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A B S T R A C T   

This Perspective article presents a novel, participatory scenario development method for studying the energy 
transition. It shows how moving towards transdisciplinarity can inform formal scenario analysis and enhance 
modelling by engaging stakeholders and scientific communities to co-develop energy transition scenarios. The 
innovative approach combines participatory elements of morphological analysis with formal cross-impact bal
ance analysis (CIB), and it was tested at a series of energy transition scenario workshops held in 2021 both 
virtually and in person. Focusing on the first workshop of the series, we present the resulting data collection 
strategy and critically reflect on the analytical potential of the approach. We highlight the advantage of CIB in 
grasping the complexity and the multi-scale nature of the energy transition, as it enables computing of how 
different driving forces interact. We also demonstrate that leveraging morphological analysis for data collection 
in participatory scenario workshops yields a more participatory approach to CIB. Some limitations notwith
standing, the insights from the scenario workshops following the novel approach suggest further avenues for 
improving the process of online participatory scenario methods. This holds significant potential for empirical 
research under the conditions of a global pandemic and for scenario analysis more generally.   

1. Introduction 

The clean energy transition depends on multiple and interdependent 
driving forces, including normative goals, public policies, technology, 
societal factors, and economics [1–8]. The resulting complex in
terdependencies call for a holistic, systems-level approach to studying 
energy transition dynamics [9,10]. It is difficult to visualize, let alone 
comprehensively analyze, such complex interdependencies. Scenario 
methods relying on a system analysis approach have proven useful in 
this context [11,12]. An increasingly popular approach to studying the 
energy transition scenario is cross-impact balance (CIB) analysis, which 
has gained prominence due to its application to Germany's Energiewende 
[13,14]. 

The CIB method depicts future scenarios as emerging from the in
teractions between combinations of driving factors or ‘variables’ (say, 
national trade policy), each with multiple possible ‘end-states’ (e.g., 
trade policy following a protectionist or a liberal paradigm) [15,16]. CIB 
considers interdependencies between both qualitative and quantitative 
driving factors through a systematic and transparent process, making it 
an effective method for assessing plausible outcomes of interconnected 
social, technological, economic, and environmental elements of energy 
transitions. Moreover, the CIB method can capture problems charac
terized by variables operating at multiple scales (e.g., global, regional), 
levels (e.g., community, national), and sectors (e.g., energy, agriculture, 
water). 

Typically, CIB relies on expert elicitation [17]. While different 

* Corresponding author. 
E-mail address: jude.kurniawan@uwaterloo.ca (J.H. Kurniawan).  

Contents lists available at ScienceDirect 

Energy Research & Social Science 

journal homepage: www.elsevier.com/locate/erss 

https://doi.org/10.1016/j.erss.2022.102815 
Received 1 March 2022; Received in revised form 9 September 2022; Accepted 13 September 2022   

mailto:jude.kurniawan@uwaterloo.ca
www.sciencedirect.com/science/journal/22146296
https://www.elsevier.com/locate/erss
https://doi.org/10.1016/j.erss.2022.102815
https://doi.org/10.1016/j.erss.2022.102815
https://doi.org/10.1016/j.erss.2022.102815
http://crossmark.crossref.org/dialog/?doi=10.1016/j.erss.2022.102815&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Energy Research & Social Science 93 (2022) 102815

2

experts may provide input data for CIB analyses, these experts usually do 
not interact. This, presents a challenge to the CIB scenario method as 
conventionally applied, as well as against the backdrop of the rising 
prominence of transdisciplinary research on complex social challenges 
like the energy transition [18,19]. Transdisciplinary approaches high
light that research processes should center around the inclusion of 
practitioners and continued interaction with them, although discussions 
continue on definitions [10,18,20]. When it comes to generating 
knowledge and feasible suggestions regarding problems that are char
acterized by deep uncertainties, non-academic expertise is deemed 
equally important to scientific expertise. As part of transdisciplinary ‘co- 
production of knowledge’, practitioners are usually involved in all 
stages of the research which leads to the co-creation of knowledge and 
the use of the scientific outputs by both the scientific and the practi
tioner communities. 

