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ABSTRACT 

To accelerate deep decarbonisation in the energy sector, the discipline of economics 

should focus on identifying feasible instead of optimal policies. To do so, economic 

analysis should include four features: complexity (a), non-economic aspects (b), 
uncertainty (c) and stakeholders (d). The aim of this paper is to show that qualitative 

scenario analysis represents a promising alternative to conventional optimisation 

approaches and meets these requirements. This paper develops qualitative scenarios for 

the case study of gas infrastructure modifications with hydrogen and carbon capture and 

storage technologies in Germany. In the results, the six socio-economic qualitative 

scenarios are described in more detail. A comparison between the case study and a 

conventional approach reveals three limitations of the latter and highlights the value of 

qualitative scenario development. The authors distil the advantages of qualitative 

scenario analysis and discuss challenges and chances, that go beyond the case study.  

In conclusion, developing socio-economic scenarios has a large potential to improve 

economic policy assessment. It also allows to catch up with the rethinking of energy 

research taking place in other disciplines. 

KEYWORDS 
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INTRODUCTION 

To mitigate climate change, a transformation towards a low-carbon economy and 

society is urgently needed and requires serious changes over all sectors of the economy. 

For this transformation, the energy sector plays a key role. To reach the goal of limiting 

global temperature increase to well below 2 °C, energy-related emissions must drop by 

over 70% in the next 35 years. For a deep decarbonisation, the way energy is produced 
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and consumed must change fundamentally. An energy system transition is unavoidable 

and comes along with substantial changes of the energy infrastructure [1]. 

Energy infrastructure projects have a long-time scale and require large investment 

decisions to be made today. Decisions about economic investment and energy policy 

shape the future of energy systems for decades. The decision-making for infrastructure 

investments is guided by assumptions about future developments which lead to a great 

diversity of energy futures [2]. From an economic point of view, whether and when it is 

promising to invest depends on expected future returns. Besides the criterion of 

profitability, the chances of a successful implementation also seem to determine the 

investment decision. In this context, not only economic factors such as demand or the real 

interest rate, but also non-economic factors like social acceptance and planning certainty 

play a crucial role [3]. 

However, due to increasing uncertainty and complexity related to the development of 

energy systems, different assumptions and thus future scenarios are possible [4], [5]. 

Uncertainty and complexity pose major challenges for traditional research approaches 

and decision-making in companies and public policy, since they can hardly be grasped 

with traditional methods. Due to the diversity of energy transition scenarios and 

associated uncertainties, the prevailing understanding of an ‘optimal decision-making’ 

derived from one ‘best-solution’ scenario does not work. There is the risk that energy 

strategies and related large investments are based on inaccurate forecasts and thus miss 

the intended goal. Considering the urgent need for actions to combat climate change, this 

might have fatal consequences [2]. 

This paper assesses how economic energy research can cope with this challenge and 

accelerate a deep decarbonisation in the energy sector. The authors argue that economists 

can contribute to accelerated emission reduction by emphasising more how the 

transformation can be achieved. It implies to consider the feasibility of a successful 

implementation. To shift the focus to aspects of implementation and feasibility, a more 

holistic approach is favourable. The line of argumentation runs as follow. Policies that 

are optimal from an economic perspective are not per se the optimal solution for society†. 

There is the risk that optimal policy recommendations will not be chosen by 

decision-makers or fail when it comes to the implementation. A theoretical optimal 

policy that cannot be implemented, can hardly be a suitable recommendation to mitigate 

climate change. An analysis of future development represents the necessary base for a 

policy evaluation. Therefore, economic policy evaluations and thus advice should focus 

on identifying feasible instead of optimal policies. Thus, the paper’s main proposition is 

that to identify feasible policies, economic analysis should include four core features:  

 Complexity;  

 Non-economic aspects;  

 Uncertainty;  

 Stakeholders. 

In this paper, the authors argue that qualitative scenario development represents a 

foresight approach that meets these requirements. The objective of the paper is to show 

that qualitative scenario development is a promising alternative to conventional forecast 

methods to evaluate energy policy. The question of how feasibility and the core features 

can methodologically be implemented into the analysis of energy transitions is key.  

The authors develop qualitative socio-technical scenarios for a case study. These 

scenarios are used to assess gas infrastructure modifications in Germany which are part 

of a European H2/Carbon Capture and Storage (CCS) infrastructure. The qualitative 

scenarios are not the paper‘s main focus, they are used as an application to demonstrate 

                                                
† It applies to a discipline’s specific narrow perspective in general and is not restricted to the economic 

perspective.  



Hoffart, F. M., et al. 
Rethinking Economic Energy Policy Research ... 

Year 2021 
Volume 9, Issue 2, 1080331 

 

3 Journal of Sustainable Development of Energy, Water and Environment Systems 

the value of qualitative scenario development ‒ especially when compared to traditional 

Cost-Benefit Analysis (CBA)-based approaches. 

By talking about conventional economic methods, this paper refers to quantitative 

neoclassical economic models. They can be described as an approach of optimisation in a 

fully characterised closed system. Agents are typically assumed to be fully rational, 

maximise utility and have fixed preferences which lead to a stable equilibrium. 

Furthermore, neoclassical approaches often neglect non-economic aspects, behavioural 

changes and transition dynamics, which play a crucial role in transformation processes. 

Commonly used econometric forecasting models are either explicitly or implicitly based 

on the assumption of structural stability and equilibrium [3].  

In the literature, no economic study has yet analysed the implementation of gas 

infrastructure modifications with hydrogen and CCS technologies focusing on political 

feasibility. The paper is the first one providing a methodological discussion to improve 

economic energy policy by developing qualitative scenarios that enable deep 

decarbo-nisation in the energy sector. 

There are many studies in climate change research and related fields, that use scenario 

analyse to assess climate mitigation strategies. Especially energy scenarios are 

commonly used to evaluate energy strategies [6]. Quantitative scenario approaches like 

energy modelling and techno-economic scenarios still dominate the scientific discourse 

[7]. Bauer et al. [8], for example, quantify socio-economic pathways using energy system 

models integrated with models of land use and the macroeconomy to analyse global 

emission mitigation policies. Robinius et al. [9] develops techno-economic pathways 

using energy modelling to identify cost-effective emission reduction strategies. 

Qualitative scenario approaches are mainly used in the field of future studies, where they 

originate [10], but gain more and more importance. O’Neill et al. [11] develop qualitative 

narratives for shared socio-economic pathways. Weimer-Jehle et al. [12] combine a 

quantitative energy modelling with a qualitative scenario approach to propose 

sociotechnical energy scenarios.  

This development results from the understanding that social acceptance or political 

feasibility of low-carbon transformation are essential for a successful implementation of 

climate strategies. These factors are hardly considered in quantitative analyses [13]. 

Currently, a rethinking of energy research takes place. The attention is changing from 

technical and economic feasibility to a more holistic assessment [14]. Similarly, Schubert 

et al. [15] observes that research questions are shifting from ‘if’ to ‘how’ (or under what 

conditions) the transition can be realised by policy-makers. It implies addressing social 

acceptance and political feasibility.  

Consequently, the young field of transition studies is growing. The difficulty of 

understanding the transition comes with the fact that different aspects such as economic 

development, technical innovation or political change influence the transformation [16]. 

A variety of disciplines, e.g., economics, politics, geography, sociology or philosophy 

now study the transition from different perspectives using different methods [17].  

This diversity is due to the disciplines’ different scope and focus, e.g., ‘sustainability 

transition’ [18], ‘energy transition’ [19] or ‘low-carbon transition’ [13]. Related to the 

rethinking of energy policy analysis, the search for the appropriate method is ongoing 

and represents a central point of the development [12]. Thus, reflections on the 

methodology for understanding the low-carbon transformation are required.  

Considering different theories and methods is an integral part of transition research and 

exceeds disciplinary boundaries [20]. 

In economics, however, qualitative scenario approaches are barely mentioned. 

Donges and Freytag [21] describe qualitative scenario analyses in a textbook as an 

alternative to traditional forecasts to provide orientation for decision-maker to cope with 

unexpected development. According to them, scenario analysis could have helped to 
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avoid false estimations in the context of the transformation process related to the 

reunification of Germany. Still, traditional forecasting methods dominate the discussion 

about the future development. It contrasts with the often-raised critique that these 

methods are hardly helpful in the case of climate change and energy analyses [22].  

