circular Economy and R-Strategies

Circular Economy

Environmental sustainability challenges are
fundamental to circular economy (CE) ap-
proaches, since CE strategies often aim to
reduce natural resource consumption, mini-
mize waste and emissions, or foster the re-
cycling of matter and recovery of energy. Sys-
temic circular solutions even extend beyond
recycling and recovery, focusing on smarter
product use and manufacturing, extending
lifespans of products and its parts, and cre-
ating useful application of materials (Potting
etal., 2017).

For the term “circular economy”, there are
key concepts and approaches that have
been proposed and investigated by aca-
demia and industry alike. From a systemic
perspective, CE can be understood as the vi-
sion of an economic system that strives for a
paradigm shift - replacing the linear end-of-

e

life (EoL) concept (cradle to waste) with a cir-
cular system that preserves the value of ma-
terials and products for as long and as highly
as possible throughout the value chain.
What is more, CE solutions should create, in
line with sustainable development, a fair bal-
ance between economic interests, environ-
mental protection and aspects of social fair-
ness (Bachmann etal., 2023; Kirchherretal.,
2023).

A more holistic example for a CE concept
that focuses on this systemic interplay is the
Cradle to Cradle (C2C) concept by
(McDonough and Braungart, 2002), which is
visualized in Figure 2 (Muller, 2022). From the
C2C perspective, the overall goal for mate-
rial, product and system design is to strive for
fully closed biological or technical material
loops. On the left side, displaying the biolog-
ical cycle, regenerative and eco-positive

In academia, the interest in CE has risen significantly, especially in between the
rs 2014 and 2024, as can be seen in this figure:
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Figure 1: Scientific articles about circular economy between 2004 and 2024




processes should foster circularity through-
out manufacturing and after consumption,
until

the products become organic nutrients
again. On the right side, the technical cycle
requires more coordinated CE strategies and
measures, e.g., for disassembly and separa-
tion, before product parts can be reused or
technical nutrients can be recycled. Central
motivations for both cycles are also, to pro-
long material and product lifetimes as effec-
tively and efficiently as possible, as well as
minimizing systemic leakage and environ-
mental impacts, e.g. of toxic or hazardous
substances or GHG emissions.

Furthermore, the role of the “consumer” or
“user” differs significantly in alignment with
the regenerative or technical business mod-
els. As part of the biological cycle, consum-
ers ideally need to worry less about consum-
ing and disposing of their green products,
since they are for example designed as bio-
degradable nutrients or for biochemical pro-
cesses without releasing harmful or un-
healthy substances into the environment
(Braungart et al., 2007). As part of the tech-
nical cycle, the users’ participation is crucial
for collecting and sorting parts of the product
or the entire product, in order to close the
highly valuable material loops and for apply-
ing fitting CE solutions. For designers and en-
gineers, this further requires rethinking ma-
terial, system and product design by “remak-
ing the way we make things” (ibid.) — prod-
ucts and processes need to be beneficial
and positive, not only for the economy, but
equally so for the environment and society.

7>,
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Figure 2: "Cradle to cradle", visualisation of a circular economy systems diagram (Mdller, 2022, based on: Braungart & McDonough)




R-Strategies

R-Strategies, such as reduce, reuse or recy-
cle, have become established CE ap-
proaches that can help academia, consum-
ers, companies and policymakers alike to
tackle sustainability challenges and inspire
them to find circular solutions. The R-strat-
egy logic provides a low-threshold entry into
CE concepts. It can, for example, invite you
to rethink linear business models more fun-
damentally — like sharing or renting products
instead of buying them. It can also help you
to explore concrete ideas for circular solu-
tions tackling specific sustainability chal-
lenges - like the reduction of plastic waste
incineration through new recycling pro-
cesses. Scientific and/or industrial develop-
ment, implementation and evaluation of po-
tential circular solutions can then build upon
this and help you to investigate the sustaina-
bility issue more thoroughly.

The guiding question can be:

Which R-strategy fits best to solve your sus-
tainability challenge, by means of smarter
product use and manufacturing, extending
lifespans of products and its parts, and/or
creating useful application of materials (cf.
Potting et al., 2017)?