Studies have shown that participatory approaches in scenario 
development can improve outcomes. By drawing on different types of 
knowledge, they are better able to define the relevant factors of system 
changes from both techno-economic and socio-political perspectives, 
and therefore make scenarios more relevant and plausible. The partici
patory process also increases ownership for involved stakeholders as 
well as transparency, clarity, and the legitimacy of the findings. This can 
improve the usability of the results by the targeted audience and enable 
learning [21–26]. 

The growing importance of transdisciplinary research challenges 
established scenario techniques. It demands scenario analysis to be truly 
participatory, engaging experts and stakeholders across pertinent policy 
fields in an ongoing dialogue [27–29]. For researchers, increasing the 
participatory element in scenario development has the advantage of 
generating rich qualitative data through the discursive interaction 
among participants with different backgrounds [30,31]. However, the 
practical application of the participatory method also presents new 
methodological challenges. This Perspective reports and reflects on the 
experience gathered during a series of scenario workshops held in 2021, 
where the author team implemented a novel approach towards partic
ipatory CIB analysis for data collection for formal CIB analyses. We focus 
our analysis specifically on the learnings from the first workshop of this 
workshop series conducted online. 

The aim of the present article is two-fold. First, it shows how formal 
scenario analysis can profit from participatory morphological analysis 
for collecting data for CIB analyses. The focus of the discussion here is on 
the methodological innovation regarding data collection and the com
bination of research techniques, and a critical reflection on the lessons 
learned. Second, the article highlights how scenario analyses used in 
energy transition research can be advanced by participatory approaches 
to data gathering. It argues that online-based stakeholder workshops 
using targeted visualization techniques for morphological analysis may 
offer a meaningful and feasible alternative to qualitative scenario 
building in physical settings. Overall, the article demonstrates that our 
novel approach will be useful for energy researchers working on 
developing energy transition scenarios that consider systemic in
teractions in a transdisciplinary manner. 

2. A participatory approach to scenario building 

2.1. Cross-impact balance analysis 

Scenario analysis is an important component of energy transition 
research. It is used to understand alternative futures, also with a view to 
informing or influencing policy decisions [32–34]. Depictions of the 
future can be represented as quantitative projections and/or qualitative 
narratives. CIB has gained prominence as a scenario method that sits 
between quantitative and qualitative approaches, also in the field of 
energy research [12]. It produces qualitative scenarios by identifying 
pertinent elements of the studied system and analyzing interactions 
between driving factors (i.e. scenario variables), and how they unfold in 

the future (i.e. end-states) [15]. For example, a CIB study on the future of 
energy systems in Germany yielded three different scenarios: a small 
decentralized but sustainable system, a large centralized but fossil fuel- 
driven system, and a mix of the two systems [35]. Another study shows 
that the rapid exit from the nuclear and fossil fuel energy system is 
highly influenced by factors of transformational change that are more 
social than technical [36]. Further studies demonstrate that the multi- 
scale nature of energy transitions can be characterized through nested 
or multilevel CIB models [37–40]. 

CIB uses a matrix to document all pairwise interactions of end-states 
between two variables (Fig. 1), that is, how variable X directly in
fluences variable Y. Only direct influences are explictly documented in a 
matrix; however, the matrix represetns all indirect influences as well. 
Influences are represented as numerical values, which are elicited by 
subject matter experts. These influence judgments result in a set of 
internally consistent scenarios, which comprise combinations of how 
different variables will unfold. Consistency is an important precondition 
for scenarios to be plausible [41]. 

2.2. Data collection for CIB analysis 

Data collection is a two-step process in CIB analysis. First, driving 
factors (or variables) are identified, as well as how these variables could 
unfold in the future as distinct end-states in the system of interest 
[42,43]. Scenario variables and their associated end-states are central to 
construct a CIB matrix. Variables, end-states and how they interrelate 
can be generated from open-ended survey responses, interviews, or 
workshop transcripts [44,45] and by deconstructing scenarios in the 
relevant literature [46,47]. End-states are similarly determined using 
different types of information such as texts or transcripts of interest, the 
pertinent literature, and quantitative projections in relevant studies. 