The paper argue that the science of economics now lags behind the rethinking of energy 

(policy) research taking place in others research field. In economic literature, there is a 

lack of methodological discussion of economics foresight methods such as qualitative 

scenario approach. 

This paper addresses the lack and makes an original contribution to the existing 

literature in energy policy research as well as economic foresight in different ways: 

 Firstly, it contributes to the catch up of economics with the rethinking of energy 

policy research that takes place in other disciplines. It does so in a methodological 

sense and proposes a way how to integrate political feasibility in the economic 

assessment of energy policies; 

 Secondly, the paper represents an example of how to develop qualitative 

socio-technical scenarios from a complexity economics perspective, as a response 

to the limitations of traditional quantitative methods. By doing so, it contributes to 

the improvement of energy scenarios and energy policy research by including 

stakeholders, non-economic aspects, complexity and uncertainty; 

 Thirdly, the approach of qualitative scenario development is applied to the case of 

infrastructure modification in Germany. In this way, new insights to the current 

debate on factors that foster or hinder deep decarbonisation of the energy system 

in Germany are provided. 

The paper is structured as follows. Section 2 provides an overview of qualitative 

scenario development in general and describes the approach of the case study in more 

detail. In addition, the paper shows in how far qualitative scenario development is used to 

incorporate the four core features by referring to the case study example. In section 3, the 

results of the case study are contrasted exemplarily with a conventional cost-effective 

optimisation analysis. By doing so, the value of qualitative socio-technical scenarios as 

economic foresight method is shown. Section 4 discusses challenges and chances of 

qualitative scenario development as a promising alternative to economic forecasting that 

go beyond the case study. The paper ends with concluding remarks.  

METHOD 

This section introduces the method of qualitive scenario analysis in general.  

The approach of this paper’s case study is described in more detail. It is shown how the 

scenario analysis allows to consider the four core features. 

Qualitative scenario development 

The concept of scenarios has its origin in the field of future studies, which is also 

called futurology [23]. There is no single scenario approach in the literature but many 

divergent classifications and definitions [24]. In general, scenarios describe “a possible 

situation in the future, based on a complex network of influence factors” [25]. In this 

sense, they “reflect different assumptions about how current trends will unfold, how 

critical uncertainties will play out and what new factors will come into play” [26].  

Unlike forecasting, scenarios do not claim to accurately predict the future, nor to be 

self-fulfilling or complete. Scenario methods normally do not aim to identify the  

‘most likely’ future. They rather explore a wide range of ‘plausible’ future developments 

without estimating and assigning probabilities [27].  
From a methodological perspective, scenario development represents a tool to 

explore how the future might look like [28]. It allows to consider all core features, which 
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will be shown subsequently. Qualitative scenario development represents a promising 

alternative to quantitative forecasting methods in general and a suitable tool to assess 

energy strategies and policies. As complexity and uncertainty are inherent elements of 

energy systems [29], qualitative scenario development also improves the development of 

energy scenarios [7] and contributes to understanding energy system transitions.  

Scenarios can have different functional purposes. Kosow and Gaßner [26] analyse the 

purpose of scenarios and categorize four related types of functions. Firstly, scenarios can 

have an ‘explorative function’ in the sense that they expand our knowledge about the 

present. According to ICIS [30], they also enable to identify limits of knowledge by 

highlighting uncertainties and complexity. Secondly, scenarios have a ‘communicative 

function’, since they require the scenario team to discuss and integrate different 

perspectives as Gaßner and Steinmüller [31] explain. Thirdly, by helping to assess the 

desirability of possible futures [32], scenario development has a ‘goal setting function’. 

Lastly, scenarios allow to assess different strategies as Eurofound [33] highlights and thus 

has a ‘decision-making function’. 

Boerjeson et al. [34] distinguish between three main types of scenarios. This typology is 

based on different questions posed by the developer: what will happen-questions are 

answered by ‘predictive scenarios’ and aim to predict what will happen in the traditional 

sense of a quantitative forecast. Contrary, ‘explorative scenarios’ ask what can happen and 

‘normative scenarios’ address the questions of how a specific goal can be reached.  

The process of qualitative scenario development is divided into different phases.  

The number of phases and related steps vary depending on the specific approach [35]. 

Broadly speaking, the scenario process consists of three main phases, namely: 

 Idea creation and project definition;  

 Idea integration and pathways identification;  

 Scenario description and evaluation [36].  

The scenario phases can consist of different steps. Schwartz [37] uses a process of 10 

steps. Others also use an eight-step scenario process [38]. Besides, a wide range of tools 

and methods is used including the participation of external experts and stakeholders [39]. 

This methodological flexibility represents a main strength of the scenario approach and 

allows to customise the process for a particular purpose.  

Despite the diversity of methods, scenario development approaches apply a 

backward-looking perspective from an imagined future to the present. After developing 

multiple scenarios, the desirability of each one is assessed. Hence, strategies to reach a 

desirable future development and avoid undesirable developments can be identified [40]. 

Working backward implies that the future is unpredictable [35], but malleable.  

This view represents the middle positions of three different views about the future.  

The future can be either predictable, malleable or evolutive. Compared to traditional 

forecasting, the future is not regarded as predictable. Therefore, precise calculations via a 

statistical trend extrapolation are hardly possible. The future is not evolutive in the sense of 

being fully chaotic and uncontrollable. Instead, the future is assumed to follow certain 

dynamics, so that the development can partly be shaped by the interaction of different actors 

[41]. Following this understanding, the qualitative scenarios developed in this study aim to 

explore possible future outcomes and thus, describe ‘explorative scenarios’. 

The case study approach 

Describing the paper’s approach and process of scenario development in more detail 

also shows how the four core features are considered. For the paper’s case study, 

qualitative socio-technical scenarios for the economic assessment of different gas 

infrastructure modifications in Germany were developed. The papers’ case study belongs 

to a broader interdisciplinary research project. The German gas infrastructure is part of a 

future European CCS/H2 infrastructure linking Germany, Norway, Netherland, the UK 
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and Switzerland. Focusing on the methodological perspective, a deeper discussion of the 

different infrastructure options and the link to the other countries’ infrastructure 

strategies exceed the scope of this paper.‡ The process of scenario development consists 

of four phases, as displayed in Figure 1. 
 

 
 

Figure 1. Phases of qualitative scenario management (authors’ own contribution) 

 

The scenarios are developed by a core scenario team of three economic researchers 

(the authors). Scientists from engineering, social science and law, as well as external 

experts joined the process at different stages. The first phase comprises the scenario field 

definition, and selection of key factors. The following scenario field definition includes 

key aspects such as the time horizon, the topic and the following scenario objective:  

‘The scenarios describe alternative future developments of conditions that are relevant 

for a gas infrastructure modification for the year 2035 which are in line with the German 

energy transition and sector coupling’ [42]. Subsequently, different steps of the scenario 

development are linked to the four core features. 
 

Core feature 1: complexity.  Complexity results from the interconnectedness of 

systems, sectors and related non-linearities as well as feedback mechanism.  

Increasing complexity especially applies to environmental systems and respectively 

energy systems [29]. This is due to the fact that energy systems are embedded in a 

socio-economic context [7], undergo rapid technological progress and depend on the 

interaction of heterogeneous agents [43] and climate dynamics [44]. 

Qualitative scenario development grasps complexity related to the development of 

energy system transformation in different ways. McInerny et al. [45] argues that 

visualisation is a technique to capture complexity, since it helps to clarify complex 

(inter)relations. Visualising the scenario field in form of a system image captures the 

complexity of the scenario objective. In a structured hierarchical way, system levels and 

topic areas are defined (Figure 2). The challenge is twofold. On the one hand, developing 

a system image for the gas sector requires to identify relevant sectors and actors, their 

interconnection, but also background conditions. On the other hand, these aspects need to 

be visualised in a systematic way by prioritising system levels. In this sense, developing a 

system image represents a tool of thought. It helps the scenario developers to test their 

initial intuition. Visualising can reveal limits of knowledge, inconsistencies, unclear 

relations and uncertainties. 

