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Sammanfattning 
Modellbaserade energiscenarier är avsedda att fungera som stödjande verktyg för beslutsfattare. 
Genom att försöka bedöma konsekvenserna av övergången till ett europeiskt samhälle med lågt 
koldioxidutsläpp har Europeiska kommissionen stött många modellbaserade projekt med fokus 
på utvecklingen av energiscenarier. I dags läge väcker energiscenarierna intensiv 
uppmärksamhet inom energiforskningen och sökandet efter lämpliga designmetoder pågår.Inom 
utvecklingsprocessen av energiscenarier kombineras ömsesidiga socioekonomiska drivrutiner 
och stödjande politiska åtgärder och översätts till nyckelbudskap för utvecklingen av 
energisystemet.   I denna avhandling presenteras en designprocess för formulering av scenarier 
inom utfasning av fossila bränslen för multisektorala modelleringsramar för att underlätta och 
harmonisera införandet av olika modelleringsverktyg som kan fokusera på energisystemets 
tekniska eller makroekonomiska perspektiv. Scenariotypens designprocess antyder en hybrid 
(dvs top-down / bottom-up) -metod för utveckling av scenarier inom utfasning av fossila 
bränslen inom ramen för den ”Strategic Energy Technology Plan” (strategisk 
energiteknologiplan) och ”The Energy Union’s” strategi (energiförbundsstrategin).
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Abstract 
Model-based energy scenarios are intended to serve as supporting tools for decision makers. 
Trying to assess the implications of the transition towards a low-carbon European society, the 
European Commission has supported numerous modelling projects for the development of 
energy scenarios. Since today, energy scenarios have attracted intensified attention in energy 
research and the search for appropriate design methods is ongoing. Within the development 
process of energy scenarios, interdependent socio-economic drivers and supportive policy 
measures are combined and translated into key messages for the evolution of the energy system. 
This thesis presents a design process for the formulation of decarbonisation scenarios for multi-
sectoral modelling frameworks, in order to facilitate and harmonize the inclusion of different 
modelling tools that might focus on the engineering or the macroeconomic perspective of the 
energy system. The scenario design process suggests a hybrid (i.e., top-down/bottom-up) 
approach for the development of decarbonisation scenarios under the framework that is delimited 
by the Strategic Energy Technology Plan and the Energy Union strategy. 
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1 INTRODUCTION 
This chapter includes the introduction, the background, the aim and the objectives of the 
presented study. 

Within this study, a detailed scenario design process is presented for the formulation of 
decarbonisation scenarios for multi-sectoral modelling frameworks. Such task is challenging, 
because it requires multi-sectoral and macroeconomic perspectives, as well as a deep knowledge 
of how modelling tools work. 

The European Commission’s Horizon 2020 program supports a number of modelling projects. 
One of these projects, coordinated by KTH-dESA, is the REEEM modelling project (2016), 
which focuses on understanding of the system-wide implications of energy strategies in support 
of transitions to a competitive low-carbon EU society. This thesis is collocated in the framework 
of the REEEM project. 

The final outcome of this study is a scenario design process that combines qualitative 
overarching storylines and numerical modelling inputs in order to facilitate a hybrid (i.e., top-
down/bottom-up) approach for the development of decarbonisation scenarios, taking into 
account the cross-impact relationships of macroeconomic perspectives, as well as the capabilities 
of different modelling tools. 

 

 

1.1 Background 
In general, future is the time that is to come hereafter and is considered to be inevitable due to 
the laws of physics. During the last three decades, scenario analysis has been a useful tool for 
government planners, corporate managers and military analysts in terms of risk management and 
development of robust strategic plans in the face of an uncertain future (Joint Research Centre, 
2007). Scenarios are not forecasts of the future since no probability of occurrence is assigned. 
They are mainly treated as simulations of a number of possible futures (IPCC, 2000). Rather than 
incorporating events but potential tendencies towards future states of technological development, 
scenarios have found application in numerous studies of energy system analysis. 

Since today, a large number of different scenario techniques has been developed and modified 
according to the specific task and purpose of each study. Deep understanding of the field is 
needed, which usually includes a combination of macroeconomic and technological perspectives. 
For that purpose, the inclusion of a wide range of the best appropriate participants and experts in 
the scenario exercise is attempted.   

Energy modelling exercises have been conducted by numerous public and private organization, 
combining the rather qualitative intuition logic of the scenarios with computational models. 
Trying to evaluate the impact of strategies for the transition towards a secure, sustainable, 
affordable and modern energy system, the European Commission is funding numerous 
modelling projects. Within these projects, different modelling groups with different capabilities 
collaborate in order to provide a multi-sectoral analysis of the energy system that could provide 
insights on sectors such as technology, macroeconomics, environment, health impacts, consumer 
behaviour, market innovation and ecosystem capacity and services. Therefore, in order to 
provide plausible scenarios that can serve as assisting tools for policy makers, there is a need for 
a harmonized scenario design process that can be applied in a multi-sectoral modelling 
framework. 

https://www.kth.se/en/itm/inst/energiteknik/forskning/desa/projects/energy-model-develop/reeem-role-of-technologies-in-an-energy-efficient-economy-model-based-analysis-of-policy-measures-and-transformation-pathways-to-a-sustainable-energy-system-1.663642
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1.2 Aim and Objectives 
The aim of this thesis is the design of a process for the formulation of decarbonisation scenarios 
for multi-sectoral modelling frameworks. Through this study, an analysis of multi-sectoral and 
macroeconomic factors is attempted, taking into account the attributes and the values of different 
modelling approaches. The scenario development process of this thesis is applied on the 
framework delimited by the Strategic Energy Technology Plan (2015) and the Energy Union 
strategy (2015). 

Table 1. Strategic Energy Technology Plan 

SET-Plan 

• Active consumer at the centre of the energy system 

• Demand focus - increasing energy efficiency across the energy system 

• Systems optimization - increase flexibility and resilience in the system through 
innovation 

• Secure, cost-effective, clean and competitive supply 

Table 2. Energy Union Package 

Energy Union Package 

• Energy security, solidarity and trust 

• A fully integrated European energy market 

• Energy efficiency contributing to moderation of demand 

• Decarbonizing the economy 

• Research, Innovation and Competitiveness 

System thinking methodologies and model-agnostic approaches are pursued for the definition of 
the scenarios towards a low-carbon society and the assessment of their potential implications on 
environment, economy, technology and society. Additionally, this study tries to contribute in the 
REEEM modelling project, coordinated by KTH-dESA, in particularly through the development 
of overarching qualitative narratives and the collection of impact indicators for the key messages 
of the modelling exercise. 

The core objectives of this thesis are listed below. 

• A review of existing scenario design exercises including an identification of strengths, 
weaknesses and gaps in how scenarios are designed in literature; 

• A proposal of an innovative scenario design process including: 
1. Identification of the key drivers creating differences between scenarios; 

2. Overarching qualitative narratives of the potential energy system evolution in 
Europe; 

3. Link of qualitative narratives to numerical modelling assumptions; 

4. Identification of proper metrics (i.e., impact indicators) to represent the results 
and insights from a modelling exercise; 

5. Evaluation of the main challenges in the process and proposition of the possible 
solutions to them. 
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2 FRAME OF REFERENCE 
The reference frame is a summary of the existing knowledge and former performed research on 
the subject of this study. Being the result of an extended literature review in the field of energy 
scenario exercises, this chapter presents the theoretical reference frame that is necessary for the 
presented study. The chapter starts with the definitions of the terms encountered in this thesis 
and then, elaborates on the analytical framework of the scenario development process. 

 

 

2.1 Terminology 
Focal issue 
For a given subject of a modelling exercise, the focal issue delimits and specifies the scope of the 
analysis. According to J.N. Maack (2001), “scenarios are best suited to looking at the future 
through the lens of a specific issue”. The focal issue that a working group wants to address and 
investigate, is typically presented in the form of a “focal question” (Brummell & MacGillivray, 
2009).  

Narrative 
Narratives are overarching stories that describe qualitatively the relevant environment of the 
focal issue, summarizing the assumptions of the modelling exercise. They offer an internally 
consistent illustration of the possible images of the future, documented in a storyline with “a 
strong internal logic” (Maack, 2001). 

Drivers 
The drivers are factors capable to define how scenarios take shape. Drivers can be factors of 
society, economy, environment and technology, and serve as input data for the models of a 
modelling exercise. They are usually sorted according to their level of uncertainty and their 
ability to influence the desired outcome, based on experts' judgments (Maack, 2001). 

Pathway 
In general, pathways are mainly treated as quantitative descriptions of the different future worlds 
and serve as complementary quantitative interpretations of the rather qualitative narratives. 
Characterized by the same need for consistency as the narratives, they are meant to provide a 
quantitative representation of what the future might turn out to be. A pathway should not be 
treated as a forecast of the drivers’ evolution, but as a set of numerical assumptions that the 
modelling group intends to analyse. 

Scenarios 
Scenarios are the result of the consistent combination of rather qualitative narratives and rather 
quantitate pathways. According to J.N. Maack (2001), they are 1) plausible, 2) distinctive (i.e. 
focusing on different combinations of key drivers) and 3) consistent, providing a strong internal 
logic among the modelling drivers and the overarching assumptions of the exercise. Numerous 
studies found in literature use the term “scenario” and “pathway” in equal manner. In these 
cases, the term scenario is substituted by the term pathway, combining their attributes of both to 
the latter. Example of this category is the Shared Socioeconomic Pathways by Brian C. O’Neill 
et al. (2015). A more traditional approach that treat these two entities separately is adopted by 
the International Institute for Applied Systems Analysis (IIASA) in the Global Energy 
Assessment (GEA) (Riahi, et al., 2012). GEA’s working group has developed a single normative 
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scenario of the transition towards a sustainable future. Under this scenario, alternative pathways 
that describe transformations in the direction of the main objectives are developed. 