'0;‘@‘3
If you want to dive deeper into

the academic discussion of CE con-
cepts and get a good scientific litera-
ture overview, you can consult the
study “Conceptualizing the Circular
Economy (Revisited): An Analysis of
221 Definitions” by Kirchherr et al.
(2023), from which the following
quote is taken:
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“Consensus has grown regarding the
core principles underpinning CE,
with 70 to 80 percent of articles rec-
ognizing ‘reuse’ and ‘recycle’ as the
two fundamental principles of CE,
similar to the 2017 analysis. Most nho-
tably, an increasing share of defini-
tions now also features calls for fun-
damental systemic shifts to foster
CE transition. As such, CE seems
less capable of being implemented
through only incremental changes.”
(Kirchherr et al., 2023, p.9)

A good starting point to better understand
and select R-Strategies can be the policy re-
port ‘Circular Economy: Measuring Innova-
tion in the Product Chain’ (Potting et al.
(2017). The authors developed a conceptual
framework that evaluates the role of innova-
tionin CE transitions and applied it to various
hypothetical and practical cases, including
plastic packaging and electrical and elec-
tronic equipment. Amajor result of the report
is a list of 10 R-Strategies presented in a pri-
ority order, from high circularity (low R-num-
ber) to low circularity (high R-number), re-
sembling the "Ladder van Lansink" for waste
treatment (WasteOnline, 2022). The princi-
ple and main hypothesis of this framework is
that more circularity generally leads to more
environmental benefits.

The ranked R-Strategies have been grouped
into three CE strategy categories. The first
group “smarter product use and manufac-
ture” of highest circularity priority comprises
Refuse (R0), Rethink (R1), and Reduce (R2).
The middle category consists of R-Strategies
that “extend [the] lifespan of product[s] and

10



its parts” through Reuse (R3), Repair (R4),
Refurbish (R5), Remanufacture (R6), and Re-
purpose (R7). The “useful application of ma-
terials” includes Recycle (R8) and Recover
(R9), which are already well established in-
dustrial circular solutions to close material
loops and recover thermal energy (Kirchherr
et al., 2023). An excerpt from the R-strategy
framework illustration by Potting et al. (2023,
p. 5) can be seen in figure 3, also providing
definitions for each of the strategies.

| @ o
Have a closer look at the R-

strategy framework by Potting et al.
(2017). By the example of the case
studies “plastic packaging” and
“electrical and electronic equip-
ment” (Potting et al., 2017, pp. 23-28)
you can familiarize yourself with the
R-strategy framework, and learn more
about specific examples, like how to
refuse or reuse plastic bottles as a
consumer, or when to apply remanu-
facturing to refrigerators and freezers.
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Circular economy Strategies
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Make product redundant by
abandoning its function or by offering
the same function with a radically
different product

Make product use more intensive (e.g.
through sharing products, or by putting
multi-functional products on the
market)

Increase efficiency in product
manufacture or use by consuming
fewer natural resources and materials

Re-use by another consumer of
discarded product which is still in good
condition and fulfils its original function

Repair and maintenance of defective
product so it can be used with its
original function

Restore an old product and bring it up
to date

Use parts of discarded product in a new
product with the same function

Use discarded product or its partsin a
new product with a different function

Process materials to obtain the same
(high grade) or lower (low grade) quality

Incineration of materials with energy
recovery

Figure 3: Circularity strategies within the production chain, in order of priority (Potting et al., 2017, p. 5)
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Considering the significant rise in academic interest in CE between 2014 and 2024,
have you already worked on CE challenges in research projects, or have you used CE
concepts and literature in teaching? Which aspects of investigating/ teaching CE are
most challenging? Why?

What do you think about the following claim: “CE solutions should create, in line with
sustainable development, a fair balance between economic interests, environmen-
tal protection and aspects of social fairness”? Do you agree? Don’t you? Please dis-
cuss from your disciplinary point of view, if a fair balance is achievable, and/or dis-
cuss possible trade-offs together with your team/students.

How can the Cradle to Cradle (C2C) concept, which strives for fully closed biological
or technical material loops, be effectively used in educational settings to illustrate
the differing roles of consumers and the specific design requirements for products
in each cycle?