Second, CIB requires judgment on how different variables/ end- 
states interact, which is documented as influence judgments in the 
matrix cells. The focus of this article is on the latter step. Obtaining 
influence judgments typically is based on expert elicitation where spe
cific experts are consulted anonymously, along the lines of the Delphi 
method. The type of actors involved in these exercises include experts 
who, in an interdisciplinary setting, can be from various related aca
demic disciplines [48]. In a more transdisciplinary setting, a broader 
range of stakeholders is usually included as participants, including 
practitioners, members of the civil society or political decision makers 
[49,50]. Several CIB studies engaged in participatory modelling ap
proaches, ranging from three-hour expert discussions [51] to workshops 
lasting several days to obtain influence judgments [50–54]. Participa
tory applications of CIB involve workshops or other interactive formats 
where participants are presented with a portion of a CIB matrix and 
influence judgments are elicited. Utilizing these formats arguably fa
cilitates a richer and more inclusive data collection. Yet, it also presents 
trade-offs between the levels of participation and the mathematical 
formalization in an integrated modelling process [18]. This is, for 
example, because visualizing a portion of a matrix to elicit influence 
judgments may not be intuitive. Participants need some basic under
standing of CIB to participate effectively but training them on the 
method's technical aspects may run into conflict with time limitations of 
a given workshop. Another challenge comes with translating participant 
knowledge into the appropriate format for CIB analyses. Here, a trade- 
off exists between ensuring a high level of stakeholder-based informa
tion and the degree to which this information can be formally processed. 
These challenges can be substantial when applying CIB in a trans
disciplinary manner. 

2.3. Using morphological analysis for data collection for CIB analyses 

A stakeholder-based approach speaks directly to participatory sce
nario planning [55,56] and morphological analysis [57]. Morphological 
analysis is a scenario method examining the interrelationships of non- 
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quantifiable, qualitative scenario variables. For each variable, end-states 
are assigned and arranged in a matrix form. The rows and columns 
comprise scenario variables and end-states respectively, thus producing 
a configuration space called a morphological field (a.k.a. “Zwicky box”) 
[58]. For example, assuming there are three scenario variables with 
three end-states each, the resulting morphological field is one of 3 × 3. A 
scenario will then consist of a combination of end-states, one from each 
variable. Therefore, in the given morphological field, the total number 
of possible valid combinations will be 81 (Fig. 2). Each combination 
must simultaneously fulfill the two conditions of internal consistency (as 
opposed to being contradictory), and of plausibility (as opposed to 
wishful thinking). 

As discussed, CIB analyses document influence judgments, that is, 
how one end-state of a given variable directly influences the end-state of 
another variable. Influence judgments can be presented in a morpho
logical field. As shown in Fig. 2, end-state 3 of variable 1 directly in
fluences end-state 1 of variable 2, represented by the blue arrow. 
Combined, several direct interactions may amount to indirect in
fluences, too. For example, end-state 1 of variable 1 has an indirect in
fluence on end-state 3 of variable 2, as represented by the dotted red 
arrow. The indirect relationship can be decomposed into two direct 

influences where end-state 1 of variable 1 influences end-state 2 of 
variable 3, and by extension, end-state 2 of variable 3 influences end- 
state 3 of variable 2. By capturing all direct influences, we also grasp 
indirect influences in the system. 

Morphological analyses have been applied in a participatory manner 
[59]. For example, as part of the Future of Urban Mobility project in 
Singapore [60], diverse stakeholders were invited to a one-day work
shop to develop scenarios. The participants were presented with a 
morphological field diagram to visualize and finally choose a combi
nation of end-states that were consistent, meaning that these end-states 
could potentially occur together. 