The paper’s system image highlights the importance of the energy sector as the focal 

point of analysis. The energy sector is characterised by close relations between the gas 

                                                
‡ The case study is part of the ERA-NET Horizon 2020 Project ‘Elegancy ‒ Enabling a low-carbon 

economy via hydrogen and CCS’. For more information please see: https://www.sintef.no/elegancy/ 

https://www.sintef.no/elegancy/
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and electricity sector which form system level 1 and system level 2. The energy 

infrastructure (system level 3) links the energy sector on the supply side with the demand 

of coupled sectors (system level 4). Since energy politics mainly shape the energy 

transition and thus the demand and supply side, it represents a central element of the 

system level 4. System levels 1-4 form the core area of the scenario field. System levels 

1-4 are embedded in the specific German environment (system level 5) and the general 

international environment (system level 6). System levels 5 and 6 are rather general and 

comprise relevant framework conditions. Thus, creating system images broadens the 

perspective from a rather narrow techno-economic focus to a more holistic 

socio-technical perspective. 
 

 
 

Figure 2. System image (authors’ own contribution) 

 

Core feature 2: non-economic aspects.  By moving from a techno-economic to a 

socio-technical perspective, non-technical and non-economic aspects need to be 

considered, too. This new perspective is due to the fact that climate change concerns the 

society and economy in all aspects. Thus, assessing energy transformation policies is an 

interdisciplinary task [7]. Energy systems are embedded in a wider socio-economic 

context, which is why social aspects such as behaviour and social acceptance are 

essential. Hence, including also non-economic aspects in economic energy policy 

evaluation is key. 

Referring to the paper’s case study approach, non-economic aspects are displayed in 

the system image and specified in form of key factors. In a literature-based brainstorming 

process, the scenario team listed 111 influence factors. This number of influence factors 

were condensed to 52 and matched to all system levels and topic areas. By conducting an 

interconnection-relevance analysis, the core team reduced the 52 influence factors in a 

more systemic way. In a 52 × 52 matrix, the core team ranked the influence from each 

factor on all other factors. A range from 0 (no influence) to 3 (strong, direct influence) 

was used. As a result, each influence factor is described by an activity score and a 

passivity score. While the activity score describes the factor’s direct influence on other 

factors, the passivity score defines the influence of other factors. These scores allow to 

classify the influence factors according to their system relevance in four categories 

(Figure 3). Influence factors with the highest system relevance, namely system nodes, 

represent the driving forces of the scenario field. The interconnection-relevance analysis 

for the case study yields 23 key factors which are further explained in the result section. 
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Figure 3. System relevance analysis (authors’ own contribution) 
 

Core feature 3: uncertainty.  In phase 2, for each of the 23 key factors possible future 

developments in form of future projections are defined. In this way, uncertainty related to 

future development is considered. Considering uncertainty is important, because today’s 

reality is characterised by intensifying uncertainties due to climate change, globalisation, 

economic instabilities, and new technologies. Therefore, decision-makers are faced with 

the challenge of how to adapt the decision process to an uncertain future [46].  

For policy-makers, uncertainty reveals itself in a knowledge gap between what they 

actually know and what they need to know for decision-making [47]. Especially social and 

economic systems cannot be understood without dealing with uncertainties. Due to the 

interconnection of different systems, consequences of policy-making are fare reaching. 

There exist different types of uncertainty. According to Walker et al. [48], uncertainty 

can be classified in four levels that lie between the extremes of determinism (knowing 

everything) and total ignorance (knowing nothing). Level 1 and 2 uncertainties can be 

formalised in statistical terms. Trend-based single forecast with a confidence interval 

(level 1) or assigning probabilities to alternative outcomes (level 2) can be used. Level 3 

and 4 uncertainties represent deep uncertainties that cannot be captured in form of 

statistical probabilities. Level 3 uncertainties can be described by plausible futures 

without assigning probabilities. For Level 4 uncertainties, predictions about plausible 

development is not possible [48]. To cope with a high level of uncertainty, a more 

flexible and adaptive approach to assess future developments and related strategies is 

needed [49]. Scenario approaches are widely regarded as suitable and flexible tool to deal 

with high level of uncertainty [50]. 

On an abstract level, scenario development captures uncertainty in different ways:  

 It helps to identify and understand uncertainty;  

 It avoids missing unknown opportunities by showing all possible developments;  

 It broadens the researcher’s horizon by identifying unexpected future 

developments [49].  

Instead of only reacting to a single predicted future [46], scenario approaches 

encourage decision-makers to accept uncertainty. Uncertainty is not seen as a threat, but 

as an opportunity to shape the future. The paper’s case study on decarbonising the 

German energy system also involves many uncertainties. Most of them represent level 3 

uncertainties: how will the energy economy develop over time with regards to, e.g., 

energy prices, energy mix and energy demand? How will public acceptance develop 

regarding sustainable lifestyle or the use of CCS and hydrogen technologies? How will 

macroeconomic conditions, such as, e.g., GDP, the interest rate or the investment 

environment develop? How will the political environment develop? What role will, e.g., 

phase in/phase out of renewable gas or subsidies for low-carbon technologies such as 
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e-mobility play? How will the demand for clean energy and hydrogen develop over time? 

These questions exemplarily demonstrate the uncertainty inherent in energy  

systems’ transitions. 

On a practical level, uncertainty is considered in phase 2 in form of future projections. 

Future projections describe possible pathways for each key factor. While the aim is not to 

identify the most likely future in terms of probability, it is about developing a holistic 

picture. This picture also includes extreme events. To do so, 4-5 projections are assigned 

to each key factor. For the key factor ‘Realisation of National Climate Goals’, for 

example, 4 projections are plausible. These are combinations of two dimensions which 

both exhibit two manifestations. The first dimension displays potential changes of current 

climate goals and the second dimension captures the level of realisation. In total, 100 

projections sketch the potential development pathways of all 23 key factors.  

Hence, in phase 3, a consistency analysis§ was used to assess the compatibility of 

different key factors’ projections. Figure 4 displays an excerpt and shows the consistency 

check of two key factors’ future projections. 
 

 
 

Figure 4. The consistency matrix (authors’ own contribution) 

 

The logical occurrence of two projections within one future scenario is determined by 

assigning values from 1 (highly inconsistent) to 5 (highly consistent). In a next step, 

highly consistent future projections are combined to projection bundles, so called raw 

scenarios. Each raw scenario comprises one future projection of each key factor.  

Based on a cluster analysis, the number of scenarios was reduced to six (see result 

section). Phase 4 consists of a deeper analysis of the scenarios for the purpose of 

evaluating the different infrastructure options, which goes beyond the scope of this paper. 
 

Core feature 4: stakeholder.  The stakeholder perspective is a core element of the case 

study process. It assumes that the influence of different stakeholders plays a crucial role 

when it comes to political decisions and their implementation. Ignoring stakeholders’ 

interests increase the risk that the related policy cannot be successfully implemented and 

can result in protests [51]. Especially for the realisation of large infrastructure projects, 

social acceptance plays a crucial role [52]. Hence, the stakeholder perspective should be 

an integral part of the paper’s case study and the assessment of energy policy.  

                                                
§ More details on the consistency analysis are available from the authors upon request 
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Different stakeholders can get involved in the process of developing scenarios 

through participatory methods. Although participation is commonly used in the field of 

scenario development, it is unusual in science of economics. Participatory methods offer 

a possibility to generate qualitative data that are required for the scenario development 

[53]. Furthermore, different types of knowledge and perspectives can be synthesised. 

Divergent beliefs and concepts can be identified and implicitly reveal conflicting view. 

By bringing together different participants, participation can enrich the process and helps 

to avoid common biases [54]. There are different participatory techniques such as 

workshops or interviews which can be applied to different process phases. For the quality 

of the results, the design of the participation [55] and the choice of participants is decisive 

but often neglected.  

Referring to the case study example, the stakeholder perspective is included in a 

practical and theoretical sense. As Table 1 displays, the authors applied participatory 

methods at different stages of the scenario process.  