What types of case studies or practical exercises from your discipline, similar to the
examples of "plastic packaging" and "electrical and electronic equipment" in Potting
et al. (2017), come to your mind? Prepare and discuss fitting examples with your re-
search team/ students applying the guiding question: "Which R-strategy fits best to
solve your sustainability challenge?"

How can the academic community contribute to the interdisciplinary scientific de-
velopment, implementation, and evaluation of potential circular solutions based on
specific R-strategies, particularly those less commonly applied in industry, like "Re-
fuse" (R0O), "Rethink" (R1), and “Reduce” (R2)?

13
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Industry
How does your company currently interpret and implement "circular economy" ap-

proaches, particularly in striving to reduce natural resource consumption, mini-
mize waste and emissions, or foster the recycling of matter and recovery of energy?

In what ways could your company's product design and manufacturing processes
be re-evaluated through the lens of the Cradle to Cradle (C2C) concept to move
towards fully closed biological or technical material loops? Is this idealistic con-
cept applicable? If not, why? Which types of economic, environmental, or social
challenges would you face, when you rethink your business model, or the materials
and products you use/produce?

How is your organization addressing the challenge of involving consumers and us-
ers of products to ensure their participation for collecting and sorting parts to close
valuable material loops? Do they benefit from your business model, maybe in an
economic, environmental, or psychological way? If not, why, and how could you
maybe change it?

What challenges or opportunities do you see in shifting from incremental changes
in sustainability efforts to embracing more fundamental systemic shifts required
for a comprehensive application of diverse R-strategies across your value chain?

Beyond established industrial solutions like Recycle (R8) and Recover (R9), how is
your company actively exploring and implementing higher-priority R-strategies
such as Refuse (R0), Rethink (R1), and Reduce (R2) to achieve "smarter product use
and manufacture"?

Which r-strategies from the "extend lifespan of products and its parts" category —
Reuse (R3), Repair (R4), Refurbish (R5), Remanufacture (R6), or Repurpose (R7) —
offer the most significant potential for environmental benefits and economic value
within your current product portfolio, and what steps are promising and feasible to
integrate them?

If you produce or use high-value, complex, and/or engineering materials — such as
advanced alloys, composites, or high-performance plastics/polymers — which R-
strategy fits best to your material system and life cycle? Why? Which trade-offs
and/or synergies do you see for the application of a specific R-strategy concerning
economic, environmental, and societal sustainability goals of your company?

How do you and your company ensure that high-value materials are collected, sep-
arated and treated in a way that maximizes their material value retention and allows
for high-grade recycling back into similar quality applications, rather than being
downgraded to lower-value uses?

14
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Qualitative Scenario Analysis

Scenario analysis is a method used in differ-
ent contexts and branches, such as the inter-
disciplinary field of future studies in the sci-
entific context, or as a strategic decision-
making tool in areas like crisis management,
policy making and businesses. It can be clas-
sified as a transdisciplinary application field
and future methods are gaining broad popu-
larity and relevance due to the dynamic and
rapidly changing global situation (Greeuw et
al., 2000, p. 6; Bradfield et al., 2005, p. 796).
The scenario methodology deals with antici-
pated structural developments in the future
and their effects. There are many different
approaches, definitions and techniques
used, leading to a diversity of possible de-
signs of the method tailored to specific top-
ics (Bishop et al., 2007; Bradfield et al., 2005,
p. 795; Gausemeier et al., 1998; Kosow &
GaBner, 2008, p. 9, 18; van Notten et al.,
20083, pp. 424).

@ i)
II A scenario is a plausible, rea-

sonable and possible depiction of
the future. Scenarios do not claim to
be predictions, self-fulfilling or com-
plete. The focus is not only on a plau-
sible image and the systematic way
to get there, but on several alterna-
tive paths and images that should be
outlined and justified. It shows alter-
native development options and pro-
vides decision rules.

Therefore, the objective of the sce-
nario methodology is to describe
several possible developments up to
a specific point in the future. (Ges-
chka & Schwarz-Geschka, 2012, p. 3;
Kosow & GaBner, 2008, p. 9).