While this approach succeeded in engaging participants in a co- 
creation process, workshop participants would eventually only iden
tify one or two consistent combinations from thousands of possibilities. 
This is, for most part, a function of the constrained human mental ca
pacity to process the vast number of highly complex interrelationships 
between different end-states in a given morphological field, as well as of 
the limited time available in a participatory workshop. Furthermore, the 
use of intuitive judgments remains a subjective exercise even for expert 
stakeholders. This is where CIB offers a distinct analytical advantage, 
thanks to using a computational technique for identifying consistent 

Fig. 1. Illustration of CIB matrix comprising three variables.  

Fig. 2. Morphological field of stylized interactions of variables from CIB matrix.  
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scenarios. Though computer-based General Morphological Analysis 
(GMA) could, in principle, be also used, CIB is an easier and open-access 
way of doing it. Importantly, it is possible to translate a morphological 
field produced in a stakeholder-based scenario workshop into a CIB 
matrix by processing the interrelationships among different end-states 
identified by the workshop participants. 

The novel approach presented in this paper rests on combining 
formal CIB with a stakeholder-based morphological analysis to collect 
data (influence judgments). Morphological analysis can be used to make 
CIB studies more participatory engaging diverse stakeholders. At the 
same time, the computational strength of CIB can be used to compre
hensively identify all consistent combinations of end-states, using a 
powerful software (i.e. ScenarioWizard) [61]. The next section reports 
on the insights gained from the first workshop conducted online, as part 
of a series of scenario workshops carried out on the energy transition in 
the Global South. 

3. Applying the participatory CIB method to energy transition 
research 

3.1. The context: the energy transition and the Global South 

The participatory CIB approach was implemented in a series of sce
nario workshops conducted as part of the Investigating the Systemic Im
pacts of the Global Energy Transition (ISIGET) research project, funded as 
part of the French-German Make Our Planet Great Again research 
initiative. The aim of the project is to generate a set of comprehensive 
energy transition scenarios until 2050 and develop recommendations for 
equitable forms of energy transition governance in the Global South. 
Analytically, the research accounts for the complex interdependencies of 
driving forces at multiple scales (e.g. technology value chains, financial 
flows, geopolitics, and sustainable development). 

A global workshop and four country-level workshops were con
ducted between February 2021 to December 2021 to map the landscape 
of energy transitions based on various challenges faced by developing 
countries and emerging economies. The learnings from the global 
workshop informed the participatory scenario planning exercises in four 
selected country case studies (Fig. 3). The scenarios produced for each 
country case study subsequently informed the policy recommendations 
in ‘sensemaking workshops’ with the participating country-level stake
holders. Below we report the learnings focusing on the global workshop 
that was conducted online. 

The scenario workshops comprised two-day sessions either in a 
physical or in an online format. The online format was a function of 
necessity due to the Covid-19 restrictions in the various countries. The 
virtual setting, in turn, necessitated informed methodological choices 
for scenario development by adapting morphological analysis for 
participatory data collection in CIB. On the one hand, the online 
workshop clearly replicated the physical workshop. On the other hand, 
the format allowed us to critically revisit aspects of the physical work
shop to optimize the participatory approach to gathering knowledge. We 
implemented a virtual collaboration tool using Miro and trained a sup
port team as notetakers and modelers. 

3.2. Global scenario workshop: extracting variables 

The global workshop was held on February 10th and 11th, 2021. 
Participants comprised a select group of experts who were invited based 
on their knowledge of global as well as regional energy transition pat
terns and dynamics. Given the importance of an involved group dis
cussion for the participatory scenarios (even more so in an online 
setting), the group was kept relatively small. The 22 international ex
perts represented a gender-balanced cross-section of researchers and 
practitioners from the public and private sectors whose works related to 
one or more regions in the Global South such as Latin America and 
Southeast Asia. The workshop format started with a plenary session 
followed by four breakout group sessions. The goal of the plenary ses
sion was to identify the main challenges and barriers related to the en
ergy transition, including geopolitical, financial, socio-economic, and 
socio-technical challenges. Recognizing that the energy transition 
could take shape differently across world regions [62], participants met 
in four breakout groups based on their specific regional expertise on 
Latin America, Sub-Saharan Africa, Middle East and North Africa, and 
Southeast Asia. 