Indicator 
The term refers to the numerical representation of selected key messages derived from the results 
of a modelling exercise. Indicators are used in order to: 1) track the progress towards the defined 
development goals and objectives of the exercise and 2) quantify the impacts of the scenarios on 
different impact areas (International Atomic Energy Agency, 2005). An indicator can highlight 
important relations among the modelling assumptions, providing a clearer understanding of the 
scenarios’ outcomes and are expected to serve as a tool for the communication of the exercise 
findings. 

Cluster of pathways 
In general, clusters can be conceived as a group of elements of the same kind, growing or held 
together. A pathway "cluster" refers to a set of pathways sharing assumptions on specific drivers. 
The clusters, as used in previous studies, resemble a set of alternative routes with a tendency 
towards the realization of a set of objectives. The clustering of the pathways can be defined 
based on experts' judgments and refined by the outcome of the stakeholders’ workshops. The 
aggregated level of the clusters offers the possibility to extract interesting conclusions on the 
potential and the associated risk of the pathways examined in a modelling exercise. The task of 
clustering pathways, has been performed in many previous studies, including the reports 
published by the Energy Modelling Forum (EMF) (De Cian, et al., 2013; Blanford, et al., 2014) 
and IIASA (Riahi, et al., 2012).  

Assessment 
In general, an assessment can be an evaluation or appraisal. From the perspective of energy 
system analysis, the term refers to the process of synthesizing a set of key messages. These key 
messages can be derived from the results of the modelling exercise. Each key message is 
synthesized by an indicator or a set of indicators. The development of an integrated assessment 
framework constitutes one of the four specific objectives of REEEM. This thesis’s work 
contributed to this task, in particular through an extensive search over the indicators for the 
formation of an Impact Indicators List which aims to present a quantified version of the 
implications of transition pathways on technology, economy, society and environment of the 
European Union or a specific country. 

Case study 
Susan K. Soy (1997) claims that a case-study-research can be treated as the answer to questions 
which begin with “how” or “why” taking into account a limited number of events and 
conditions. The European energy system is characterized by enormous complexity and its 
evolution features a high level of uncertainty. An aggregated representation is not enough to 
capture all the impacts of the transformation of the energy system on specific countries or 
regions. A case study is defined as an individual and disaggregated study that can be also 
embedded in a specific pathway, offering valuable conclusions in regional, temporal or sectoral 
level. It is therefore more detailed, yet more narrow in scope than a pathway. The case studies 
can be developed in order to focus on specific aspects such as regional energy security, district 
heating, co-evolution and crowding out of technologies. Case studies are mainly characterized by 
an increased spatial (and temporal) resolution, that cannot be offered by the wide modelling 
approach of the pathways that focus on EU level. They are expected to shed light on issues that 
cannot fully fit under the umbrella of European scale models.  

Even though the term may refer to a pure individual analysis, the case studies of the EU energy 
system can be aligned with the EU-scale pathways as an effort to "flesh out" additional insights 
related to a specific technology transition pathway and understand how a particular element or 
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actor would affect the energy system. In that case, an alignment of assumptions over the key 
drivers with the respective pathways can be adopted by the modelling teams, while an increased 
level of detail and focus can be selected for their input data. Logically, the set of outputs is in 
turn also more detailed than that of the pathway.  

Future 
In general, the term “future” is conceived as the time that is to be or come hereafter and is 
considered to be inevitable due to the laws of physics. In scenarios exercises the term can be 
perceived as an internally consistent picture of the future state of the world. Using "futures" as 
generic pictures of the upcoming years, different scenarios can be extracted. The consistency of 
these pictures relies on a combination of predictable and unpredictable events and trends. Certain 
things, such elections intervals or the current demographic trends are already known from the 
common literature, while prevailing political values, oil prices’ fluctuations and currency rate 
fluctuations are characterized by high uncertainty (Maack, 2001).  

2.2 Literature review 
Scenarios are model based stories that illustrate images of the future. They should not be treated 
as forecasts of the future since no probability of occurrence is assigned (IPCC, 2000). Scenarios 
are mainly treated as simulations of a number of possible futures. A scenario usually finds 
application as an explanatory method or assisting tool for decision making process in order to 
shed light on the available choices and their potential consequences (Joint Research Centre, 
2007). In the last decades, the term has been vastly used in the analysis of the energy system 
both in public and private sector. Shell International BV and BP P.L.C. are pioneers in corporate 
level, trying to develop their plans based on the oil market trends and related events. Nowadays, 
almost every company or public organization, regardless its focus area applies scenario 
methodologies in order to proceed with its strategies. 

Different definitions of the scenarios have been published along with different approaches 
regarding their development techniques (von Reibnitz, 1988; Godet & Roubelat, 1996). 
Schwartz (1991) has claimed that scenarios can be treated as a set of stories, built around 
carefully constructed plots, aiming to inform the decision makers on the impacts of particular 
driving forces. Schwartz’s scenario development approach has been adopted by the Joint 
Research Centre of the European Commission (JRC) (2007) and the International Institute for 
Applied Systems Analysis (IIASA) in the Global Energy Assessment (GEA) (Riahi, et al., 2012). 
On the same line, scenarios can be categorized based on the nature of their outcomes and the 
uncertainty space they cover, distinguishing them between normative and descriptive. Normative 
are scenarios that focus on a desired final state or objective for which they try to investigated the 
necessary framework that will facilitate its realization. Descriptive scenarios, try to explore a 
wide uncertainty space of possible future developments, given the variation of underlying 
conditions of the relevant environment. Scenarios of both types have been developed by the 
Millennium Project (2009). A similar categorization of scenarios, provided by Börjeson et al. 
(2006), differentiate them between predictive, explorative and normative. In that way, these 
scenarios’ types are treated as answers to broad questions, such as “what-if”, "what may happen" 
and "what should happen", respectively.  

In a broad sense, a classification of the different types of energy scenarios usually concludes in a 
distinction between qualitative and quantitative scenarios. On the one hand, qualitative scenarios 
are verbal descriptions of how the energy future might evolve, providing an overarching 
story which is normally based on experts’ judgments. One the other hand, quantitative scenarios 
are model based, providing quantified information about future developments (International 
Atomic Energy Agency, 2006). As encountered in the common literature, the scientific 
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community has combined the above-mentioned scenario categories aiming to provide 
quantitative scenarios with overarching qualitative storylines. 

In energy modelling exercises, two main modelling approaches have been used, namely top-
down and bottom-up. Top-down approaches introduce a feedback between energy and economic 
sector. A top-down approach is encountered in general equilibrium models which offer the 
macroeconomic consistency needed for the assessment of the energy system. However, adopting 
a top down approach, while placing technology in the centre of interest might result in minimal 
details on the energy-consuming side of the economy. In contrast, optimisation models, 
simulation models, accounting models and multi-agent models follow a bottom-up approach 
(Fleiter, et al., 2011) that has the potential to capture the technological gains and losses of the 
energy system in a more detailed structure (Working Group III - IPCC, 2014). Therefore, the 
bottom-up approach has been encountered in many energy scenario exercises found in literature 
(International Energy Agency, 2012; International Energy Agency, 2013; World Energy Council, 
2013; U.S. Energy Information Administration, 2013; European Commission, 2016; European 
Climate Foundation, 2010; Greenpeace International; European Renewable Energy Council; 
Global Wind Energy Council, 2012). Since the top-down approach is not able to provide an 
equal detailed description of technology as the bottom-up approach, a combination of these two 
approaches has been attempted in energy scenario exercises, resulting in a hybrid (i.e., top-
down/bottom-up) approach. This approach has been adopted by many modelling groups such as 
the Fondazione Eni Enrico Mattei (FEEM), (2006) that uses the WITCH hybrid model in their 
studies.  

The Special Report on Emissions Scenarios (SRES) (IPCC, 2000) presented four broad 
storylines to illustrate consistently the relationships between the main economic, 
demographic, and technological forces that can affect the GHG emissions. On top of these 
forces, governmental priorities and strategies are defined as the most influential parameters and 
they are examined in varying degrees. Each of the 40 Emissions Scenarios is a specific 
quantitative interpretation of one of the four broad storylines. Given the variation of the critical 
assumptions about the driving forces, such as rates and trends of technological change, different 
pathways of economic development are examined, including a narrowing of the income gap 
between developed and developing countries.  

Another example of an energy modelling exercise is the report for “World Energy Scenarios” 
composed by the World Energy Council (2013). Aiming at exploring a wide scenario space and 
thus improving the understanding of future uncertainties over global energy use, the scenarios of 
this exercise belong in the descriptive scenario category as the SRES. Once again, the taxonomy 
of the scenario development process starts from an overarching rationale related to governance 
models. The MARKAL model that was used, offered the possibility for extensive technology 
portfolio variations, which general equilibrium models are not possible to represent. These 
variations were in fact combinations of different assumptions over the main driving forces that 
could affect each technology. Two future images of the world’s energy use were the result of this 
exercise – the first focusing on mitigation strategies through high level cooperation of the world 
and the second where the world focuses on adaptation strategies through decentralized decision-
making processes and competitive markets. 

As previously mentioned, Shell is a company that has performed energy modelling exercises 
using scenarios to form its strategies. Shell ‘s New Lens Scenarios (2013) is a representative 
study that follows a similar approach to the those mentioned above. Rather than seeking for 
strategies to accomplish specific objectives, this study investigated the impacts of two alternative 
“worlds” on the demand for energy carriers and energy services. At first, a single rationale 
regarding the diversity of the stakeholders of the energy systems has been selected as the point of 
departure of this analysis, stressing that the more inclusive the slower in implementation a 
governance model can be. Input data of demographic, economic, social and environmental 
drivers are then consistently selected based on the rational of the previous step. A wide portfolio 
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of technologies is examined within these two worlds. In the same line, additional energy 
scenarios developed by petroleum companies can be found in literature such as the energy 
outlooks of ExxonMobil (2014) and BP (2016). describe alternative future images of the world 
in the 21st century 

The Shared Socioeconomic Pathways (SSPs), composed by Brian C. O’Neill et al. (2015), 
followed a different approach from those mentioned above. Adopting a normative approach for 
the development of the pathways, the uncertainty space that the SSPs are intended to cover is 
defined primarily by level of these challenges, rather than the inputs or assumptions that lead to 
the final outcomes. The design process begins with the definition of a particular combination of 
mitigation and adaptation challenges and then identifies the key factors of the society that could 
affect the future development of the world. This approach can be associated with back-casting 
methods (Robinson, 1990).  