Approaches: Qualitative
vs. Quantitative vs. Mixed

There are different approaches that can be
used to develop scenarios, causing the ab-
sence of a singular, universally applicable
approach. A basic distinction is made be-
tween systematic-formalized and creative-
narrative approaches. The former clearly de-
fines the key factors and then varies and
combines them to open the scenario funnel
and develop the scenarios. All influencing
factors of the topic are identified to compare
the individual factors and consider their in-
teraction. In this way, the mutualrelationship
is determined for each pair. This approach is
also known as the model-based approach,
as itis often used with the aid of supplemen-
tary software. Classic techniques of this ap-
proach are the influence analysis, con-
sistency analysis and cross-impact analysis
(Kosow & GaBner, 2008, pp. 38; van Notten et
al.,2003, p. 427).

The creative-narrative approaches are
grounded in intuitive logic and depict sce-
nario development as a process driven
largely by creativity and participants’
knowledge. After all, creativity and tech-
niques such as brainstorming are valuable
and important components of serious future
thinking (Pillkahn, 2008, p. 190).

At the same time, a scenario funnel is also
applied to the formalized characteristics of
the key factors. In this context, creative tech-
niques and implicit knowledge are intention-
ally employed. The process is designed as a
participatory approach, adhering to the
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same fundamental principles as the system-
atic-formalized approach. Common tech-
niques used in this method include intuitive
logics and normative-narrative scenarios.

In the design practice of the scenario pro-
cess, however, it should be noted that the
boundaries between the two approaches are
fluid. The concrete design of the individual
analysis is rarely ideal-typical, and tech-
niques of one approach can be more formal-
ised, or techniques of the other can be devel-
oped more creatively, creating a mixed ap-
proach.

There is a variety of approaches and tech-
niques that can be chosen to carry out a sce-
nario analysis. This is because the scenario
process must be individually adapted to the
situation at hand and the research question
to be answered, which is why there can be no
universally valid and applicable approach.

This choice is based on three parameters
that are essential for the process design: The
objective of the project, the available re-
sources and the content to be achieved
(Bradfield et al., 2005; Kosow & GaBner,
2008, pp. 61).

e
An overview of possible tech

niques and tools in more qualitative or
quantitative settings can be found in:

Kosow, H., GaBner, R., 2008. Methods
of Future Scenario Analysis. Overview,
Assessment, and Selection Criteria.
https://www.idos-research.de/up-

Qads/media/Studies_39.2008.pdf. /
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Purpose of Scenario

Analysis

The scenario analysis systematically exam-
ines possible consequences for the present.
Its aim is to explain transformation pro-
cesses and to support the perception and
understanding of change. Furthermore, it ex-
plores the potential for change through spe-
cific actions and the opportunities to influ-
ence emerging trends.

It is based on a set of different influencing
factors and outlines possible future scenar-
ios depending on certain assumptions.
These scenarios take into account expected
developments, uncertain changes, and new
influences that may come into play. As a re-
sult, it does not offer a complete picture of
the future, but rather insights into specific,
particularly relevant aspects of it.

A scenario analysis can serve various pur-
poses. It is important to consider the differ-
ent alternatives before undergoing the analy-
sis to concretise the process and shape the
research design in a concise manner (van
Notten et al., 2003, pp. 426).

Four main functions of scenario creation can
be identified (Kosow & GaBner, 2009, pp. 18):

- Explorative and/or scientific function

- Communicative function

- Target concretisation and creation
function

- Decision-making and strategy for-
mation function

Firstly, scenario analysis can support in the
conception and understanding of the re-
search topic as it helps to identify limits of
knowledge like insecurities, gaps and com-
plexity and explains processes of change. It
can explore possibilities of intervention and
avoidance of potential catastrophic impacts
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of influencing factors. Therefore, it deepens
the knowledge and reveals the limits of that
knowledge. Scenarios can be created as part
of a communication process and serve as a
tool to support the understanding of a topic
or problem for a diverse group. They can also
enhance communication and information
and that way expand the understanding. The
third function of scenario analysis is to sup-
port the development and concretization of
specific goals that should be aimed for or
keptin mind. They can serve as a tool to de-
velop normative ideal images of the future or
to help reflect about the desirability of future
developments. Lastly, scenario analysis is a
tool that can be integrated into decision-
making and strategic planning processes as
it helps to identify limits of knowledge and
decrease uncertainty and complexity. It cre-
ates concise alternatives for taking action
and identifies possible risks and possibili-
ties.