3.2.1. Plenary discussions: extracting scenario variables 
Conventionally, scenario variables are extracted by the research 

team through horizon scanning, that is by identifying driving factors 
from a plethora of printed media (e.g., news articles, academic litera
ture). However, such a process does not align with the transdisciplinary 
approach. In line with the latter, the workshop participants were instead 
asked to decide which variables should be considered in the scenario 
development process. The plenary was used for focus group discussions 
to extract scenario variables that may impact the energy transition. Two 
trained notetakers identified any factors that were mentioned by par
ticipants as impacting the trajectory of the global and regional energy 
transition. Using Miro, a visual mapping tool, the notetakers created a 
yellow sticky note for each distinct factor. The nature of the discussion 
meant that some factors identified were very specific (e.g., levelized cost 
for solar and wind) while others were more general (e.g., cost of renewable 
energy). The latter were used as ‘containers’ for the more specific factors. 

These factors were grouped thematically by the notetakers to 
generate variables. The work of capturing and categorizing different 
factors to produce scenario variables was carried out in parallel to the 
plenary while the presentations and discussions were ongoing. The 
extracted scenario variables formed the basis of the second analytical 
step, that is their discussion in the regional respective breakout groups. 

3.2.2. Regional breakout groups: selecting scenario variables, identifying, 
and interconnecting end-states 

Four breakout group sessions on Latin America, Sub-Saharan Africa, 
Middle East and North Africa, and Southeast Asia then discussed the 
results from the plenary session and their applicability for a given re
gion. The breakout group sessions were conducted in three stages, 
requiring participants to (1) select scenario variables, (2) identify 
plausible end-states for each variable, and (3) interconnect end-states 
that influence each other. 

First, the participants of the regional breakout groups selected the 

Fig. 3. Research strategy for producing energy transition scenarios.  
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most important and most uncertain variables in relation to energy 
transition processes in their respective regions, a process that was 
facilitated by a short open discussion followed by an online voting sys
tem. Second, participants were asked to identify at least two end-states 
that were mutually exclusive for each variable. A modeler assigned to 
each group worked in the background creating a morphological field 
(Fig. 4), depicting the variables and their respective end-states as envi
sioned by the group. This second step is identical to what is typically 
done in conventional scenario planning processes using morphological 
analysis. 

Finally, the participants identified interrelationships between end- 
states, creating an influence diagram that would be used for the subse
quent formal CIB analyses. Again, using Miro, arrows graphically indi
cated a directional influence (causation) between two variable end- 
states (Fig. 4). 

Participants were only asked to describe direct influences promoting 
but not inhibiting transformative effects. They were encouraged to draw 
as many interconnecting arrows as they saw fit. Any influence inhibiting 
change was left to be calculated in the CIB. This is an analytical choice 
which leverages the CIB principle that the judgment group must be 
balanced: the promoting influence was recorded as a positive value, so 
the opposite end-states would record negative values, thus making the 
sum of the judgment group equate to zero or ‘balanced’. Also, making 
participants focus on imagining promoting influences is more intuitive 
and can be done expediently within the available time. That said, this 
choice comes with limitations. Notably, it rests on additional assump
tions on the logic of CIB models. Moreover, the magnitude of the in
fluence is not captured. The approach as chosen therefore poses 
limitations for data collection for CIB, which could be an area for future 
improvement. 

The influence diagram marks the end of data collection. We left the 
process of identifying consistent scenarios to CIB and the entailed 
computational techniques after the workshop (for more detail infor
mation on CIB analysis, please see Weimer-Jehle (2006) [15]). 

3.3. Next steps: local expert interviews and case study scenario workshops 

The results from the global scenario workshop informed the identi
fication of local variables in four country case studies. After the 
completion of the global workshop, the transcripts from the global 

scenario workshops qualitatively coded to extract scenario variables and 
possible different end-states. Transcripts from the breakout groups 
further allowed analyses of which variables were relevant in specific 
regions. The workshops yielded three variables relevant to all regions 
and nine variables that were important for specific regions. For each 
region, one country was further selected as a case study for developing 
energy transition scenarios: Chile, Jordan, Kenya, and Malaysia. 