As part of the “Global Energy Assessment” (Riahi, et al., 2012), the International Institute for 
Applied Systems Analysis developed alternative pathways of the future global energy system. A 
single normative scenario for the transition towards a sustainable energy future was developed, 
setting the societal and political framework of the exercise. Under this scenario, alternative 
pathways are developed, each of them pursing simultaneously different sustainability objectives 
as an attempt to assess the technological and economic feasibility of the strategies to meet them. 
The pathways examine the policy strategies needed to meet the objectives, rather than seeking 
the impacts of the assumptions over the main driving forces. Three branching points characterize 
the taxonomy of this scenario definition process which starts with a categorization of the 
technological driving forces under three different focus areas, namely GEA-Supply, GEA-Mix, 
and GEA-Efficiency. Once the input data at this level are collected, the next step is to distinguish 
the pathways according to fuels and technologies. At the end, varying portfolio combinations are 
examined forming the branching points of the third level. 

Sustainability, competitiveness and security of the European energy system are placed high in 
the agenda of the European Commission (2011) which signs the Energy Roadmap to 2050. In 
this exercise, in order to meet the above-mentioned overarching objectives, the scenario process 
starts with the identification of four main drivers that would affect the development, namely 
energy efficiency, renewable energy, nuclear energy, and carbon capture and storage. Assuming 
that the whole world is acting on climate change, the Roadmap combines these drivers in 
different ways to create seven scenarios for 2050. Using a bottom-up approach and examining a 
varying portfolio of technologies, the scenarios present “representative” consumers and investors 
that pursue different objectives under a certain and robust regulatory framework. 

Following a similar approach, an extensive technology portfolio analysis was performed as part 
of the EMF27 study. Macroeconomic models set the link between economy and the energy 
system, while bottom-up models focus on technological details (Blanford, et al., 2014). The 
scenarios of EMF27 study are categorized based on the initially posed targets over the global 
carbon concentration (ppm CO2e). At the highest level of the scenario developing process, three 
actions relative to sustainable technological development are defined, namely decarbonisation of 
energy supply, increasing use of low-carbon energy carriers in end-use sectors and reduction of 
the energy use in general. Then the scenarios differentiate from each other according to strategies 
related to these actions and their implementation time.  

As part of the literature review, an additional classification of the energy scenario exercises 
presented above could be extracted, based on the uncertainty space that the scenarios span and 
their point of departure (i.e., single rationale or group of rationales used for the differentiation of 
the scenarios). 
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In general, even if each study usually adopts a specific process for the formulation of scenarios - 
influenced by its purpose, scope and origins - there are a few main pillars in the scenarios that 
can be encountered in the common literature. In the next sections of the literature review, a 
description of the main pillars of the scenarios is presented. 

Focal issue 
J.N. Maack (2001) claims that defining the focal issue is the first step for a successful scenario 
process as it delimits and specifies the scope of the analysis. According to Brummell and 
MacGillivray (2009), the definition of the focal issue that the working group wants to address, is 
typically presented in the form of a “focal question”. According to the same literature sources, 
even if it is possible to come up with a wide range of precise focal questions, the final one should 
be the biggest among the other questions on the table. However, the focal question should keep 
the dialogue relevant to the problem time and space, excluding any inconsistent element and 
capturing only the appropriate factors of influence. 

The issue or question that the working group seeks to address can present an “inside out” 
orientation (Joint Research Centre, 2007). The JRC claims that starting with a specific decision 
or question, and then building out towards the environment is a strategy that prevents the 
scenarios from drifting into broad purposeless generalizations about the future. Since scenario 

Figure 1. Additional example of the categorization of scenario exercises based on the approaches found in literature 
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exercise are usually used as an assisting tool for policy makers, deciding on a focal issue for a 
project guarantees that the process outcome will not reveal a vision of the future but an 
agreement on the strategic decisions, insights and impacts which the scenarios should be 
formulated to shed light on. 

When developing the focal question, the working group needs to remember who the primary 
audience of the scenarios will be. Typically, a focal question can be the outcome of experts’ 
interviews conducted by the working group members at the initial phase of a project (Brummell 
& MacGillivray, 2009). Safeguarding and assuring that the focal question is important to a wide 
range of stakeholders is essential. Moreover, the focal question should explicitly reveal the time-
horizon of the scenarios, because it will definitely affect the range of uncertainty to be 
considered within the scenario development process (Joint Research Centre, 2007). 

According to Daniel W. Rasmus (2014), a list of the attributes of the focal issue follows: 

• only one sentence or one question  

• able to create a context for the solution space that the working group wants to explore 

• appropriately phrased in order to explore long-range consequences of change 

• able to define time and space dimensions 

• able to challenge assumptions about mission and vision 

• able to encourage stakeholders’ involvement in the process 

Drivers 
Once the focal issue is defined at the first step of the scenario process, the identification of the 
factors that are most relevant and their prioritization according to their level of uncertainty and 
impact on the desired outcome follows. The relevant environment of the focal issue consists of 
the critical trends, events and forces which are interdependently connected. Trends, events and 
forces are factors that can shape the future dynamics in predictable and unpredictable ways. 
These factors can be collected through extended research of the working group and they are 
defined as major drivers of change (Joint Research Centre, 2007). J.N. Maack (2001) claims that 
the list of the drivers is normally derived by specific Social, Technological, Economic, 
Environmental, Political forces (SEEPT forces), while the JRC (2007) adds an additional 
element named Values. 

The key drivers, being able to affect how scenarios take shape, are categorized in the common 
literature between quantitative and qualitative drivers. A publication of the Directorate General 
for Energy and Transport (Mantzos, et al., 2004) claims that drivers with a quantitative nature 
can provide common numerical assumptions for factors such as population rates and rates of 
technological change. Once they are meaningfully quantified, they can be used as inputs to the 
models of the energy exercise. On the other hand, qualitative drivers such as political stability or 
environmental awareness, provide insights about the logic underlying these topics.  

The timeframe at which the values of the drivers change in a model is as crucial as the direction 
of their evolution. A driver over the cost of mitigation and adaptation to climate change 
strategies is an example that can justify the need for checking points within the examined 
timeframe of the models. As a report of the EMF28 study claims (Förster, et al., 2013), the 
reduction of energy consumption is claimed to have a higher value in the near-term compared to 
decarbonisation, because of the carbon intensity of key fuels. However, in the long-term term, as 
electricity is highly decarbonized in some of the EMF28 pathways, fuel switching is claimed to 
be more valued. Energy efficiency improvements might become either technically or 
economically more difficult to be pursued. Moreover, when the mitigation targets are 
very ambitious, decarbonisation becomes increasingly more important. Therefore, an emphasis 
on the energy efficiency improvements, including end-use efficiency of production and structural 
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change of the economy should be placed in short to medium term while decarbonisation 
becomes much more important in the long run.  

Narratives 
While all narratives are designed in way that captures the complementarity of the different 
models of a scenario exercise, each individual narrative, being plausible and vividly contrasting 
(Maack, 2001), takes into account different assumptions over the macroeconomic perspectives 
that can affect the focal issue. The formulation of narratives usually follows a user-friendly 
approach, which is oriented according to the readers’ background and their main areas of 
interest.  
Narratives have found application in earlier studies of energy system analysis in the context of 
Story and Simulation approach (SAS) (Alcamo, 2008), as they describe potential future states of 
technology development, rather than events. As presented before, examples of previous exercises 
that aimed to couple qualitative textual descriptions of societal, economic and technological 
futures with numerical simulation models, are the Special Report on Emissions 
Scenarios (SRES) (IPCC, 2000), the “New Lens Scenario” by Shell International BV (2013) and 
the World Energy Scenarios published by the World Energy Council (2013). 

Pathways 
In general, the pathways found in common literature are mainly treated as quantitative 
descriptions of the different future images of the world. Since the analysis of the European 
energy system cannot be analysed using static snapshots at a particular point in time, the term 
has been used in order to put a strong emphasis on the transition process and the evolution of 
trends over time. This concept is adopted by the EC (2011) for the development of the Energy 
Roadmap to 2050. This roadmap illustrates alternative routes to a more sustainable, competitive 
and secure energy system in EU28.  Transition pathways of the global energy system and their 
impact on the economy, society and environment are main outcomes of energy modelling 
studies, such as the Special Report on Emissions Scenarios (SRES) (IPCC, 2000) and the report 
on shared socioeconomic pathways (SSPs) (O’Neill, et al., 2015). IIASA modelling groups 
developed possible transformational pathways of the future global energy system with the 
overarching aim to assess the technological and economic feasibility of a range of 
sustainability objectives simultaneously.  

Indicators 
Indicators find application in statistical analysis as quantitative representation of encountered or 
upcoming trends. Since the indicators serve as a tool to communicate the outputs of the models, 
their selection is a process critical for the success of the exercise. Once again, the focal issue is 
used as an intuition lever. The indicators should be selected having in mind the objectives that 
have been defined in the beginning of the scenario process, as long as the capabilities of the 
models. J. N. Maack (2001) claims that a common mistake in the developing process of the 
scenarios is to fail to develop a clear map of the future with monitorable indicators that could 
measure the progress towards the defined objectives.  