Qualitative scenario analysis is often trans-
disciplinary and includes relevant stakehold-
ers in the process. This enriches the analysis
and increases the robustness of the possible
scenarios created.

One limit of the qualitative scenario analysis
is that it generally does not create forecasts
or prognoses, because it aims for the crea-
tion and description of alternative futures in
an imaginable space from the present to a
certain point in the future. Independent of
the chosen approach, to some extent the
scenario analysis always includes subjective
decisions.
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B
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M @ |dentify a research topic and

reflect on the purpose and limita-
tions of qualitative scenario analy-
sis.

Step 1: Identify Research Topic

Think of a specific research topic for
qualitative scenario analysis (e.g., cli-
mate change,
healthcare).

digitalization,

Step 2: Define Purpose

Note down three goals you want to
achieve with scenario analysis (e.g.,
identifying knowledge gaps, exploring
intervention possibilities).

Step 3: Reflect on Limitations

Consider which subjective decisions
you will need to make and how you can
make them transparent. Briefly dis-
cuss how involving stakeholders can
increase the robustness of your sce-
narios.

Step 4: Practical Implementation

Develop an example of how you can
use the results to avoid negative im-
pacts. Create a short list of interven-
tion possibilities.
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Scenario Cone of
Plausibility

Scenarios are design work and are based on
hypothetical assumptions. A common de-
piction of the scenario analysis is the cone of
plausibility, also called funnel.

This approach assumes that systematically
looking into the future creates a space of
possible future developments. As the time
horizon extends, the number of potential
outcomes increases, causing this space to
expand in a cone or funnel shape. Examining
the development possibilities from a specific
point, considering the various factors or as-
pects that shape the research topic, reveals
that these possibilities become increasingly
diverse as the time horizon extends. Individ-
ual factor-related funnels emerge for each
influencing factor (Figure 4, left graphic).
These factor-related funnels constitute the
common space of possible futures for the re-
search topic. This is represented by the sce-
nario funnel, with the funnel’s boundaries
delineating the limits of the possibilities (Fig-
ure 4, right graphic).

The scenario methodology looks at the sce-
nario funnel at a specific point in time.
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Various characteristics or courses of the fac-
tors up to this point in time are selected,
combined and condensed into scenarios.
The selection of factors and their character-
istics depends on the research project's in-
terest in knowledge.

The scenario cone, which shows the range of
possible future developments, is spanned
along the extreme scenarios, which display
the limits of the possible future develop-
ments in the most positive (desirable) and
negative (undesirable) manner.

In general, there are almost infinite pictures
of the future that can be created within the
scenario analysis. Typically, the number of
scenarios is held rather small to keep the
analysis manageable. In the literature the
number of scenarios varies, butitis generally
recommended to keep it between 4 and no
more than 10, unless the research topic itself
specifically requires more (e. g. if it is highly
complex and highly uncertain or the goalis to
create a broad range of different scenarios
for a specific purpose). The number should
not be less than four as having only three
scenarios creates the risk of orientation to-
wards the middle scenario. Two scenarios
appear as two extremes, one positive and
one negative, which leaves only little space
for creativity and open discussion on the

Figure 4: Factor-related funnel and scenario funnel (Kosow & GaBner, 2008, pp. 15)
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research topic. Creating only one scenario
will make the scenario appear like the most
likely scenario (Pillkahn, 2008, pp. 200).

?e

Additional introductions to
the concept of future and scenarios
can be found here:

“How to navigate our uncertain fu-
ture” by April Rinne at TEDxFrankfurt
(06.01.2020):
https://www.youtube.com/watch?v=

mlzyH8kodCs

“Coping With Uncertainty” by
MindToolsVideos (28.10.2019):
https://www.youtube.com/watch?v=
S3CU2kOBt3s

“Futurist Peter Schwartz on planning
for the unthinkable” by INSEAD
(27.04.2012):

?v=

https://www.youtube.com/watch
&zEVNeIH 74 J
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Phases of the Scenario
Analysis

In general, the scenario process can be di-
vided into five phases, which are designed
using different techniques depending on the
approach taken (Figure 5; Gausemeier et al.,
1998, pp. 115; Kosow & GaBner, 2008, pp.
24).