The next step after the global workshop was to determine the rele
vance of ‘regional’ variables for specific country cases. To this end, for 
each country case study we conducted around ten semi-structured in
terviews with the local experts and stakeholders. These interviews took 
place in the summer and early fall of 2021. During these interviews, we 
asked participants to rate the importance of the nine scenario variables 
for their respective countries and suggest potential missed variables. 
Reflecting specific local contexts, certain variables were selected as 
being a determining factor for a given country whereas others were not. 
Given the nature of the participatory scenario planning exercise, we 
impose a limit of selecting up to nine scenario variables for the scenario 
development process. The nine variables could be adequately discussed 
in the two-day workshops that followed for each country case study. The 
participatory scenario workshops for the four country case studies were 
conducted in the fall of 2021. They were conducted in different formats: 
fully online (Chile), physical setting (Jordan and Kenya), and hybrid 
(Malaysia). During these workshops, participants were presented with a 
morphological field diagram comprising of scenario variables and end- 
states for each country, and then produced corresponding influence di
agrams as data inputs to computational scenario modelling using CIB 
analysis. 

4. Methodological add-on and limitations of participatory 
scenario development using CIB 

Overall, the workshops conducted with the novel approach demon
strated that an expert-based scenario analysis technique such as CIB can 
be reconciled with the imperative of stakeholder-based research by 
adapting morphological analysis as an intuitive data collection tool. 
Here, we offer reflections on the methodological add-ons, describe les
sons learned during the process, and discuss the limitations of using 
intuitive participatory CIB. 

Fig. 4. Influence diagram for Latin America breakout group.  
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4.1. Reconciling inherent epistemological tensions 

As a matter of principle, the specific benefit of scenarios differs 
depending on whether the focus of a given scenario exercise is on the 
‘process’ or the ‘product’ [63]. ‘Scenario-as-a-process’ aligns with 
participatory scenario development including, in our case, morpholog
ical analysis. It engages participants to imagine radical but plausible 
futures [64]. Because participants are encouraged to think out of the 
box, they are able to internalize different options for future de
velopments and, therefore, learn during the exercise [55,62]. However, 
participatory scenarios are based on the participants' subjective in
terpretations. This inevitably raises issues on the subjectivity of the 
scenarios [65]. In other words, scenario-as-process may not align with 
the core criterion of a scenario being objective. In contrast, the ‘scenario- 
as-product’ approach is often viewed as a scientific assessment that can 
chart the evolution of driving forces [66]. Evolutionary pathways can 
inform policy decisions as they allow tailoring the scenario process to 
support desirable pathways or resist undesirable ones. 

This tension can in part be reconciled by separating data collection 
from formal scenario development. For CIB studies, participants may 
find it hard to envision the cross-impact relationships among variables 
presented in a matrix. Fortunately, morphological analysis can be 
applied in a participatory manner, allowing data collection for the 
purpose of CIB analysis. Moreover, the morphological field presented 
visually facilitates qualitative data collection more expediently in a 
participatory scenario workshop. Morphological analysis can help 
identify, structure, and investigate possible relationships involved in the 
complexity of energy transitions [67]. For participatory CIB, as proposed 
in this article, we combined morphological analysis and CIB analysis 
into a coherent scenario development process. Stakeholder-based 
morphological analysis allows focusing on the participatory compo
nent of this process, whereas testing what-if assumptions, as well as 
traceability, is fundamental to CIB analysis [68]. Thus, participatory CIB 
is both scenario-as-a-process and scenario-as-a-product, resulting in (1) 
the ability to test what-if assumptions and (2) an internalization of 
knowledge, problems, and solutions as participants interact to find a 
common ground and shared visions. 