Various international organizations have developed lists of indicators regarding the evolution of 
the energy system and its mutual dependence with society, economy and environment (United 
Nations Statistical Commission, 2015; Statistische Bundesamt (Destatis), 2016). The 
development of an insightful set of indicators should be treated as a continuous process. 
Throughout the years, the complexity of the energy system has been increased due to wide 
variety of the stakeholders involved and the continuous evolution of the physical components 
and services. The International Atomic Energy Agency (2005) claims that "no set of energy 
indicators can be final and definitive". The usefulness of an indicator is influenced by the 
continuous improvement over time to resemble the related conditions, priorities and capabilities 
of the exercise. 
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2.3 Strengths, weaknesses and gaps of scenarios 
The wide use of scenarios in the decision-making process resulted in many different scenario 
development techniques. Criticizing the work of experienced modelling teams is not the aim of 
this study. Moreover, there is a long list of reports and papers compiled by the authors of energy 
scenario exercises that stress their strengths and provide suggestions for further future 
improvements regarding their weaknesses. However, a summary of the strengths, weaknesses 
and gaps of scenarios, as identified by the author of this thesis report, is presented in Table 3. 

Table 3. Summary of the strengths, weaknesses and gaps of energy scenarios 

Identified strengths: 

• Scenarios can serve as assisting tool for the development of robust strategies, providing 
foresights of alternative images of the future. 

• Scenarios can be useful for long-range planning and risk management processes of 
public and private organizations. 

• Scenarios can improve the communication within organizations and encourage the 
participation of a wide range of stakeholders in the decision-making process 

Identified weaknesses: 

• The scenario development process is a time-consuming task. 

• Deep understanding of macroeconomic and technological perspectives is essential for the 
development of plausible scenarios 

• The outcomes of the scenario exercise can be biased or wishful in case the working 
group focuses on extreme positive or negative scenarios. 

Identified gaps: 

• It is reasonable to conclude that there is not a single rule of thumb for the scenario 
development process. 

• There is no unified approach on how to integrate behavioural aspects as a factor that can 
differentiate the scenarios of an exercise. 
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3 METHODOLOGY 
In this chapter, the design of a process for the formulation of decarbonisation scenarios for 
multi-sectoral modelling frameworks is presented. This chapter starts with an overview of the 
methodology used in this thesis. A more detailed analysis of the scenario design process is 
provided in the following sub-sections, including an explanatory example.  
 

 

3.1 Scenario Design Process-overview 

 
Figure 2. Schematic representation of the scenario design process 

The design of a process for the formulation of decarbonisation scenarios for multi-sectoral 
modelling frameworks is an interesting yet challenging task, since it tries to facilitate the 
capabilities of different modelling groups that may use different computational models. System 
thinking methodologies and model-agnostic approaches are applied in the presented study. 

According to Brummell and MacGillivray (2009), the first step in the process is the definition of 
the focal issue that the working group wants to address. Useful focal issues emerge from the 
major challenges of a scenario exercise. In this study, the focal issue is defined as the role and 
the impacts (i.e., societal, economic, environmental) of technology in transitions to a low-carbon 
EU energy system by 2050. The focal issue reveals the main element of the analysis (i.e., 
technology) as long as the spatial and temporal dimensions of the solution space (i.e., EU; by 
2050). Normally, after the focal issue is defined the first step of the scenario development 
process is completed. This thesis work applies the scenarios design process on the framework 
delimited by the SET-Plan and the Energy Union strategy. Therefore, a sub-set of focal questions 
is developed according to these two EC’s initiatives. 

The scenario design process presented in this thesis tries to facilitate a hybrid (i.e., top-
down/bottom-up) approach for the development of decarbonisation scenarios that focus on 
technology. As already explained in the literature review, a common practice for the formulation 
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of scenarios is to combine qualitative overarching storylines and numerical modelling inputs 
(Riahi, et al., 2012). From a top-down point of view, the qualitative narratives presented in this 
chapter offer a framework with macroeconomic consistency within which different technology 
pathways can be assessed. From a bottom-up perspective, the quantitative pathways represent the 
numerical modelling inputs of the respective technologies. 

The narratives, being storylines with a strong internal logic, capture the relevant environment of 
the focal issue in order to investigate the role and impacts of technology towards a decarbonized 
EU energy system. They provide the qualitative context information needed to describe 
alternative images of the EU28 under which the transitions of the energy system can take place. 
The complexity of the energy systems in terms of the physical elements that are included and the 
stakeholders that are involved mandates the use of a model-agnostic approach for the 
development of plausible narratives.  

The model-agnostic approach used in this scenario design process is the Morphological approach 
presented by Ritchey (2009). According to this approach the process starts with the definition of 
“m-dimensions” that can characterize the solution space. The solution space of the evolution of 
the energy system requires the use of high level dimensions for the development of narratives. A 
SEEPT (i.e., society, economy, environment, policy, technology) framing has been adopted for 
the dimensions, using one additional dimension that focuses on global commitments in terms of 
the decarbonisation of the energy system. This framing has been selected in order to fully 
capture the multiple sectors (e.g., technology, macroeconomics, environment, health impacts, 
consumer behaviour, market innovation and ecosystem capacity and services) that could be 
covered by the different models involved in a modelling exercise. Therefore, six dimensions are 
selected in this study, namely Technology, Economy, Governance and Policies, Society, 
Environment and Global. Then the next step of the morphological approach is to identify a range 
of “n-states” that can describe each dimension in a different and plausible manner. In that way, a 
m-n dimensional configuration matrix occurs. The final step of this model-agnostic base is the 
combination of the dimensions-states in order to form coherent and consistent narratives. For this 
task, historical examples and studies in macroeconomics (Proost & Pepermans, 2016) are 
employed. The outcome of this task is the formulation of alternative narratives of the future 
context in the EU28, among potential many, that set the ground for the evolution of the energy 
system in EU28. 

Once the context for the solution space of the focal question is defined, the next step is the 
collection of the modelling drivers creating differences between scenarios. These drivers can 
influence the level of success or failure of the strategies in support of the transition to a low-
carbon EU energy system. It is obvious that the number of the drivers of a multi-model exercise 
is defined by the scope and functionalities of the models that are involved. The next step is to 
prioritize the drivers in terms of impact and uncertainty according to their ability to influence the 
focal issue and the sub-set of focal questions. This is usually a task performed using the 
consultation of a diversified group of experts which the modelling group could invite to share 
their opinion. Among the long list of the drivers, specific focus is placed on those characterized 
by High Impact/Low Uncertainty and High Impact/High Uncertainty. Drivers with high impact 
and low uncertainty are defined as predictable or predetermined. One the other hand, drivers 
with high impact and high uncertainty are defined as unpredictable or uncertain.  

Since the role and the impact of technology has been placed in the centre of focus, the input data 
of the predictable and unpredictable drivers are the modelling assumptions over the evolution of 
specific technologies. Combinations of these modelling assumptions result in multiple pathways 
of the different technologies that the working group of a scenario exercise intents to analyse. Of 
course, the modelling assumptions of the pathways should be selected once the formulation of 
the narratives is completed. The input data of the predictable drivers can be selected based on 
targets of policies or strategies that have been or are about to be ratified from the policy makers 
(e.g., EC’s Directive for Near to Zero Energy Buildings). The input data of the unpredictable 



 23 

drivers (e.g., techno-economic parameters of a technology) can be selected by the modelling 
groups in order to evaluate the different possible ways a technology might play out in the future. 
The modelling assumptions of both the predictable and unpredictable drivers can extend between 
specified limits that the modelling group would define. For example, predictable drivers can 
range between less ambitious to more ambitious targets, while the unpredictable drivers can 
represent a low, medium or even high development rate.  

The next step of this scenario design process is to combine consistently the modelling 
assumptions of the pathways and the qualitative storylines of the narratives, in order to form the 
scenarios. Accepting that there is an infinite number of potential future images of the EU (i.e., 
narratives) a pathway can fit consistently under more than one narrative, the latter in which the 
pathway exists, is able to determine the level of its evolution in a completely different way. As 
stated in the focal issue, the focus is placed on the role of technologies towards a decarbonized 
European energy system. Therefore, the main linking element between narratives and pathways 
is the technology dimension of the morphological approach. Therefore, the technology 
dimension can guide the linking process at the first step. However, this does not mean that the 
pathways should not be checked in terms of consistency with the rest of a narrative. 

As mentioned before the narratives try to capture the relevant environment that will affect the 
answer to the focal question. Taking into account the capabilities of the models involved in an 
exercise, an agreement among the modelling groups on the translation of the narratives into 
modelling assumptions can facilitate the link between the narratives and the pathways. Each 
narrative could represent different growth rates of the economy (i.e., at EU level, Member States 
level or sectoral level) or investment strategies in new or existing power plants and taxation 
schemes (e.g., increase of ETS sectors or carbon tax). Therefore, during the formulation of the 
pathways, the modelling assumptions over the predictable and unpredictable drivers should be 
consistent with the narrative under which the pathway is going to be analysed. Once the scenario 
is prepared the modelling results should again be checked in terms of consistency with the 
narrative. This process should be iterated until the final consistent combination of a narrative and 
a pathway. For that purpose, historical examples, studies in microeconomic and consultation of 
experts can be employed.  

The last step of this scenario design process is to feed the models with the input data of the 
consistent scenarios. In modelling projects for decarbonisation scenarios, the indicators of the 
models provide the numerical representation of selected key messages derived from the results of 
the modelling exercise. The selection of the indicators is limited by the capabilities of the 
different models used in the exercise. In this thesis, the indicators are grouped within five impact 
areas, namely society, environment, economy, technology and institutional capacity. The 
indicators are then distinguished between primary and secondary indicators. The primary 
indicators are those that can be directly computed by the modelling groups. The secondary 
indicators are either those that a model can compute from the models’ outputs or those that do 
not fall within the capabilities of the models meaning that future work in needed for their 
computation. Detailed information of the impact indicators that can communicate the results and 
insights from energy modelling exercises is provided in the corresponding subsection of this 
chapter. Finally, a suggestion for the assessment of the scenarios is presented at the end of this 
chapter, based on a double-criteria sorting process that takes into account the performance of the 
scenarios in the five impact areas and the preferences of different stakeholders (e.g., policy 
maker, NGOs, consumer sector, supply sector). 

In the subsections to follow, the focal issue, the narratives, the pathways and the indicators of the 
presented scenario design process are further explained. Finally, an explanatory example that 
serves as application summarises the steps of the scenario process of this thesis. 
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3.2 Focal Issue 
3.2.1 What is the focal issue/question? 