In the first phase, the scenario field is de-
fined by identifying the object of study and
establishing the boundaries of the analysis.
This step outlines what the created scenar-
ios aim to explain and defines the object of
research and the topic delimitation for the
development of the scenarios as well as the
limitations for the scenario analysis. In addi-
tion, the scope of the scenario analysis is de-
fined, which concretizes the project. The per-
spective to be adopted regarding the investi-
gation is determined: In a closed design field
such as an organization, primarily internal
factors are relevant. An environmental per-
spective focuses primarily on external fac-
tors such as environmental influences, while
so-called system scenarios examine the in-
terrelationships between the two types.

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Scenario field Key factor Key factor Scenario Scenario
identification identification  analysis generation transfer

/> 0

Figure 5: Five phases of the scenario analysis (Kosow & GaBner, 2008, p. 25)
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It is important to choose a concrete and un-
mistakable topic with a clear definition,
which emphasises the need for a precise de-
scription of what the scenarios should ex-
plain.

Exemplary topics in the

EXAMPLE | context of this workbook

could be:

- The future of plastics recycling - A
sustainable circular system for high-
performance plastics

- The future of plastic waste manage-
ment in urban areas,

- Circular business models for the
fashion industry,

- Food waste reduction in households.

In the second phase, key factors are identi-
fied that describe the scenario field and have
an impact on it or with which the field has an
external impact. They represent the central
consideration during the process and can be
trends, variables, parameters, develop-
ments or even events. They can be identified
with the help of in-depth desk research or
also in a participative manner such as expert
interviews, which can also be used for exter-
nal validation of desk research findings.
There are also numerous other techniques
which may be feasible, depending on the ob-
ject of the scenario analysis.

L B3
T Another useful tool is the

PESTEL analysis. It is an environ-

mental analysis that identifies influ-
encing factors based on six catego-
ries, which give the analysis its
name: political, economic, socio-
cultural, technological, environmen-
tal-geographical, and legal (Euro-
pean Commission, n. d.; Karadzhov
& Patarchanova. 2025; Kaufmann,
2021, p. 19).

2 CIRCULAR
N2 FoAM

It can support the collection and sys-
tematisation of factors in the process of
this phase (Wegener et al., 2025, pp.
27).

Itis crucialto reduce all possible influencing
factors of the topic to a manageable number
of the most important influencing factors,
which are called key factors. A possible
method to achieve this is by using a Wilson
matrix, which will be introduced in the fol-
lowing chapter. The key factors are those fac-
tors which are most important for the future
development of the research topic and are
the most unpredictable ones regarding the
possibilities of future development (Pillkahn,
2008, p. 202).

In the context of the future
of plastics recycling in the
EU, plausible key factors can for example be:
global responsibility and coordination (polit-
ical factor), development of digital services
and data availability (economic factor),
awareness for circular economy (socio-cul-

EXAMPLE

tural factor), design for circularity (techno-
logical factor), importance of ecological
transformation for companies (environmen-
tal-geographical factor) and financial incen-
tive systems for collection (legal factor).

?e
f Ii An in-depth scenario analysis\

on “The future of plastics recycling—A
sustainable circular system for high-
performance plastics” with all neces-

sary steps for the conduction of the
analysis can be found in: Wegener et

Qlu 2095 J

In the third phase, the key factors are ana-
lysed further, and their possible future char-
acteristics arerecorded. The focus hereison
determining and describing the characteris-
tics. This step is carried out in different ways
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in the literature and always includes intuitive
and creative aspects for imagining various
future developments: Desk research and in-
terviews are broadly used but also creative-
intuitive approaches such as brainstorming
techniques are possible. Expert interviews
can be carried out to validate the findings.
The goal of this phase is to identify possible
developments of each key factor, which are
called characteristics, projections or varia-
tions.