 
Table 1. Overview of participation 

 

Participant category Background 
Number of scientists 

key factors-feedback 

Number of scientists,  

business representatives, 

evaluation workshop 

Core scenario team Economics 3 3 
Case study team Social sciences 2 2 
 Law 2 - 
 Engineering 2 1 

Total internal participants  9 5 

External participants  -  
 Scientific institutes  2 
 Science  1 
 Public company energy sector  1 
 Private company gas sector  5 

Total external participant   9 

Total  9 14 

 

The case study team provided feedback on the conceptual work of phase 1 and 2 in an 

open workshop discussion. To broaden the economics perspective, the core scenario 

team discussed the completeness of the system image and key factors (phase 1). In phase 

2, the discipline specific feedback supported the design of future projections of 

non-economic issues, e.g., social acceptance. Following Ernst et al. [7], the participation 

in the first participatory phase was restricted to scientists from the interdisciplinary case 

study team. The reason for this is that they are trained to work on an abstract analytical 

level and familiar with case study details. In the second participatory phase, the 

participation was extended to external stakeholders who discussed the desirability of the 

6 scenarios. The choice of participants aimed to bring together professional expertise in 

energy research and related sectors, as well as representatives of social actors.  

In a theoretical sense, the identification of stakeholder is part of the process of 

scenario development. To represent the influence and possible action of different agents 

related to gas infrastructure modification, the core team identified stakeholder groups 

(see result section).  

RESULTS 

The section shows that qualitative scenario analysis is a promising foresight method 

and an alternative to conventional approaches to evaluate energy policy. It also presents 

the six qualitative scenarios of the paper’s case study in brief. A comparison between this 

paper’s case study and a conventional study demonstrates three limitations of the latter 

and shows the value of qualitative scenario analysis. 
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The qualitative scenarios of the paper’s case study 

This paper’ scenario development results in six qualitative socio-technical scenarios, 

which are displayed in Table 2. From a systems perspective, these scenarios can be 

interpreted in terms of their overall level of low-carbon transformation. The overall level 

of transformation appears to be most characterising as it mainly determines the feasibility 

of this case study’s different infrastructure options. To be more precise, the further a 

country’s transformation towards more sustainability has progressed, the more feasible it 

is to implement extensive infrastructure modifications. Although there is no single most 

important factor, the scenarios reveal that the stakeholder dynamics play a central role. 

Stakeholder dynamics mainly determine the scenario setting and thus the overall level of 

transformation. Differences in the overall level of transformation can be explained by 

varying stakeholder dynamics displayed by different levels of conflict and engagement. 

The analysis shows that availability of technologies plays a minor role, which is in line 

with the paper’s understanding of political feasibility. Whether or not low-carbon 

technologies are used depends on other key factors such as public acceptance or subsidies 

for transformation technologies. For modifying the gas infrastructure, the broader 

context, legal framework and long-term planning revealed to be crucial. Furthermore, the 

engagement of all stakeholder groups towards the transformation is relevant. This means, 

on the one hand, that the bottom-up commitment of the economy and of society is not 

sufficient to foster a high overall level of transformation (scenario 6), as long as political 

commitment is missing. On the other hand, political decisions are necessary but not 

sufficient for a high level of transformation (scenario 5), which also requires economic 

and societal commitment.  
 

Table 2. Case study scenarios 

 
Socio-technical scenarios Level of transformation Level of engagement Level of conflict 

Fossil revival instead of green progress 0 0 0 

Technology-open green transformation 2 2 1 

Green transformation with hydrogen 2 2 0 

Incremental green transformation 1 1 1 

Top-down effort & conflicting interests 1 2 2 

Bottom-up effort & political inaction 1 1 2 

0 = no progress, 1 = low level, 2 = high level 

 

In scenario 3, for example, a low-carbon transformation focusing on hydrogen-based 

energy and technologies takes place. The government, industry and society are highly 

committed to foster the low-carbon transformation. The public and the strong 

green-lobby groups support the decision of the government to expand renewable energies 

and to phase-in renewable gases. Government’s clear course provides planning security 

for the energy sector and investors. First H2 production plants are profitable and new 

infrastructure plans to adjust to hydrogen are about to be implemented.  

Extensive incentive programs for hydrogen technologies and application in the heating 

and mobility sector directs Germany to a low-carbon hydrogen future.  

Electrification plays a minor role, after subsidies for bridging electrification technologies 

expire. In contrast to scenario 3, scenario 2 shows a technology-open transformation. 

Government and industry follow a dual-track and promote both electrification and 

hydrogen-based technologies. In the mobility and heating sectors, both low-carbon 

technologies are widely used and almost replaced fossil applications. Regional projects in 

both technologies are preferred over large-scale national project to stay technology open. 

While scenario 2 and 3 can be interpreted as best-case scenarios, other developments 

are also possible. Scenario 1 presents, as the name ‘fossil revival instead of green 

progress’ indicates, a negative development. A worsening of the current status quo took 

place where the whole society jointly turns away from sustainability and insists on fossil 
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fuels again. The other scenarios are characterized by conflicting stakeholder interests and 

different levels of commitment. In scenario 5, for example, the government is highly 

committed to foster the low-carbon transformation, but is faced with strong opposition 

from fossil lobby groups. Fossil lobby groups actively hinder the transformation whereas 

green interest groups have difficulties to unit in order to build a strong countermovement. 

The public is open for new technologies but is not satisfied with the government’s 

top-down strategy. Extensive governmental resources are used but show only  

little effects. 

Conventional Cost Benefit Analysis-based optimisation approaches  

When talking about conventional approaches, the paper refers to mostly 

neoclassical-dominated research, that consists of an economic CBA. In the classical CBA, 

costs and benefits are expressed in monetary terms. Based on the costs and benefits, 

economists recommend the policy or project which is most desirable for society from an 

economic perspective. Policies with a positive net-benefit, i.e., whose expected benefits 

outweigh the expected costs enter the analysis. The option with the highest net-benefit is 

recommended. Thus, desirability is related to the maximisation of welfare, i.e., the 

minimisation of costs or maximisation of benefits.  

In other disciplines and in practice, the economic CBA approach is also widely 

applied. CBA-based optimisation approaches are common practice in energy system and 

energy policy research. Due to the interdisciplinary character of this research, other 

aspects, i.e., techno-economic considerations are integrated. The recent study of 

Robinius et al. [9] combines a CBA-based optimisation approach with energy modelling. 

It identifies techno-economic pathways for the realisation of normative climate target in 

Germany. The following comparison with this paper’s case study has three reasons:  

 To assess limitations of the conventional approach;  

 To demonstrate the value of qualitative scenario development;  

 To indicate how this paper’s case study would change applying a  

conventional approach.  

Despite major methodological differences, both studies have a similar thematic focus, 

which makes a comparison interesting (Table 3). Both studies cover the decarbonisation 

of the German energy system focusing on the energy infrastructure and H2 as a 

low-carbon energy carrier. In contrast to this paper’s case study, Robinius et al. [9] aim to 

identify the most cost-effective CO2 reduction strategies for the energy sector in line with 

Germany’s climate goals in 2050. Two CO2 reduction scenarios are at the centre of 

assessment, namely scenario 80 and scenario 95. The scenarios are subject to a German 

emission reduction target of 80% and 95%, respectively. The criterion of 

cost-effectiveness determines the optimal transformation pathways to realise each 

scenario. Robinius et at. [9] also acknowledge complexity and uncertainty in different 

ways than this paper’s case study. To analyse complexity and cross-sector optimisation, a 

model family combines different energy models. The model family assesses the energy 

demand, Power-to-X (PtX) pathways and simulates the future energy market, which 

leads to a high level of detail on a regional level. Contrary, this paper’s scenario stays on 

a rather abstract level. Robinius et al. [9] emphasize that future development is 

characterised by uncertainty. However, by concentrating only on data uncertainty related 

to future energy cost, they bypass the problem of fundamental uncertainty.  

Robinius et al. [9] conclude that both scenarios are technically and economically 

feasible. They provide policy advice in form of eight core results and related 

recommendations, which build the core of the transformation strategy for both scenarios. 

For the scenario 80 and the scenario 95, the transformation strategies have two phases. 

An expansion of the energy system and renewable energies is needed, which is due to 

increased energy demand resulting from massive electrification (core result 2). In the first 
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phase, immediate measures support the installation of new wind power and photovoltaic 

plant by 2035 (core result 3). An improvement of energy efficiency in all sectors should 

take place in parallel (core result 4). In the next phase, fossil-based technologies used in 

the industry for transport and construction need to be converted to bioenergy or 

electrification. Furthermore, hydrogen became a key energy carrier. Due to extensive 

incentive programs, heat pumps become the main heating technology (core result 5). 