Accepting that there is an infinite number of alternative images of the future it is essential to 
focus only on those images that are of high importance. As mentioned in the literature review 
(Maack, 2001), the focal issue can be a sentence or a question that delimits and specifies the 
scope of the analysis. Useful focal questions emerge from the major challenges of a scenario 
exercise. Understanding and linking of the system-wide implications of the technological 
evolution in support of transitions to a competitive low-carbon EU energy system is the main 
challenge of the presented application. That being said, the focal issue is presented below in the 
form of a focal question:  

“What are the role and the impacts (i.e., societal, economic, environmental) of technology in 
transition towards a low-carbon energy system within EU28 by 2050?” 

An analysis of the focal question follows: 

• Explicit focus is placed on the role of “technology”  

• Explicit focus is placed on the “energy system”. 

• Explicit focus is place on the decarbonisation of the energy system. 

• The energy transition is presumed to be a continuous process. 

• Society, economy and environment are defined as impact areas of the transitions. 

• The spatial and temporal domain is the EU28 by 2050.  

3.2.2 What is the sub-set of focal questions?  
The focal question offers a representation of the main challenge for which the scenario design 
process is developed. Normally, after the focal issue or question is defined the first step of the 
scenario development process is completed. One of the objectives of this thesis is to apply the 
scenarios design process on the framework delimited by the Strategic Energy Technology (SET)-
Plan (European Commission, 2015) and the Energy Union strategy (European Commission, 
2015). Therefore, a sub-set of focal questions is developed according to these two EC’s 
initiatives. These sub-questions address the four integrated challenges of the Integrated Roadmap 
of the SET-Plan and the five dimensions of the Energy Union strategy.  

Table 4. SET-Plan: 

SET-Plan sub-questions: 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon energy system with active consumers within EU28 by 
2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon and efficient energy system within EU28 by 2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon and optimized energy system within EU28 by 2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon, secure, cost effective, clean and competitive energy 
system within EU28 by 2050? 
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Table 5. Energy Union Package sub-set 

Energy Union Package sub-questions: 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon, secure, solid and trustful energy system within EU28 
by 2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon energy system under a fully integrated 
European energy market within EU28 by 2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon energy system with a moderate energy demand 
through energy efficiency improvements within EU28 by 2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon energy system as part of the strategies for the 
decarbonisation of the economy within EU28 by 2050? 

What are the role and the impacts (i.e., societal, economic, environmental) of technology 
in transition towards a low-carbon, research intensive, innovative and competitive 
energy system within EU28 by 2050? 

This sub-set of questions offers the lenses that can be used to look at the future evolution of the 
energy system according to a specific issue. Moreover, this disaggregation of the focal question 
can be employed in order to cluster the pathways as is explained later in the corresponding 
subsection of this chapter. 

3.2.3 What is the relevant environment of the focal issue? 

Trying to answer the broad focal question and the sub-questions stimulated a long exploration on 
the parameters that can affect the possible future image of the EU energy system. These 
parameters form the driving forces of the relevant environment of the focal question and the sub-
set of questions. A SEEPT (i.e., society, economy, environment, policy, technology) framing 
was adopted in this thesis in order to categorize them. An additional driving force that could 
potentially affect the answer to the focal question is the global action on climate change through 
international commitment. Examples of the possible directions of the future evolution of each 
driving force have been identified, using previously published studies as intuition levers. 

Society 
A potential direction of this driving force would see a strong market transformation in favour of 
consumer involvement. This could be accompanied by increased public awareness about 
sustainability and a “green growth” consensus (Norgård, 2016) through education. Moreover, 
acceptance of the benefits from bioenergy (Krey, et al., 2013) as long as the opposition or 
support of nuclear energy are also parameters that would affect the potential evolution of the EU 
energy system. Finally, educational or taxational structures would affect the public opposition to 
renewable energy technologies and unconventional fossil fuels which is normally stimulated by 
their high initial cost. 

Economy 
An agreement of the Eurozone could lead to higher convergence across countries and even 
stronger cooperation on the investment needed for the decarbonisation of the entire energy 
system. Higher international competition and low environmental constraints incorporated in the 
tax structures can stimulate a high economic growth rate (Energy Modeling Forum, 1982). From 
a wide perspective, not only the direction and the rate of the economic growth is critical at 
macroeconomic level, but the reason of its change as well. In contrast, a direction of this driving 
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force that sees less prosperity and less convergence of Member States objectives across many 
policy areas of economy including energy could increase inequality within EU28.  

Environment 
Strict constraints regarding the use of fossil fuels in every sector of the economy and strong 
regulations over the land use in EU, or conversely less stringent or even no constraints could 
affect how the EU energy system might evolve in the future (O’Neill, et al., 2015).  

Policy 
The governance models within the EU28 as long as the policies to be ratified are critical for the 
accomplishment of the goals set by the SET-Plan and the Energy Union Package. Will the 
governance models facilitate the transition by all means or will the Member States be 
protectionists? The diversity of the stakeholders as long as the ways they interact with each other 
can stimulate different routes of development (World Energy Council, 2013; Shell International 
BV, 2013). Moreover, in case the EU remains the frontrunner in terms of mitigation and 
adaptation policies against climate change (European Commission, 2017), an increased level of 
international cooperation could result in different costs of policy and technology implementation 
(De Cian, et al., 2013). It is clear though that this driving force could of course be interdependent 
with other driving forces that could affect an economic, technological and societal development. 

Technology 
The rate of the technological development at the EU level could vary from slow to fast. Fast 
technological development could be achieved through cost reduction and support (e.g., strong 
investments) to innovation strategies. In part, this could be stimulated by an alternation of the 
conditions and barriers through legislative reformation in order to abandon narrow portfolios of 
technologies. In contrast, a rather slow rate of technological development across the EU could be 
realized through a reduced flow of public and private investments into the promotion of energy 
technologies and the absence of policies that could facilitate the development. 

Optimistic directions of technological evolution would include a decentralized version of the 
energy system which is in favour of the integration of the renewable energy technologies through 
infrastructure development. This could be enabled by a strong investment in the infrastructure of 
the grid and IT services, that is followed by a diversified investment strategy in support of 
energy efficiency and low-carbon sources. Alternatively, a pessimistic direction of this driving 
force would see a rather centralized version of the energy system within which the carbon 
intensity remains at high levels due to reliance on fossil fuels and large domestic resources in 
order to guarantee the security of supply at EU and Member State level (O’Neill, et al., 2015). 

Global 
A cooperation between the EU28 and the rest of the world in matters such as economy, 
technology and environment could decrease the upfront investment that European Member 
States should devote for the evolution of the energy system. An international commitment 
regarding climate change could set the frame of this cooperation and accelerate the 
decarbonization of the European energy system. 

3.3 Overarching narratives 
3.3.1 What are the narratives? 

The narratives presented in this chapter try to capture the relevant environment of the focal issue. 
They are qualitative overarching storylines with a strong internal logic that describe different 
future contexts of EU28 within which the role and the impacts of technology towards a 
decarbonised energy system can be assessed.  
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3.3.2 How are the narratives developed? 
System thinking approaches can be employed for the development of the narratives. Several 
approaches can be found in literature such as the Cross-Impact Balance analysis (CIB) (Weimer-
Jehle, et al., 2016) and the Story and Simulation approach (SAS) (Alcamo, 2008). In this thesis 
work the Morphological approach as presented by Ritchey (2009), was adopted for the 
development of the narratives.  

According to the Morphological approach, the process starts with the definition of “m-
dimensions” that can characterize the solution space (i.e. future context of the EU28). The 
complexity of the energy system requires the use of high level dimensions for the development 
of narratives. A SEEPT framing (i.e., corresponding to the relevant environment of the focal 
issue) has been selected for the dimensions, using one additional dimension that focuses on 
global commitments in terms of the decarbonisation of the energy system. Therefore, six 
dimensions are selected in this study, namely Technology, Economy, Governance and Policies, 
Society, Environment and Global. Then the next step of the morphological approach is to 
identify a range of “n-states” that can describe each dimension in a different and plausible 
manner. In that way, a m-n dimensional configuration matrix occurs.  

A narrative can be developed using six states (i.e., one state from each dimension). A high 
granularity level (i.e., number of different states) of the dimensions used in the morphological 
approach can result in a big number of different narratives. However, not all of them are 
meaningful or interesting. In this study, for each of the dimensions, a positive and a negative 
state have been selected with four states that fall in between. The logics used for the 
differentiation of the states of each dimension are presented in the table below. 

Table 6. Logics of each dimension 

Dimension Differentiation Logic 

Technology Technological development rate and diversity 
of technologies and energy carriers 

Economy Economic development rate and economic 
cooperation level 

Global Global cooperation level and climate 
agreements and diversity of energy resources 

Governance and Policies Political cooperation level and diversity of 
stakeholders 

Society 
Acceptance level of sustainability and its cost, 
environmental awareness, social engagement 
and gap between citizens and EU institutions 

Environment Climate sensitivity to emissions change, 
availability of water and resources 

Previously published studies, such as the Special Report Emissions Scenarios (2000), the Shell’s 
New Lens Scenarios (2013), the World Energy Scenarios of the World Energy Council (2013), 
the Shared Socioeconomic Pathways (SSPs) (2015), the Context scenarios (2016) and the EC’s 
White Paper on the Future of Europe (2017), serve as intuition levers for the states of each 
dimension. The states that were identified in these studies are presented in annex B.  