In the context of the future
EXAMPLE

of plastics recycling, the

importance of ecological transformation for
companies may be considered a low priority
in the future, resulting in a “service by the
book” approach, which can be considered
the first projection. Alternatively, this key fac-
tor could be given high priority, prompting
companies to take on the role of pioneers
and change agents - projection 2.

Scenarios are now developed and con-
densed during scenario generation in phase
four. Here, in addition to the identified key
factors, their characteristics are also sys-
tematically presented. This involves the cre-
ation of consistent factor bundles, for which
one characteristic of each key factor is com-
bined in a systematic manner to consistent
and possible scenarios. The aim is to create
different scenarios, which are inherently
consistent but diverse between the different
scenarios, illustrating the funnel of the sce-
nario analysis. This phase concludes the
scenario analysis in a narrower sense and
can be done using a morphological field,
which illustrates the analysis and gives an or-
ganised overview on the key factors and its
projections.
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“The general morphological
analysis (GMA) is a method for sys-
tematically structuring and analyz-
ing the total set of relationships con-
tained in multi-dimensional, non-
quantifiable problem complexes.”

Parameters are identified and de-
fined, and a range of relevant values
or states are assigned creating a
morphological field as the parame-
ters are set against each other in a
table format.

In context of scenario analysis, it
can illustrate the key factors and
their projections and help examining
all the configurations that are plau-
sible, consistent and important
(Ritchey, 2009, pp. 1; Ritchey, 2001,
pp. 83).

Parameter A

Parameter C Parameter D

Parameter B

Condition A1 Condition B1 Condition C1 Condition D1

Condition C2

Condition B2 Condition D2

Condition A3 Condition B3 Condition C3

Condition A4 Condition C4

Condition C5

Figure 6: Morphological field (Ritchey,
2009, p. 3)

Thefifth phase is optional and represents the
scenario transfer. It is therefore not directly
part of scenario creation but is the further
use or processing of the generated scenar-
ios. It can help fulfil different functions that
the scenario analysis should meet and can
be used as a communication tool to further
transfer, explain and help permeate the
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different scenarios. Possible designs of the
transfer can be illustrations, narrations or
videos. Qualitative scenario transfer is con-
ducted in a creative manner.

2 CIRCULAR
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Step 4: Generate Scenarios

Use a morphological box to system-

¢
f ii Demonstrative illustrations of\

possible scenario transfers can be
found here: Friedrich-Ebert-Stiftung,
Global Future and International Or-
ganization for Migration. Tomorrow’s
World of Migration. Geneva, Switzer-
land: FES, Global Future, IOM, 2017.

\_

=

[ 3 J

4 @ Apply the phases of the
qualitative scenario analysis to a
manageable topic.

Step 1: Determine the Scenario Field

Topic: Choose a small, manageable
topic. Set the Scope: Determine the
perspective (internal, external, or
system factors) and the time frame
for your analysis.

Step 2: Identify Key Factors

Identify the critical factors of your
topic using a desk research, expert
interviews and PESTEL-Analysis.

Step 3: Analyse Key Factors

Based on your research and inter-
views, describe possible future char-
acteristics of the key factors. You
can also use brainstorming tech-
niques to imagine various future de-
velopments and conduct a joint ex-
pert workshop to validate and refine
your findings.

J

atically combine key factors and
their characteristics and select a
manageable number of scenarios
(e.g., 2-3) that represent the most
plausible and relevant futures.

Step 5: Transfer

Based on your scenarios, outline
possible measures or recommenda-
tions for your topic.

Reflect on how the scenarios can be
used to inform decision-making or
strategy development.

Minimal, Standard and
Maximum approach

According to Pillkahn (2008, pp. 200), there
are different approaches that can be under-
taken for scenario analysis: Minimal Ap-
proach, Standard Approach, and Maximum
Approach. They represent increasing levels
of methodological depth and structural dili-
gence in strategic scenario planning. Each
approach suits different levels of complexity,
available resources, and desired depth of
analysis, ranging from low-complexity, re-
source-efficient methods to highly sophisti-
cated, research-driven procedures.