4.2. Procedural innovation 

Research suggests that graphical products such as diagrams, sketches 
or drawings help with human visual cognition [69]. Visual representa
tion of knowledge in a form of concept mapping like the morphological 
field produced in these workshops can aid the participants' compre
hension in assimilating abstract ideas [70]. Several procedural tweaks 
helped enhance data to be collected more expediently and improve 
interaction among participants. Notably, virtual whiteboard tools such 
as Miro allowed for a tangible display of the constructed morphological 
field from which an influence diagram was then produced. 

For the global online scenario workshops, placing a modeler in each 
breakout group to assist group moderators proved crucial for the session 
chair to focus on moderating the discussion and the interactions among 
participants, while the modeler secured data and captured the complex 
interrelations between end-states. Having a modeler to graphically 
present integrated knowledge shared by the participants freed partici
pants up from time-consuming tasks such as updating the virtual 
whiteboard. Without such a burden, participants were able to concen
trate on speaking about and sharing their insights on the topics being 
discussed. Together with the ‘live’ visualizations, this helped keep the 
discussion focused. The interactive exchange among participants also 
fostered co-learning, which is typical in any participatory scenario 
workshop. 

Moreover, the modelers assumed an important role in data extrac
tion. There were continuous feedback loops between the modeler and 
participants about whether their ideas were correctly represented and 
visualized on the virtual whiteboard. Hence, the presence of a modeler 

to facilitate better collaboration in an online workshop—meant as a 
precautionary step—helped participants focus and added clarity. That 
said, the approach comes with additional resource requirements. All 
modelers were scenario researchers with CIB knowledge and a back
ground in systems thinking. Hence, for online workshops, it is impera
tive to ensure sufficient support to facilitate smooth data collection in a 
virtual setting. For the workshops done in physical settings, we specif
ically trained the facilitators to draw interconnections while they were 
moderating the discussions, which also meant additional resource 
requirements. 

4.3. Procedural challenges and support structure 

Building on the above, time was a key challenge to facilitate smooth 
and meaningful scenario building in a participatory online setting. The 
resources needed can be significant, as they imply both a larger team of 
researchers as well as targeted training for modelers, workshop facili
tators or involved support staff. That said, a clear benefit of separating 
participatory data collection from computational scenario modelling is 
avoiding long online sessions that tend to cause ‘zoom’ fatigue. More
over, online workshops were instrumental in overcoming limitations to 
field research brought about by the pandemic. Virtual settings allowed 
interactions across time zones and with support staff located in 
geographically distant regions. For example, the global scenario work
shop involved facilitators based in Potsdam, Germany, modelers based 
in Waterloo, Canada, and expert participants based in different countries 
and world regions. 

During Covid-19, many workshops were moved into the virtual 
space. This has stimulated debates about the advantages and disad
vantages of online workshops and their future use [71–73]. Advantages 
include reduced costs, less time required for planning, more access to 
geographically dispersed participants and reduced environmental im
pacts. This often enables projects that would not have been possible 
otherwise. However, there are certain limitations that need to be 
considered, like the fact that limited online literacy of participants or a 
lack of sufficiently fast and reliable internet access might create new 
patterns of exclusion and reinforce existing ones. In addition, online 
workshops typically come with less in-depth participant interaction than 
in physical settings, which may also reduce their level of engagement. 
These disadvantages can be remedied by adapting the structure of the 
workshop (smaller and shorter workshops are recommended) and 
facilitation technique training. Although we acknowledge calls for on
line events to be used as a stand-alone option that is in itself more suited 
for specific aims [72], this requires a proactive use of the possibilities of 
the online setting and compensating for disadvantages as much as 
possible [74]. 