The table, presented below, lists the dimensions and the states from which the narratives of the 
presented scenario design process were composed. 
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Table 7. Matrix of the dimensions and states used for the development of the narratives 

Technology Economy Global Governance and 
Policies Society Environment 

T1: Slow 
technological 

development towards 
fossil fuels and 

discovery of new 
domestic resources 

E1: Economic 
stagnation and 
extended Euro 
crisis with no 

economic 
cooperation 

G1: No global 
commitment to 
climate change, 

strong competition 
and focus on 

domestic energy 
resources, discovery 

of new fossil 
intensive resources 

GP1: Protectionist 
political stage sets 

economy, self-
reliance and 

preservation of local 
identities as first 

priorities 

S1: Not-in-my-
backyard behaviour, 

climate driven 
scepticism, weak 

success of demand 
response, low 

investment in human 
development, weak 
social engagement 
and limited trust of 

citizens in EU 
institutions 

ENV1: High 
climate sensitivity 
to emissions, low 

availability of 
scarce resources 

and water 

T2: Uneven 
development of 

technological areas 
and uneven use of 

resources 

E2: Slow 
development of 
economy with 

regional 
orientation 

G2: No global 
commitment to 
climate change, 
elites’ economic 

cooperation, 
increased focus on 

shale gas 

GP2: Decentralized 
governance models 

emerge only in 
group of countries, 

energy security is of 
high priority, 

moderate in speed 
legislation planning 
in favour of elites 

S2: Political driven 
scepticism, medium 
success of demand 
response, medium 

investment in human 
development, weak 
social engagement, 
citizens think EU28 

has taken over 
national authorities 

ENV2: High 
climate sensitivity 

to emissions, 
medium 

availability of 
resources and low 

availability of 
water. 

T3: Medium 
technological 

development and 
balance across 

resources 

E3: Slow 
development of 
economy with 

elites’ cooperation 
and vulnerable 

sectors 

G3: Limited 
regional cooperation 
on climate change, 
elites’ economic 

cooperation, balance 
across investments 

in energy 
technologies 

GP3: Status quo 

S3: Decreasing 
political driven 

scepticism, 
increasing demand 
response success 

and medium 
investment in human 

development, 
medium social 
engagement, 

increased trust in 
EU institutions 

ENV3: Medium 
climate sensitivity 
to emissions, low 

availability of 
scarce resources 

and water 

T4: Medium 
technological 

development with 
increased focus on 

bioenergy, CCS and 
renewable 

technologies driven by 
a joint plan 

E4: Medium 
development of 
economy for the 
already strong 
Member States 

and slow 
economic 

development for 
the rest with 

national 
orientation 

G4: Increasing 
regional cooperation 
on climate change, 

increasing economic 
cooperation, balance 
across investments 

in energy 
technologies 

GP4: Slow 
introduction of new 
stakeholders, energy 
turnaround and self-
dependency are high 

priorities, single 
voice in economy, 
climate and energy 
matters, legislation 
planning promotes 

speed 

S4: Cost driven 
scepticism, medium 
investment in human 

development, 
medium social 

engagement, gap 
between citizens and 

EU institutions 
remains an obstacle 

ENV4: Medium 
climate sensitivity 
to emissions and 

medium 
availability of 
resources and 

water.  

T5: Rapid 
technological 

development towards 
fossil fuels  

E5: Fast 
development of 
economy for the 
already strong 
Member States 

and medium 
economic 

development for 
the rest with 
increasing 
economic 

cooperation 

G5: Few agreements 
including carbon 
leakages outside 

EU28, world shows 
faith in market and 

innovation 

GP5: Single voice of 
EU28 and political 

convergence, 
decentralized 

governance models 
and big diversity of 

stakeholders, 
economic 

sustainability is of 
high priority, 

legislation planning 
promotes 

participation 
resulting in slow 

actions 

S5: Sustainability is 
mainly accepted due 
to mandates of EC 
in residential sector 

and strong 
governmental 

subsidies, reduced 
cost driven 

scepticism, high 
investment in human 

development, 
moderate social 
engagement, gap 

between citizens and 
EU institutions starts 

closing 

ENV5: Low 
climate sensitivity 
to emissions, high 

availability of 
shale gas and low 

availability of 
water 

T6: Rapid 
technological 

development with 
increased focus on 
electric renewable 

technologies driven by 
a joint plan 

E6: Fast 
development of 
economy in the 
entire EU and 

strong economic 
cooperation 

between member 
states  

G6: Global 
commitment to 
climate change, 

global cooperation 
over economic and 

energy related 
matters 

GP6: Fast 
introduction of new 
stakeholders, energy 
turnaround is high in 

the agenda, single 
voice in economy, 
climate and energy 

maters 

S6: Sustainability is 
mainly accepted due 
evident impacts of 

climate change, high 
investment in human 
development, strong 
social engagement, 

gap between 
institution’s promise 

and delivery is 
reduced 

ENV6: Low 
climate sensitivity 
to emissions, high 

availability and 
high availability 
of resources and 

water 
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A description of the dimensions and states used for the development of the narratives in the 
presented thesis follows. 

Dimension 1: Technology 
The cooperation level of Member States in terms of infrastructure development and the 
promotion of decarbonisation and digitization through investments (European Commission, 
2017), is a critical factor that could affect the decarbonization of the energy system in the EU28. 
Another point of differentiation for the states that fold in this dimension is the diversity of the 
portfolio in terms of energy carriers and the availability of technologies. Examples of narratives 
that are categorized based on the diversity of the technological portfolio have been included in 
studies such as the Global Energy Assessment (GEA)  (Riahi, et al., 2012), the Energy Roadmap 
2050 (European Commission, 2011) and the EMF27 (Blanford, et al., 2014). 

Dimension 2: Economy 
Different international trade conditions, level of economic convergence and vigour of Euro are 
factors that could affect the evolution of the energy system in the EU28. Moreover, the states of 
this dimension include different economic growth patterns and investment strategies. 

Dimension 3: Global 
The future images of EU are not only affected by the decisions of the Member States. External 
forces can also have an impact. Initially, the potential influence of global commitments for the 
decarbonisation of the energy system was incorporated in the other dimensions of the 
morphological approach. However, adding Global as a dimension could clearly distinguish the 
narratives that would see the EU as the only runner in the race towards sustainable development 
and those that describe simultaneous global improvements and efforts. 

Dimension 4: Governance and Policies 
Energy turnaround, economic sustainability or security are political priorities that could affect 
the decarbonization of the energy system in the EU28. In this dimension, there are states that 
present centralized or decentralized governance models. 

Dimension 5: Society 
Apart from the authorization level of EU upon the strategies of the Member States that affect 
education, health care investments, social cohesion and societal participation (European 
Commission, 2017), additional factors of importance are the public awareness and acceptance of 
sustainability. States that present different levels of citizens’ engagement have been selected for 
this dimension. The potential reasons of the public opposition towards sustainability are 
distinguished between cost driven scepticism due to high cost of sustainable development plan, 
politically driven scepticism due to limited participation and climate driven scepticism due to 
disbelief regarding the impacts of climate change. 

Dimension 6: Environment 
The evolution of the energy system in the EU28 would have a certain influence on the environment. 
However, the environmental capacity and sensitivity are important factors of this influence. The 
states of this dimension present low, medium or high climate sensitivity to emissions. Similarly, 
different levels of water and resources availability have been selected.  

The final step of this model-agnostic approach is to look at interesting combinations of the 
dimensions and states. These combinations will form the basis of coherent and consistent 
narratives. An iterative procedure took place for the development of distinctive narratives. For 
this task historical examples and previous studies in energy economics (Proost & Pepermans, 
2016) were employed. An even number of narratives is suggested in order to avoid the 
development of a narrative that would be seen as a middle case or confronting path of the EU 
evolution. The final four narratives present alternative images of the evolution of the energy 
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system in EU28. Same fertility rates are assumed for every narrative, based on similar findings 
of respective studies (Mamolo & Scherbov, 2009; United Nations, Department of Economic and 
Social Affairs, Population Division, 2015). 

3.3.2.1 POOR HUBBERT 

Poor Hubbert is a world where self-reliance prevails. In the absence of a single voice in themes 
such as societal cohesion, climate change and energy system at EU level, strongly centralized 
and protectionist governance models are established.  

Table 8. Choice of the states for the narrative “Poor Hubbert” 

Technology Economy Global Governance and 
Policies Society Environment 

T1: Slow 
technological 

development towards 
fossil fuels and 

discovery of new 
domestic resources 

E1: Economic 
stagnation and 
extended Euro 
crisis with no 

economic 
cooperation 

G1: No global 
commitment to 
climate change, 

strong competition 
and focus on 

domestic energy 
resources, discovery 

of new fossil 
intensive resources 

GP1: Protectionist 
political stage sets 

economy, self-
reliance and 

preservation of local 
identities as first 

priorities 

S1: Not-in-my-
backyard behaviour, 

climate driven 
scepticism, weak 

success of demand 
response, low 

investment in human 
development, weak 
social engagement 
and limited trust of 

citizens in EU 
institutions 

ENV1: High 
climate sensitivity 
to emissions, low 

availability of 
resources and 

water 

T2: Uneven 
development of 

technological areas 
and uneven use of 

resources 

E2: Slow 
development of 
economy with 

regional 
orientation 

G2: No global 
commitment to 
climate change, 
elites’ economic 

cooperation, 
increased focus on 

shale gas 

GP2: Decentralized 
governance models 

emerge only in 
group of countries, 

energy security is of 
high priority, 

moderate in speed 
legislation planning 
in favour of elites 

S2: Political driven 
scepticism, medium 
success of demand 
response, medium 

investment in human 
development, weak 
social engagement, 
citizens think EU28 

has taken over 
national authorities 

ENV2: High 
climate sensitivity 

to emissions, 
medium 

availability of 
resources and low 

availability of 
water. 