The Minimal Approach represents the most
streamlined form of scenario analysis, fo-
cusing exclusively on the essential steps
necessary to generate preliminary insights. It
is typically applied in situations where time
and resources are limited, or when the ob-
jective is to gain a quick orientation within a
volatile or uncertain strategic environment.

22



In this approach, only the most critical influ-
encing factors are identified and used to for-
mulate a small set, often only consisting of
two uncertain factors. Techniques employed
include rapid desk research, short and fo-
cused expert workshops, simple qualitative
projections and a four-quadrants matrix.
While this method sacrifices granularity for
speed and efficiency, it can be highly valua-
ble as an entry pointinto more elaborate sce-
nario work.

The Standard Approach typically begins
with the systematic identification and analy-
sis of key factors and uncertainties, which
typically range between 3 to 8 uncertainties.
The scenario development process often
yields multiple plausible future configura-
tions that are still manageable, including not
only extreme outcomes but also intermedi-
ate possibilities. Methodologies such as ma-
trix-based scenario building like a Wilson
matrix, morphological analysis, interdiscipli-
nary expert panels, and structured work-
shops are commonly used. The Standard Ap-
proach is particularly suitable for applica-
tions in corporate strategic planning, public
policy design, and other decision-making
contexts where moderate complexity and
uncertainty must be addressed without em-
barking on a fully resource-intensive re-
search design.

Oo
II A widely used tool for the

standard approach is the Wilson ma-
trix (Pillkahn, 2008, p. 202).

Each influential factor is evaluated
according to its degree of uncer-
tainty regarding the continued devel-
opment and the possible impact of
the factor on the potential develop-
ment of the topic.
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The factors with a high degree of un-
certainty and a high degree of im-
pact are especially important. They
are considered “critical factors” and
become the key factors of the analy-
sis. Factors with high impact but low
uncertainty are considered certain
factors and are the same for every
scenario that will be created. Irrele-
vant factors have a low impact and
can vary between a low and a high
degree of uncertainty. They are also
the same for every scenario.

The Wilson matrix can be used in
participative settings to identify the
key, certain and irrelevant factors
and as a general visualisation tool.

Y B N

Certain Critical

High

Impact on
Further Development

Irrelevant

H . ’
2 =
2]

Low High
Occurrence and Projection
Uncertainty

Figure 7: Wilson matrix (Pillkahn, 2008,
p. 202)

The Maximum Approach represents the
most methodologically rigorous and re-
source-demanding form of scenario analy-
sis. It is generally reserved for contexts that
demand high precision, comprehensive cov-
erage of uncertainties of usually more than 8
uncertain factors, and the capacity to model
complex interrelationships such as large-
scale policy frameworks, high-stakes corpo-
rate strategies, or research-driven foresight
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projects. Here, the analytical process en-
compasses a broad set of phases: identify-
ing relevant factors, performing dynamic sys-
tem modelling, analysing cross-impacts,
and iteratively refining scenarios through
multiple expert workshops. Quantitative
methods such as cross-impact analysis,
consistency analysis, Wilson matrix, mor-
phological analysis are frequently combined
with qualitative expertise. The result is a set
of robust scenarios that not only capture ex-
treme possibilities but also reflect nuanced,
multi-dimensional developments. This ap-
proach facilitates early detection of weak
signals, the exploration of systemic risks,
and the identification of resilient strategies
under conditions of profound uncertainty.

These three approaches provide a versatile
methodological spectrum, enabling analysts
to align the scope, depth, and complexity of
their scenario analysis with strategic needs,
resource availability, and decision-making
context. While the Minimal Approach priori-
tises speed and feasibility, the Standard Ap-
proach balances practicality with analytical
richness, and the Maximum Approach deliv-
ers the highest level of methodological ro-
bustness at the cost of substantial resource
investment.

B
[ M |
M@ Rcflect on a recent strategic

decision or planning challenge in
your organization, research or daily
life. Identify which scenario ap-
proach would be most suitable, and
explain your choice based on con-
text, available resources, and the
complexity of uncertainties involved.

Which factors led you to select this
approach, and how could the sce-
nario analysis process improve deci-
sion quality in your specific case?
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