New mobility concepts will promote a shift towards more rail transportation, but also 

increase hydrogen and electro mobility (core result 8). Consequently, hydrogen demand 

is expected to increase significantly, which requires new hydrogen production and 

infrastructure solutions as well as business models (core result 6). An extension of the 

underground hydrogen storage secures the energy supply. Energy imports are expected to 

decrease significantly, while the international energy markets will also trade hydrogen 

and synthetic fuels (core result 7). The scenarios’ strategies share similarity but also 

differ. In the scenario 95, hydrogen demand is expected to increase to 12 Mio. tons in 

2050. Domestic production satisfies over 50% of the demand, while energy imports are 

necessary [9].  

The two cost-effective CO2 reduction strategies show major similarities with 

scenario 2 and scenario 3. Whereas scenario 80 is comparable to the technology-open 

scenario 2, scenario 95 is similar to scenario 3. 
 

Table 3. Comparison of alternative approaches 
 

Limitations of conventional approaches 

 

General limitation of CBA thinking.  CBA-based approaches have several limitations. 

The paper’s first point of critique refers to the policy assessment, i.e., the identification of 

the costs and the benefits, which is problematic. It is hardly possible to determine the 

correct monetary value for all economic costs and benefits. Besides the question what 

costs and benefits should be considered, monetarization is difficult. This is due to the fact 

that benefits occur in the future, which is characterized by uncertainty, making it hardly 

possible to predict upcoming costs and benefits. Especially in complex contexts like 

climate change, neoclassical models show flaws in coping with non-linear dynamics and 

incremental change over time. Such models assume rational agents and define the 

economy as a closed system. There is the false belief that economic systems are 

predictable in a similar way as mechanical ones.  

In the study of Robinius et al. [9], measures for reducing CO2 emissions lead to 

savings of fossil energy carriers. The resulting reduction of total energy costs represents 

the benefits. To achieve the climate goals, investments in energy infrastructure, 

 
Robinius et al. [9] (2019) Hoffart et al. (2020) 

Aim 
Identification of cost-effective CO2  

reduction strategies 

Identification of key factors and dynamics for an energy 

system transformation with H2/CCS 

Field of application 
Scenario 80 by 2050 

3 H2/CCS gas infrastructure options 
Scenario 95 by 2050 

Time horizon 2050 2035 

Type of analysis Techno-economic Socio-technical 

Criteria Cost-effectiveness Political feasibility 

Method 
CBA-based optimisation,  

energy system modelling 
Qualitative scenario development 

Focus Policy identification Policy implementation 

Approach Forecast, mainly quantitative Foresight, mainly qualitative 

Sectors Gas, electricity, mobility, industry, building Gas, electricity, mobility, heating, industry, politics 

Context National (Germany), international 

Results 
2 robust transformation pathways,  

8 recommendations 

6 socio-technical scenarios as a policy  

evaluation framework 

Level of detail Regional, concrete National, abstract 
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renewable energy production and energy efficiency are necessary, and display the costs. 

The expected total investment costs are substantially higher for the scenario 95  

(192 billion EUR per year) compared to scenario 80 (102 billion EUR per year).  

The expected saved energy costs are lower in the scenario 80 (49 billion EUR) than in the 

scenario 95 (128 billion EUR). Robinius et al. [9] conclude that both scenarios are 

technically and economically feasible. 
This example again illustrated how much the result depends on the value of costs and 

benefits that are compared. What costs and benefits are considered determines the results. 

In the same vein, Robinius et al. [9] emphasise that the saved energy costs strongly 

depend on the future development of energy costs. If those change, the results change as 

well. Furthermore, the study is mainly based on economic aspects. The result would be 

different if other costs and benefits are included. If achieving the climate goals leads to no 

other benefits than energy costs savings is questionable. An expansion of renewable 

energies can, for example, decrease dependencies on fossil fuels or results in protest and 

environmental damages. Especially non-economic health and environmental benefits are 

related to massive emission reduction, which is the main reason for emission reduction. 

The choice of the costs and benefits, though, implies an indirect normative statement. 

To not include an economic or non-economic aspect in the CBA indicates that the aspect 

is either not important or that its value equals zero. Considering that most expected costs 

refer to environmental damage or loss of lives associated with climate change, it is 

questionable why Robinius et al. [9] do not include non-economic aspects.  

However, when monetizing non-economic aspects, the ‘problem of pricing the priceless’ 

[56] and ‘problem of incommensurability’ arises [57]**. Additionally, expected future 

values need to be adjusted to the present, because costs and benefits often occur at 

different times. The controversially questions of the ‘adequate’ discount rate arises.  

It does also apply for the benefits of energy cost savings that according to the study occur 

in the future. Discounting is especially relevant for climate change mitigation, where 

benefits relate to the future, i.e., future generations [58]. Consequently, setting a discount 

rate has a normative dimension and should be discussed openly and carefully. In the case 

of Robinius et al. [9], no information about the discount rate is available.  

The result of a CBA strongly depends on the considered costs and benefits and the 

accuracy of future estimates. If different costs and benefits are considered or the expected 

future development does not occur, the result might change. The CBA of Robinius et al. 

[9] is thus problematic in different aspects. To change one value might imply that the 

proposed pathway might become economical unfeasible. Even when assuming that the 

costs and benefits are complete and the adequate discount rate is known, the question 

about how the future might develop remains. This is especially true for the energy price 

and related future savings. Consequently, the proposed optimal pathway might become 

economical unfeasible. 

 

The limited relevance for decision-makers.  Second, even if it would be theoretically 

possible to determine the correct value for all economic and non-economic costs and 

benefits, the question of policy choice arises. It neither implies that the researcher’s 

advice will be chosen by decision-makers nor that it will be successfully implemented. 

CBA approach such as the analysis of Robinius et al. [9] stay within a narrow context and 

focus on a discipline specific perspective. The implementation side and related aspects 

                                                
** Opponents might legitimately object that, from a modelling perspective, it is possible to include 

non-economic aspects such as affected stakeholders. The influence of affected stakeholders could be 

expressed in form of costs caused by protests and related delay. Empirical evaluation of non-economic 

aspects can be determined via the willingness-to-pay for certain goods and services. This paper does not 

claim that it is impossible to include non-economic aspects in a CBA-based optimisation. Rather, it 

questions the related value for accelerating deep decarbonisation. 
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remain untouched. This paper’s different socio-technical scenarios show that it is 

possible to acknowledge a wide range of aspects and developments. In contrast, the 

discussion of Robinius et al. [9] remains within only two of these scenarios, namely the 

two best-case options. The other possible developments require individual optimal 

strategies each. To say it differently, in all other cases, which are represented exemplarily 

by the six scenarios in this paper, the identified optimal transition pathway will most 

likely not be pursued. If policy advice is solely derived from CBA thinking, it is 

one-sided and of little relevance for decision-makers.  

From a complexity economics perspective, socio-economic systems are complex 

adaptive systems that can be described as a network of heterogenous agents. These agents 

adjust their behaviour according to the interaction with other agents. In complex adaptive 

systems, it is hardly possible to implement optimal policies through central planning. 

There is the risk that the decision made by a central planner based on a CBA, will be 

interrupted due to protest by negatively affected stakeholder groups [51]. This is due to 

one-sided perspective which neglects political feasibility. Aspects of implementation are 

neglected, which lead to open questions for decision-makers.  

Contrary to the paper’s scenarios, Rubinius et al. [9] mainly leave political 

developments out. Except for the nuclear phase-out and the coal phase-out, the political 

perspective remains untouched. Similarly, other non-economic and non-technical 

factors, such as issues of acceptance, are not covered or only mentioned as a side remark. 

A lot of open questions remain for decision-makers needed to choose a strategy. 

Conventional approaches hardly provide answers and mainly focus on economic and 

technical aspects. 

Their results show, for example, that the strategies to realise each scenario differ 

considerably. Measures needed to achieve an 80% target are not necessary required for 

the scenario 95%. Some measures are even counterproductive and not compatible with 

the other scenario. Consequently, it is not clear for decision-makers which policy they 

should imply. For them, the question of which policy is more realistic to be successfully 

implemented is important. These kinds of questions are not considered in the study’s 

recommendation. After deciding on one strategy, policy-makers want to know about 

fostering and hindering factors for a successful implementation. In both scenarios, a 

significant increase of wind power and photovoltaics is seen as the backbone of the future 

energy system. Since the success of the Energy Transition mainly depends on the related 

energy system expansion, information about main drivers is crucial.  