Another aspect worth discussing is the process of selecting workshop 
participants. As in any research aimed at co-production of knowledge, 
the composition of the group of participants can influence which sce
narios are produced. According to Musch and von Streit (2020) [75], 
participatory elements often fall short of ensuring diversity and research 
teams tend to gravitate to inviting participants with similar back
grounds. While we were careful to consider a balanced selection in terms 
of gender and region, there were other potential group biases that need 
mentioning [76]. Notably, the global workshop was conducted in En
glish and ended up featuring English-speaking experts working for 
prominent international agencies active in the fields of the energy 
transition, finance, and development. Ensuring an even more diverse 
group of participants would bring additional insights as well as 
competing ideas [77,78]. It is important to qualify that a diverse group 
of participants adds benefit only if the participants' level of engagement 
is high. This is especially true when workshops are conducted in a 
foreign language. Ensuring high-level interaction and diversity therefore 
necessitates additional support in the shape of simultaneous translation, 
a challenge that is often difficult to solve for online workshops. For the 
country case studies, we address this by providing translated 
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introductory materials and conducting workshops in the native lan
guage (Spanish in Chile) or providing native-language breakout groups 
(Arabic in Jordan). 

Finally, separating participatory data collection from computational 
scenario modelling comes with the procedural challenge of leaving 
participants without final results at the close of data collection work
shops. Participants clearly co-produce the underlying logic of energy 
transition scenarios, but the full set of scenarios was produced only after 
the workshop had ended. In light of this, one participant suggested that 
demystifying scenario modelling done in the ‘backstage’ would assure 
participants that their contributions to the exercise were not merely an 
‘early prototype’, but instead leading towards the production of more 
robust scenarios using computational models such as CIB. The way we 
dealt with this challenge is by trying to manage participants' expecta
tions by briefly introducing the entire scenario process, unravelling that 
the scenario exercises are more than a ‘black box’. We also set up a series 
of subsequent sensemaking workshops where we discussed the results 
with the involved stakeholders aimed at co-producing policy recom
mendations to achieve desirable scenarios for the energy transition of 
the different country case studies. 

4.4. Resolving differences in opinions 

A final element pertains to dealing with differing opinions. It is 
important to stress that, besides identifying the influence judgments that 
would go into the CIB model, we were also interested in capturing areas 
of participants' agreements and disagreements. In this, our approach 
differed from participatory scenario approaches where participants 
must come to a consensus and differences in viewpoints are typically 
discouraged. In our case, when participants failed to reach a consensus, 
different inputs were considered in the scenario development. In fact, 
the CIB method is attuned to resolving different views. For instance, two 
or more CIB matrices can be constructed each with different influence 
judgments [45]. These matrices can be ‘solved’ individually by pro
ducing different sets of solutions that can be harmonized afterwards. 
Alternatively, the CIB software has an ensemble feature that combines 
different matrices together to form a single matrix to be subjected to CIB 
analysis. The take-away from the workshops as implemented, however, 
is that it is important to reflect on the value of differing opinions prior to 
conducting the analysis. 

5. Conclusion 

This Perspective reported how on a novel participatory approach for 
creating scenarios of the energy transition in the Global South. We 
demonstrated how a formal scenario technique such as CIB can be 
reconciled with the imperative of stakeholder-based research, by way of 
leveraging morphological analysis as an intuitive data collection tool 
and by combining both into a coherent scenario development process. 
Even under conditions of severe pandemic-induced limitations, online- 
based stakeholder workshops were found to offer a meaningful and 
feasible alternative to qualitative scenario building in physical settings. 
In fact, what started as a necessity became an innovative way of thinking 
about scenario research. More specifically, online participatory scenario 
workshops can be facilitated by adopting a morphological analysis 
approach to help structure the scenario process more clearly and collect 
data more expediently. Even as the pandemic situation may ease, the 
way forward will be to build on the reported approach and to innovate 
further in making participatory research methods more resilient, 
including through virtual platforms. 

More fundamentally, we showed that the use of morphological 
analysis in the scenario planning workshop indeed makes CIB more 
participatory. Co-learning was also observed as a benefit of participatory 
scenario planning techniques. As a quasi-quantitative technique, CIB 
offers the benefit of the computational prowess to perform a complete 
search for internally consistent scenarios given complex interactions 

among scenario variables. Scientific communities working on devel
oping scenarios for other sectoral analyses that consider systemic in
teractions of various driving forces may find our novel approach useful. 
Building on stakeholder knowledge, collaborative effort in co-producing 
energy transition scenarios will clearly help better reflect local cultural, 
social, political and economic conditions. 
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