T3: Medium 
technological 

development and 
balance across 

resources 

E3: Slow 
development of 
economy with 

elites’ cooperation 
and vulnerable 

sectors 

G3: Limited 
regional cooperation 
on climate change, 
elites’ economic 

cooperation, balance 
across investments 

in energy 
technologies 

GP3: Status quo 

S3: Decreasing 
political driven 

scepticism, 
increasing demand 
response success 

and medium 
investment in human 

development, 
medium social 
engagement, 

increased trust in 
EU institutions 

ENV3: Medium 
climate sensitivity 
to emissions, low 

availability of 
scarce resources 

and water 

T4: Medium 
technological 

development with 
increased focus on 

bioenergy, CCS and 
renewable 

technologies driven by 
a joint plan 

E4: Medium 
development of 
economy for the 
already strong 
Member States 

and slow 
economic 

development for 
the rest with 

national 
orientation 

G4: Increasing 
regional cooperation 
on climate change, 

increasing economic 
cooperation, balance 
across investments 

in energy 
technologies 

GP4: Slow 
introduction of new 
stakeholders, energy 
turnaround and self-
dependency are high 

priorities, single 
voice in economy, 
climate and energy 
matters, legislation 
planning promotes 

speed 

S4: Cost driven 
scepticism, medium 
investment in human 

development, 
medium social 

engagement, gap 
between citizens and 

EU institutions 
remains an obstacle 

ENV4: Medium 
climate sensitivity 
to emissions and 

medium 
availability of 
resources and 

water.  

T5: Rapid 
technological 

development towards 
fossil fuels  

E5: Fast 
development of 
economy for the 
already strong 
Member States 

and medium 
economic 

development for 
the rest with 
increasing 
economic 

cooperation 

G5: Few agreements 
including carbon 
leakages outside 

EU28, world shows 
faith in market and 

innovation 

GP5: Single voice of 
EU28 and political 

convergence, 
decentralized 

governance models 
and big diversity of 

stakeholders, 
economic 

sustainability is of 
high priority, 

legislation planning 
promotes 

participation 
resulting in slow 

actions 

S5: Sustainability is 
mainly accepted due 
to mandates of EC 
in residential sector 

and strong 
governmental 

subsidies, reduced 
cost driven 

scepticism, high 
investment in human 

development, 
moderate social 
engagement, gap 

between citizens and 
EU institutions starts 

closing 

ENV5: Low 
climate sensitivity 
to emissions, high 

availability of 
resources, 

especially of shale 
gas and low 

availability of 
water 
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T6: Rapid 
technological 

development with 
increased focus on 
electric renewable 

technologies driven by 
a joint plan 

E6: Fast 
development of 
economy in the 
entire EU and 

strong economic 
cooperation 

between member 
states  

G6: Global 
commitment to 
climate change, 

global cooperation 
over economic and 

energy related 
matters 

GP6: Fast 
introduction of new 
stakeholders, energy 
turnaround is high in 

the agenda, single 
voice in economy, 
climate and energy 

maters 

S6: Sustainability is 
mainly accepted due 
evident impacts of 

climate change, high 
investment in human 
development, strong 
social engagement, 

gap between 
institution’s promise 

and delivery is 
reduced 

ENV6: Low 
climate sensitivity 
to emissions, high 

availability and 
high availability 
of resources and 

water 

In Poor Hubbert, the main priorities of the political stage are economy and preservation of local 
entities. This frame affects incongruously the capabilities of institutions resulting in slow 
planning legislation process that consequently influences the pace of technological progress. 
Rigid structures are also encountered in economic domain. The regional oriented approaches of 
the economic development result not only in a reduced volume of trades with the rest of the 
world but in high economic inequality within and especially across the Member States. A slow 
economic development is encountered in the entire European territory. Member States struggle 
to maintain the persistent employment rates. Accompanied by a limited investment volume in 
energy efficient technologies, an intensive material based economy evolves which contributes to 
an increased energy demand and consequently to the growth of the oil prices.  

Equally self-oriented approaches are adopted from the rest of the World, creating an 
environment of competition rather than cooperation in political and economic level. Increasing 
nationalism push the world to focus on domestic or regional issues. Even though uneven 
economic development paths emerge at international level, all of them are characterized by a 
strong reliance on fossil fuel resources.  The competition in the use of these resources drives 
medium efficiency improvements in technologies that cover the base load of energy demand. 
The discovery of new carbon intensive resources justifies the title of this narrative, advocating an 
extension of the Hubbert’s curve (1956) (i.e., approximation of the production rate of resources 
over time). Apart from a few global “promises”, no further international plan and sharing of 
efforts over sustainable development are ratified and once again EU28 acts as a “front” runner 
among no competitors in the race towards sustainable development. Despite the strong 
orientation of the economy towards carbon intensive patterns, climate sensitivity to emissions is 
neither high nor low, postponing both agreements on a common taxational plan that could be in 
favour of climate change strategies and the development of a strong carbon market at European 
and global level.  

In the absence of a common investment plan, a slow and rather regional extension of the 
infrastructure takes place in EU. The medium to small improvements in energy intensity are the 
result of commitments on specific targets. However, each Member State is free of stringent 
constrains to follow a national strategic action plan which (in most of the cases) presents a 
medium progress in renewable energy technologies in the long run, mainly due to slow cost 
reduction. Technologies are chosen in competitive markets, while innovation is encouraged only 
by political and corporate elites. A strong demand of gas is driven mainly by mandates regarding 
carbon intensity, while bioenergy and carbon capture storage technologies present a medium and 
slow progress respectively. Even though at research level the benefits from the combination of 
these two areas are widely accepted, the high investment cost and the public concern in view of 
competition with food production and other sustainability concerns remain huge obstacles. 
Consequently, persistent mobility structures are maintained, due the moderate pace of biofuels’ 
development.  

A minimum acceptance of sustainability and its importance is adopted by EU citizens who are 
not prone to private investments in energy efficiency or demand-response measures. As a result, 
societal engagement is weak, affecting the development of storage technologies in the residential 
sector. Similarly, the rest of the economic sectors contribute to small energy savings. EU’s 
capacity to deliver does not always meet expectations resulting in limited trust of citizens in EU 
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institutions. Moreover, public opposition against nuclear energy triggers a faster than expected 
face-out phase causing an upward stress to the electricity prices. At the same time, a rather small 
migration within the EU28 results in weak cultural and social interactions among the EU races.  

3.3.2.2 HETEROGENEITY 

Heterogeneity is a future image of the EU where a consensus over security is established.  
Table 9. Choice of the states for the narrative “Heterogeneity” 

Technology Economy Global Governance and 
Policies Society Environment 

T1: Slow 
technological 

development towards 
fossil fuels and 

discovery of new 
domestic resources 

E1: Economic 
stagnation and 
extended Euro 
crisis with no 

economic 
cooperation 

G1: No global 
commitment to 
climate change, 

strong competition 
and focus on 

domestic energy 
resources, discovery 

of new fossil 
intensive resources 

GP1: Protectionist 
political stage sets 

economy, self-
reliance and 

preservation of local 
identities as first 

priorities 

S1: Not-in-my-
backyard behaviour, 

climate driven 
scepticism, weak 

success of demand 
response, low 

investment in human 
development, weak 
social engagement 
and limited trust of 

citizens in EU 
institutions 

ENV1: High 
climate sensitivity 
to emissions, low 

availability of 
resources and 

water 

T2: Uneven 
development of 

technological areas 
and uneven use of 

resources 

E2: Slow 
development of 
economy with 

regional 
orientation 

G2: No global 
commitment to 
climate change, 
elites’ economic 

cooperation, 
increased focus on 

shale gas 

GP2: Decentralized 
governance models 

emerge only in 
group of countries, 

energy security is of 
high priority, 

moderate in speed 
legislation planning 
in favour of elites 

S2: Political driven 
scepticism, medium 
success of demand 
response, medium 

investment in human 
development, weak 
social engagement, 
citizens think EU28 

has taken over 
national authorities 

ENV2: High 
climate sensitivity 

to emissions, 
medium 

availability of 
resources and low 

availability of 
water. 

T3: Medium 
technological 

development and 
balance across 

resources 

E3: Slow 
development of 
economy with 

elites’ cooperation 
and vulnerable 

sectors 

G3: Limited 
regional cooperation 
on climate change, 
elites’ economic 

cooperation, balance 
across investments 

in energy 
technologies 

GP3: Status quo 

S3: Decreasing 
political driven 

scepticism, 
increasing demand 
response success 

and medium 
investment in human 

development, 
medium social 
engagement, 

increased trust in 
EU institutions 

ENV3: Medium 
climate sensitivity 
to emissions, low 

availability of 
scarce resources 

and water 

T4: Medium 
technological 

development with 
increased focus on 

bioenergy, CCS and 
renewable 

technologies driven by 
a joint plan 

E4: Medium 
development of 
economy for the 
already strong 
Member States 

and slow 
economic 

development for 
the rest with 

national 
orientation 

G4: Increasing 
regional cooperation 
on climate change, 

increasing economic 
cooperation, balance 
across investments 

in energy 
technologies 

GP4: Slow 
introduction of new 
stakeholders, energy 
turnaround and self-
dependency are high 

priorities, single 
voice in economy, 
climate and energy 
matters, legislation 
planning promotes 

speed 

S4: Cost driven 
scepticism, medium 
investment in human 

development, 
medium social 

engagement, gap 
between citizens and 

EU institutions 
remains an obstacle 

ENV4: Medium 
climate sensitivity 
to emissions and 

medium 
availability of 
resources and 

water.  