Especially stakeholder acceptance is essential for an energy system expansion.  

Robinius et al. [9] point to possible acceptance issues for onshore wind energy. Instead of 

thinking about options how to avoid conflicts, offshore wind plants are recommended as 

an alternative, which are way more expensive. Despite these considerations, acceptance 

issues play no role. How to deal with changing conditions and future developments is 

also not part of the analysis but important for policy implementation.  

 

Little robustness of advice.  The third point of critique refers to the policy advice of 

conventional approaches which is tailored to fit to one specific future development. If the 

future that is expected to be the most likely, does not occur, the policy advice is hardly 

useful. It shows little robustness to changing conditions which represents a  

major limitation. 

The transformation strategies for scenario 95 and scenario 80 are fragile and little 

robust to changing conditions. Referring to key measures, expected future development 

and unexpected extremes demonstrate this point of critique. The failure of the strategies’ 

key pillar can risk or stop the whole transformation strategy as the following example 

highlights. In the first phase of the strategy implementation, construction projects are 

essential. The installation of new wind and photovoltaic plants and related infrastructure 
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expansion for renewables (energy network) and hydrogen (gas network) are required. 

Related construction work builds the prerequisite for many other strategies’ components. 

Without this critical infrastructure, a broad electrification and use of hydrogen 

applications is hardly possible. However, especially those infrastructure and energy plant 

projects can be stopped or delayed due to protests. Public acceptance issues or regulatory 

issues might arise and hinder the project’s implementation. If one of the first phase’s key 

measures cannot be realised, the second phase might not even start. Thus, an early 

strategy failure is possible. Other critical elements such as the supply of hydrogen or 

investments in hydrogen applications might have similar effects. 

The scenario specific strategies are designed to fit a specific future development and 

climate goal. Therefore, the success and usefulness of the measures depends on the future 

developments. Although different future developments are possible, the study of 

Robinius et al. [9] neglect these. Most assumptions about background conditions such as 

population growth or mobility demand are taken from Gerbert et al. [59]. Exemplary, a 

discussion of three common assumptions of scenario 80 and scenario 95 shows 

alternative developments. The study expects the development of an international energy 

market for hydrogen and synthetic fuel. A fully functioning free market is assumed.  

To establish such a market, new legal regulation and a cross-border hydrogen 

infrastructure are needed but do not yet exist. When building such an infrastructure, 

problems of acceptance might also play a role. Additionally, agreements on how to share 

the investment costs between the producing and importing countries might lead to a delay 

in time. Also, existing long-term contracts on fossil fuels export and import might hinder 

hydrogen trade. Therefore, it might be possible that Germany’s demand for hydrogen 

imports cannot fully be satisfied. Furthermore, the household size is expected to decrease 

further, while people will live in bigger places. This need for more comfort points to a 

rather unsustainable lifestyle and contradicts the future shift to more public transport and 

low-carbon mobility. People’s lifestyle can change both in positive and negative terms, 

which has a major influence on the success of low-carbon application and energy and 

thus the transformation strategies. 

Unexpected extreme events, such as the current Corona crisis, might change the 

future development as well. An impending recession resulting from Germany’s partly 

economic and societal lockdown, might lead to a recession or lower economic growth. 

Lower economic growth has a negative effect on the investment environment.  

The Corona crisis might also shift the Government’s focus from climate goal realisation 

towards the economy’s recovery. Subsidies that would be needed to accelerate a deep 

decarbonisation might be cut due to unexpected spending during and after the crisis.  

In the energy sector, companies need to recover from economic losses and might 

postpone investments in infrastructure and renewable energy projects.  

Similarly, households might postpone planned investments in low-carbon heating or 

electro and hydrogen vehicles. The avoidance of public transport during the crisis might 

continue after the lockdown and lead to a preference of individual over public mobility. 

Due to European and international border restrictions, a new focus on national issues 

hinders the development of a free hydrogen market. Thus, a slowdown of the low-carbon 

transformation is possible. Extreme events associated with level 4 uncertainties are not 

predicable and could also have positive effects on the low-carbon transformation.  

The Corona crisis shows how a single event can totally change the expected future and 

make policies designed for a specific situation useless. 

Overcoming limitations with qualitative scenario analysis 

This section shows how qualitative scenario development overcomes limitations of 

the conventional CBA-based approach. Due to a different way how to cope with 

uncertainty and complexity, the first and third limitations does not apply to scenario 
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development. The section’s focus is thus on how approach addresses the second 

limitations, namely open questions. 

Conventional approaches have a common structure. An optimal pathway, which is 

based on a given starting point and directed towards given targets is identified. It consists 

of three elements that can be formalised for two different targets as follows: 

 

Starting point (A) 
→ optimal pathway (B1) → given target (C1) 

→ optimal pathway (B2) → given target (C2) 

 

Open questions can be related to the different elements and demonstrate the missing 

focus on policy implementation: 

 B I) Which policy, i.e., pathway, will be chosen (B1 or B2)? 

o Which policy should be implemented? 

o Which policy is more realistic to be successfully implemented? 

 B II) What can decision-makers do to enable a successful implementation? 

o Which factors foster or hinder a successful implementation? 

o How can conflicts be avoided and how to foster supportive factors? 

 A) What if the starting point, i.e., the assumptions on background  

conditions, change? 

o What can decision-makers do to enable the materialisation of assumptions? 

o What are alternative developments and what do they imply for initial policy?  

 C) What if the given targets change? 

o Can the policy still be implemented, or does it need to be adapted? 

o What are consequences of applying the optimal policy to a different future? 

Qualitative scenario development covers these questions in different ways.  

The question B I basically deals with the policy decision-making. From a practical 

perspective and considering the urgency of climate change, the question of what policy 

should be implemented heavily depends on what policy is most realistic to be successfully 

implemented. To identify realistic policies, political feasibility as a suitable criterion to 

evaluate different policies. Figure 5 displays the concept of political feasibility that the 

authors developed for this purpose. It is based on the conceptual framework of the energy 

scenario analysis by Schubert et al. [15]. They argue that political and social feasibility 

matters in energy scenarios and hence follows a holistic approach. 

 

 
 

Figure 5. Analysis framework to identify feasibly policies (authors’ own contribution) 
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For this paper, the idea of identifying feasible scenarios is adapted and applied to the 

context of feasible policies. ‘Technological feasibility’ represents the first level, namely 

the necessary precondition for a feasible energy policy. If a measure is technologically 

not feasible, it cannot be implemented as an energy policy. Whether or not an energy 

policy is politically feasible exceeds, though, the technical dimension. This is why, the 

concept of political feasibility also includes ‘legal feasibility’, ‘social feasibility’ and 

‘economic feasibility’ (level 2). While these level 2 conditions influence each other, there 

are also interdependencies between level 1 and level 2. Political will or economic 

incentives can support technological progress and enable technically feasible solutions. 

The authors consider policies to be politically feasible if they have a high chance of 

being successfully implemented. Accordingly, two steps of feasible policies can be 

defined referring to a successful implementation: political process of decision-making, 

and political process of implementation. To initiate the process of policy implementation, 

political policy decision-making represents the first step. Political intention in the form of 

regulatory and legislative efforts for deep decarbonisation, i.e., through an energy system 

transformation, is key. In addition to the political will, political enforceability is required 

in order to find political majorities for the respective policy and re-design of laws. In a 

second step, the political process of policy implementation follows. To successfully 

implement the chosen policy, governmental resources, e.g., financial and personnel 

capacities, are required. When it comes to the final implementation of a policy, e.g., the 

building process of pipelines, governmental enforceability is important. Resisting 

veto-players who try to interrupt or stop the implementation is a main challenge.  

Hence, qualitative scenario development addresses the question of which policy will 

be chosen (B I) by incorporating the reality of policy decision-making into scientific 

policy evaluation. This proposes a new, more holistic criterion for policy evaluation, i.e., 

an analysis framework for feasible policy recommendations that transcend 

discipline-specific criteria.  

As the above understanding of political feasibility implies, knowing and addressing 

possible hurdles is essential for a successful implementation. Question B II is related to 

the process of policy implementation. Qualitative scenario development addresses type B 

II questions by identifying factors that foster or hinder a successful implementation in the 

form of key factors. These factors are not limited to but include all levels of political 

feasibility which exceeds the conventional techno-economic focus. For the case study 

example, 23 key factors were identified. Table 4 lists the 23 key factors and displays them 

in six categories to identify main drivers.  

Decision-makers can use such a list of key factors as a base for identifying measures 

to avoid conflicts and strengthen supportive factors. There are shared key factors with 

Robinius et al. [9] such as ‘energy prices’ (electricity and gas), ‘lignite energy phase out’, 

‘electricity network expansion’ or ‘fuel of road traffic’. Despite these similarities, the list 

of key factors also comprises additional aspects such as political activities like 

‘governmental support for transformation technologies’ or the ‘phase out of fossil-based 

gas/phase in of renewable gas’, which share the level of planning certainty.  

Contrary to the techno-economic study, the socio-technical scenarios entail 

stakeholders as important key factors. Stakeholders represent an own category and 

comprise 5 key factors which refer to the following stakeholder groups:  

 Political decision-makers;  

 Citizens & society; 

 Public interest groups;  

 Economic lobby groups;  

 Investors in gas sectors (Table 5).  

The evaluation of each initial influence factor according to their interconnection with 

the whole system functions as a verification or a falsification of the initial literature-based 
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intuition. Accordingly, the key factor ‘technological progress & market maturity’ was 

identified as a systemic indicator. It implies that this factor displays changes of the whole 

system but has only little influence on the whole system itself (low activity, high 

passivity). This interpretation is consistent with the understanding of political feasibility 

that concludes technical feasibility on the lowest level as a necessary precondition. In this 

sense, scenario development enables decision-makers to identify crucial factors for a 

successful policy implementation that are neglected in conventional approaches, such as 

relevant stakeholders or hidden factors with systemic relevance.  

 
Table 4. Key factors and categories for a gas infrastructure modification 

 
Categories Key factors 

Outcomes Realisation of national climate goals 

Stakeholders 

Private investors in gas sector 

Character of  public policy 

Power of lobbyism 

Power of public interest groups 

Behaviour & public acceptance 

Measures 

Phase out & phase in: fossil & renewable gas 

Cost of carbon 

Carbon capture technologies 

Lignite energy phase out 

Governmental support of transformation technologies 

Sector-specific developments 

Fuel of road traffic 

Heating 

German production of H2 

H2 power plants 

Technological progress & market maturity 

Infrastructure developments 
Electricity network expansion 

National gas network expansion 

Energy-related developments 

Electricity production 

German gas demand 

Decarbonisation of natural gas 

Electricity consumer price 

Price natural gas 

 
Table 5. Stakeholders and key factors 

 
Stakeholder groups Key factors 

Political decision-makers Character of public policy 

Citizens & society Behaviour and public acceptance 

Public interest groups Power of public interest groups 

Economic lobby groups Power of lobbyism 

Investors in gas sector Private investors in gas sector 

 

These key factors represent a central element of qualitative scenario development and 

address type A questions, which focus on consequences of changing assumptions. 

Contrary to forecasting of key aspects as Robinius et al. [9] mostly do, scenario 

development aims to foresight all possible developments without assigning probabilities. 

Alternative pathways of development are expressed in the form of future projections.  

To adequately deal with a high level of uncertainty, scenario development allows to 

identify alternative developments in the form of consistent scenarios. The six 

socio-economic scenarios presented before can be used as an evaluation framework 

related to C I questions. In the case of a high level of uncertainty, the conventional way of 

defining first best policy options is highly risky. The better a policy is tailored to fit an 

expected future setting, the more difficult the implementation will be when this future 

does not materialize. The higher the level of complexity and uncertainty, the higher the 

chance that the future will develop differently than forecasted. In other words, it implies 
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that the policy was designed to fit the wrong future, which might have severe 

consequences. Qualitative scenario analysis allows to address these issues in two ways: 

 First, the robustness of a specific policy can be analysed in the context of different 
scenarios. Different policies, in the paper’s case infrastructure options, can be 

evaluated in a next step, which exceeds the scope of this paper. Each infrastructure 

option can be tested according to its compatibility with different scenarios. An 
option that does not fit the reality of a specific scenario, cannot be a useful policy 

recommendation. Consequences, acceptance problems or costs, that are related to 

implementing the optimal policy to a ‘wrong’ future can be analysed. A new 
understanding of robust and feasible policies is related to such an assessment; 

 Second, scenario analysis is a useful method to determine robust policies that fit 

all possible scenarios in a minimum way. In the sense of a lowest common 
denominator, such policies would decrease the risk of stranded assets and 

unprofitable investment while increasing the chances of a successful 

implementation. This does also mean that in the end, it might not be the first, 
second or even third best option that will be implemented. On the one hand, this 

might imply less-ambitious policy. On the other hand, it increases the chance of a 

successful implementation and might also set incentives to shape the overall 
setting by considering relevant stakeholders. Instead of identifying specific 

pathway, scenario development provides a framework to analyse policies that fit 

in a future space of possible windows of opportunities. 

DISCUSSION 

The aim of the paper was to show that foresight methods such as qualitative scenario 

development are a promising alternative to traditional CBA-based optimisation approach. 

This section summarises the added value of qualitative scenario development and 

discusses the methods’ challenges and chances.  

The value of qualitative scenario development  

Referring to concrete examples, the result section demonstrated that qualitative 

scenario development is a promising alternative to conventional CBA-based forecasts. 

Table 6 distils the added value of qualitative scenario development in a more general way.  
 

Table 6. The value of qualitative scenario development 

 
Limits CBA-based optimisation approaches Advantages qualitative scenario analysis 

Policy assessment 

Quantification of costs and benefits: No quantification necessary: 

Monetization of non-economic cost & benefits  

is problematic 

 

Forecasts of future development under uncertainty is  

hardly possible 

 

Adequate discounting of future cost and benefits is a  

normative issue 

Main drivers are identified in qualitative terms 

 

Identification of different future pathways,  

system dynamics 

 

No identification & comparison of cost and benefits 

Policy choice 

Technical, economic feasible policies: Political feasible policies: 

Political feasibility and implementation are neglected 

 

Open questions for decision-makers  

(e.g., changing conditions, push & pull factors) 

Focus on political feasibility & implementation 

 

Scenario perspective considers drivers,  

dynamics changing conditions 

Policy advice 

Policy advice fits a specific future pathway: Policy advice fits different future scenarios: 

Low chance of implementation and low robustness for 

changing conditions 

 

Low applicability to different future developments 

Scenario based advice allows to cope with changing 

conditions and system dynamics 

 

Advice is not scenario-specific but apply to the  

system’s dynamics 
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The limitations of traditional methods are threefold. CBA-based forecast approaches 

revealed to be problematic (policy assessment), hardly relevant (policy choice) and of 

little robustness (policy advice) for an accelerated emission reduction. Identifying the 

adequate monetary value for economic and non-economic costs and benefits – today and 

in the future ‒ is problematic. Policy advice based on economic and technological 

feasibility or cost-effectiveness is hardly relevant for decision makers. It neglects aspects 

of implementation and political feasibility and leaves open questions. Since the 

recommendations are based on strong assumptions and tailored to fit one specific future 

development, they are only little robust to changing conditions.  

Qualitative scenario development overcomes these limitations in different ways. 

Contrary to CBA-based optimisation approaches, no quantification or monetarization is 

required to develop qualitative scenarios. Instead, main drivers and different future 

pathways are developed in qualitative terms. Focusing of policy implementation within 

the process of scenario development, allows to cover untouched aspects of 

techno-economic analyses. Open questions on changing conditions, fostering or 

hindering factors and policy choice are addressed using the following tools: key factor 

analysis, system-relevance analysis, consistency analysis, stakeholder identification and 

participation. Political feasibility is analysed through considering the core features of: 

 Complexity; 

 Non-economic aspects; 

 Uncertainty; 

 Stakeholders.  

Policies are designed to be flexible and applicable to a variety of possible future 

scenarios. Advice is based on common patterns and drivers arising from  

different scenarios. 

Challenges of qualitative scenario development 

Although scenario development offers advantages over traditional quantitative 

methods, there are also challenges and criticism. Qualitative scenarios are criticised to be 

unrealistic since they rely on the limited expertise of few experts and stakeholders [60]. 

Therefore, results are based on the subjective understanding of participants and not on 

objective scientific analysis [61] and might hence be biased [62]. In the same vein, it is 

argued that the development of qualitative scenarios lacks reproducibility, which is 

crucial for scientific credibility. Results of scenario development, such as storylines, are 

criticised to be hardly reproducible because they are based on a dynamic group process 

[63]. Compared to quantitative models, assumptions used in scenario approaches are not 

expressed in formal equations but intensively discussed in qualitative terms. The lack of a 

formal expression nourishes the impression of missing transparency. It is, though, 

questionable if assumptions expressed in mathematical terms are more transparent than a 

detailed qualitative description of those. 

Additionally, the value of qualitative scenario development is questioned due to a 

lack of quantitative data. Although the exactness of quantitative scenarios is misleading 

and provides a wrong impression of what can be known about the future, 

decision-makers still prefer numerical data over narratives. A (false) feeling of control 

and objectivity is associated with quantitative data. Against this background, qualitative 

scenarios have a hard standing as they do not satisfy the demand of decision-makers for 

quantitative information.  

For researchers, qualitative scenario development is a rather unattractive method.  

The process of scenario development is very time-consuming, and the results are difficult 

to publish. For the core team, scenario development is very time intensive since repetition 

of process phases are necessary which requires a lot of internal consultation and 

meetings. Especially visualization and storytelling, for which economists are normally 
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not training, is often underestimated. Extra training can be required, also to design 

participatory elements and workshops. Time-intensive participation can be a constraining 

factor for external participating stakeholders. To keep the workshop or interview time as 

brief as possible, without risking leaving to little time for reflections requires experience 

and planning. Publishing research resulting from uncommon techniques, such as 

visualisation or storytelling, is difficult. This kind of research hardly fits the tradition of 

economic publication, which represents according to Kapeller [64] an obstacle  

for researchers.  
Scientists who are using qualitative scenario development are aware of these 

challenges. They established different criteria for evaluating the quality of their work.  

For selecting scenarios in the last phase of the process, the literature proposes different 

criteria as guidance. Wilson [65] defines five criteria, according to which scenarios 

should be: 

 Plausible; 

 Different to each other; 

 Consistent; 

 Useful for decision-making; 

 A challenging mindset about the future.  

Others add compatibility, stability and variability. There is also research on the 

improvement of stakeholder participation. Ernst et al. [7], for example, discusses on how 

to improve the design and conduct of different participatory method and on how to 

overcome related biases. 

These challenges and critique can be pinned down to questions of philosophy of 

science. The point of critique reveals that different and divergent understandings of what 

counts as ‘good’ science are present. The general discussion about objectivity in science 

is also reflected in the critique towards scenario analyses and especially applies to 

difficulties associated with stakeholder participation. Whether qualitative methods 

generate valuable knowledge is related to the question of true knowledge in the tradition 

of the epistemic goal of science, which was a long tradition. Whether aspects of 

implementation should be considered by scientists or left to decision-makers is related to 

the scientists’ understanding of the role of science in society.  

Chances of qualitative scenario development 

Qualitative scenario analysis and foresight methods in general have the potential to 

contribute to the further development of the science of economics. Confronted with 

critique due to forecast failure in the last years, a shift within the science of economics 

towards more foresight might help to restore the profession’s reputation [5]. Openness 

for new foresight approaches could raise the awareness for limits of forecasting-based 

policy advice. Applying foresight methods contributes to methodological plurality and 

pluralism in economics, which is criticized to be missing in mainstream economics [66]. 

Foresight methods could thus stimulate economists to enlarge their perspective. It is 

helpful for overcoming the “failure of collective imagination” of economists, which is 

seen the reason for not seeing the financial crisis coming [67]. In contrast to forecasting, 

foresight promises less in term of predictability. It is a step towards more humility in 

economics, which was long argued to be a missing character trait of economists [68]. 

Nonetheless, this paper does not argue that economists should refrain from 

forecasting. In general, these methods are valuable but have their limitations.  

The decision between forecasting and foresight is no question of either-or. Both methods 

have their legitimacy for specific purposes but also boundaries. For guiding 

decision-making, foresight methods should be acknowledged as promising answers to 

limitations of quantitative forecasting. Similarly, qualitative scenario development is no 

strict decision with qualitative and quantitative research. It can be useful to quantify some 
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aspects for the interpretation of the scenarios, e.g., hydrogen mobility. Complementing 

quantification might help to get a better understanding of the possible development or 

satisfies decision-makers’ demand for data. Insights of scenario development could also 

be used as a modelling foundation, such as agent-based modelling. 

Facing a high level of uncertainty and complexity, it has to be elaborated with care 

what aspects can be quantified. To combine qualitative and quantitative approaches can 

also yield to new knowledge that would not have been accessible with a single method’s 

approach. McDowall [69] applies a hybrid approach to explore transition pathways for 

hydrogen energy. His work on “bringing narrative socio-technical storylines into 

‘dialogue’ with quantitative energy systems modelling” underlines the potential of 

methodological improving by applying new methods.  

CONCLUSIONS 

This paper argues that economic energy policy research can contribute more to the 

acceleration of deep decarbonisation by emphasizing the implementation side of policies. 

It implies to identify feasible instead of optimal polices and requires including four  

core features:  

 Complexity;  

 Non-economic aspects;  

 Uncertainty;  

 Stakeholders.  

Furthermore, it argues that optimal policy recommendations based on traditional 

economic optimisation analyses and forecasts are optimal only from a narrow perspective 

of economic theory. Thus, they have little chances of being successfully implemented 

and can be misleading for two reasons: they are tailored to fit a future that was expected 

as the most likely development but did not occur, and they face unexpected political and 

societal opposition and do not find political majorities. While the former is related to 

complexity and fundamentally uncertainty of social systems which makes economic mid- 

and long-term forecasts quite unreliable, the latter relates to the neglect of non-economic 

aspects in economic policy analyses. The authors argue that complexity and fundamental 

uncertainty of energy systems are serious challenges for traditional policy analysis that 

call for a rethinking of economic energy policy analyses. 

The example of the paper’s case study showed that qualitative scenario analysis is a 

promising alternative to conventional approaches. It allows to include the four core 

features and addresses limitations of the traditional optimisation approach. A comparison 

with a CBA-based optimisation study that identifies techno-economic pathways for given 

climate targets revealed limits of traditional approaches. It leaves at least three types of 

open questions, namely on the implications of wrong forecasts (A), concerning policy 

choice (B) and changing climate targets (C). By developing socio-technical scenarios for 

an assessment of gas infrastructure strategies, it was demonstrated that scenario analysis 

addresses these questions in different ways. First, it incorporates the reality of 

policy-choice into scientific analysis by proposing political feasibility as an evaluation 

framework to identify feasible policies. Second, scenario analysis acknowledge 

uncertainty related to the future development in the sense of allowing key factors to 

develop in different pathways that result in consistent and plausible scenarios. Third, the 

key factor analysis helped to identify hurdles of implementation and underlined the 

importance of stakeholder dynamics for the success of the policy implementation.  

The six qualitative scenarios suggest that major investments in the German gas 

infrastructure and more general in an energy system transformation are more likely in 

some scenarios than in others. Finally, feasible and robust policies can be developed 

based on these scenarios, which is beyond the scope of the methodological paper and 

implies a need for more research. 
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Adapting to uncertainty and accepting related unpredictability in the context of 

decarbonising, the energy sector does not have to be a disadvantage for decision-makers 

and scientists providing policy advice. Implementing robust and feasible policies that fit 

different scenarios of future development, allows decision-makers to benefit from 

windows of opportunities. Furthermore, they avoid being locked in measures that are 

only optimal in a single situation but not in others. In the field of energy policy research,  

scientists can provide plausible scenarios for the development of energy systems and 

related conditions to support decision-makers. Despite the unpredictability related to 

social systems, scientists can make a valuable contribution to understand transitions 

better and thus accelerate deep decarbonisation. 
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