T5: Rapid 
technological 

development towards 
fossil fuels  

E5: Fast 
development of 
economy for the 
already strong 
Member States 

and medium 
economic 

development for 
the rest with 
increasing 
economic 

cooperation 

G5: Few agreements 
including carbon 
leakages outside 

EU28, world shows 
faith in market and 

innovation 

GP5: Single voice of 
EU28 and political 

convergence, 
decentralized 

governance models 
and big diversity of 

stakeholders, 
economic 

sustainability is of 
high priority, 

legislation planning 
promotes 

participation 
resulting in slow 

actions 

S5: Sustainability is 
mainly accepted due 
to mandates of EC 
in residential sector 

and strong 
governmental 

subsidies, reduced 
cost driven 

scepticism, high 
investment in human 

development, 
moderate social 
engagement, gap 

between citizens and 
EU institutions starts 

closing 

ENV5: Low 
climate sensitivity 
to emissions, high 

availability of 
resources, 

especially of shale 
gas and low 

availability of 
water 
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T6: Rapid 
technological 

development with 
increased focus on 
electric renewable 

technologies driven by 
a joint plan 

E6: Fast 
development of 
economy in the 
entire EU and 

strong economic 
cooperation 

between member 
states  

G6: Global 
commitment to 
climate change, 

global cooperation 
over economic and 

energy related 
matters 

GP6: Fast 
introduction of new 
stakeholders, energy 
turnaround is high in 

the agenda, single 
voice in economy, 
climate and energy 

maters 

S6: Sustainability is 
mainly accepted due 
to evident impacts 
of climate change, 
high investment in 

human development, 
strong social 

engagement, gap 
between institution’s 

promise and 
delivery is reduced 

ENV6: Low 
climate sensitivity 
to emissions, high 

availability and 
high availability 
of resources and 

water 

In Heterogeneity, matters related to external border control and security of supply are placed 
high in the agenda of EU28. An increased cooperation between public sector, private companies, 
NGOs, and environmentally minded voters is encountered only in a group of countries that adopt 
a rather decentralized governance model resulting in a strongly heterogenous political stage in 
EU. In the wake of Brexit, Member States and private companies that previously depict a strong 
economic and industrial profile adopt common trade strategies to maintain their power. The 
partial economic cooperation results in uneven economic growth patterns and high inequality 
across the Member States. This consequently affects middle and low-income households. The 
high sensitivity of climate change to emissions drives a moderate in speed legislation planning, 
that promotes more challenging targets.  The demand over raw materials is moderated through 
environmental constrains, presenting a balance between industry and service based economy 
structures. 

Equal heterogenous and uneven political and economic patterns are encountered in rest of the 
world. Strong political and business elites thrive and influence remains concentrated in the hands 
of the currently powerful. The moderate scarcity of resources declared by oil producing countries 
stimulates the price increase and leads to a medium global energy use. Consequently, this 
influences the investments in renewable energy technologies which are allocated based on the 
need for security of supply and the economic capabilities of each country. Simultaneous global 
efforts are limited and insufficient. In the absence of international ratified commitments, a 
carbon market that presents a slow progress starts to evolve, based on regional and national 
initiatives.  

In Heterogeneity, the uneven development of different technological areas across EU is 
characterized by a diversified focus on solar and wind based renewable technologies and a slow 
development of bioenergy. Only a group of countries strengthens industrial cooperation in a 
number of cutting edge techs, stepping up investment in digital and transport infrastructure. As a 
consequence, a regional extension of the energy infrastructure and a slow cost reduction follow, 
being additionally affected by a moderate global technological cooperation. Since security of 
supply remains the number one priority of EU28, Member States that are characterized as “late 
starters” (i.e., in terms of sustainable development) present high carbon and material intensity. 
Limited investment lead to slow efficiency improvements. Environmental constrains stimulate 
governmental subsidies in favour of electric vehicles. Consequently, the harmful impact of 
mobility starts to downscale and storage technologies present a medium success. Strong 
legislation and corporate barriers hamper innovation. At the same time, carbon capture 
technologies are set aside due to their initial investment cost.  

A European joint plan for the management of internal borders and a common asylum policy are 
adopted by the Member States. However, uneven and medium investments in human capital lead 
to increasing inequality between countries and vulnerability of the employment rates in EU. 
Moderate cultural and social interaction between EU citizens is encountered. Finally, despite the 
attempts to increase environmental awareness through education and media, a political driven 
scepticism prevails mainly due to the limited number of power-brokers and their advantages over 
middle and low-income class. 
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3.3.2.3 RATIONAL GREEN ROAD 

Rational Green road depicts an EU28 where economic sustainability is pursued by all means. 
Table 10. Choice of the states for the narrative “Rational Green Road” 

Technology Economy Global Governance and 
Policies Society Environment 

T1: Slow 
technological 

development towards 
fossil fuels and 

discovery of new 
domestic resources 

E1: Economic 
stagnation and 
extended Euro 
crisis with no 

economic 
cooperation 

G1: No global 
commitment to 
climate change, 

strong competition 
and focus on 

domestic energy 
resources, discovery 

of new fossil 
intensive resources 

GP1: Protectionist 
political stage sets 

economy, self-
reliance and 

preservation of local 
identities as first 

priorities 

S1: Not-in-my-
backyard behaviour, 

climate driven 
scepticism, weak 

success of demand 
response, low 

investment in human 
development, weak 
social engagement 
and limited trust of 

citizens in EU 
institutions 

ENV1: High 
climate sensitivity 
to emissions, low 

availability of 
resources and 

water 

T2: Uneven 
development of 

technological areas 
and uneven use of 

resources 

E2: Slow 
development of 
economy with 

regional 
orientation 

G2: No global 
commitment to 
climate change, 
elites’ economic 

cooperation, 
increased focus on 

shale gas 

GP2: Decentralized 
governance models 

emerge only in 
group of countries, 

energy security is of 
high priority, 

moderate in speed 
legislation planning 
in favour of elites 

S2: Political driven 
scepticism, medium 
success of demand 
response, medium 

investment in human 
development, weak 
social engagement, 
citizens think EU28 

has taken over 
national authorities 

ENV2: High 
climate sensitivity 

to emissions, 
medium 

availability of 
resources and low 

availability of 
water. 

T3: Medium 
technological 

development and 
balance across 

resources 

E3: Slow 
development of 
economy with 

elites’ cooperation 
and vulnerable 

sectors 

G3: Limited 
regional cooperation 
on climate change, 
elites’ economic 

cooperation, balance 
across investments 

in energy 
technologies 

GP3: Status quo 

S3: Decreasing 
political driven 

scepticism, 
increasing demand 
response success 

and medium 
investment in human 

development, 
medium social 
engagement, 

increased trust in 
EU institutions 

ENV3: Medium 
climate sensitivity 
to emissions, low 

availability of 
scarce resources 

and water 

T4: Medium 
technological 

development with 
increased focus on 

bioenergy, CCS and 
renewable 

technologies driven by 
a joint plan 

E4: Medium 
development of 
economy for the 
already strong 
Member States 

and slow 
economic 

development for 
the rest with 

national 
orientation 

G4: Increasing 
regional cooperation 
on climate change, 

increasing economic 
cooperation, balance 
across investments 

in energy 
technologies 

GP4: Slow 
introduction of new 
stakeholders, energy 
turnaround and self-
dependency are high 

priorities, single 
voice in economy, 
climate and energy 
matters, legislation 
planning promotes 

speed 

S4: Cost driven 
scepticism, medium 
investment in human 

development, 
medium social 

engagement, gap 
between citizens and 

EU institutions 
remains an obstacle 

ENV4: Medium 
climate sensitivity 
to emissions and 

medium 
availability of 
resources and 

water.  

T5: Rapid 
technological 

development towards 
fossil fuels  

E5: Fast 
development of 
economy for the 
already strong 
Member States 

and medium 
economic 

development for 
the rest with 
increasing 
economic 

cooperation 

G5: Few agreements 
including carbon 
leakages outside 

EU28, world shows 
faith in market and 

innovation 

GP5: Single voice of 
EU28 and political 

convergence, 
decentralized 

governance models 
and big diversity of 

stakeholders, 
economic 

sustainability is of 
high priority, 

legislation planning 
promotes 

participation 
resulting in slow 

actions 

S5: Sustainability is 
mainly accepted due 
to mandates of EC 
in residential sector 

and strong 
governmental 

subsidies, reduced 
cost driven 

scepticism, high 
investment in human 

development, 
moderate social 
engagement, gap 

between citizens and 
EU institutions starts 

closing 

ENV5: Low 
climate sensitivity 
to emissions, high 

availability of 
resources, 

especially of shale 
gas and low 

availability of 
water 

T6: Rapid 
technological 

development with 
increased focus on 
electric renewable 

technologies driven by 
a joint plan 

E6: Fast 
development of 
economy in the 
entire EU and 

strong economic 
cooperation 

between member 
states  

G6: Global 
commitment to 
climate change, 

global cooperation 
over economic and 

energy related 
matters 

GP6: Fast 
introduction of new 
stakeholders, energy 
turnaround is high in 

the agenda, single 
voice in economy, 
climate and energy 

maters 

S6: Sustainability is 
mainly accepted due 
to evident impacts 
of climate change, 
high investment in 

human development, 
strong social 

engagement, gap 
between institution’s 

ENV6: Low 
climate sensitivity 
to emissions, high 

availability and 
high availability 
of resources and 

water 
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promise and 
delivery is reduced 

In Rational Green Road, the least cost solution is not accepted as the only path to follow in the 
long run and strong bonds are formed between the Member States. Decentralized governance 
models arise around the European territory that are characterized by a big diversity of 
stakeholders. Heterogenous policies are left aside, while Europe stands in front of the world as a 
strong single voice in matters related to rational energy use, societal inclusion and climate 
change. This frame is facilitated by reforms in legislation that promote participation. Since the 
institutions are increasingly effective and oriented toward fostering competitive markets at 
national and European level, the gap between citizens and EU institutions starts closing. 
Cooperation in economic development is supported by a joint plan that involves common 
taxation policies over energy related emissions. Political and economic convergence result in low 
inequality both within and across Member States. However, even though the reform stimulates 
new economic productivity, it generates ideas for further reform as well. This continuous 
adjusting environment moderates the speed of economic development which is fast only for the 
so called “early starters”. EU28 establishes free-trade strategies and shifts gradually towards a 
more economic sustainable path. This environment along with a high availability of resources 
leaves space to Europe for strong investments on technological and human development.  

A strong global market which is characterized by increasing trading volumes is pursued from 
EU28 and the rest of the world. A successful reduction in material intensity is accomplished 
through a strengthening industrial cooperation, taking into account globally ratified agreements 
over emissions certificates and waste management. Agreements, with commitments and 
allocations draw a carbon market at international level. The availability shale gas overcome the 
most optimistic expectations and gas becomes the backbone of global economy. At the same 
time, the cost of renewable energy technologies is reduced through global investment in R&D 
and exchange of know-how. 

Once the regulatory framework is reformed a fertile environment for venture capitalists, start-
ups, large companies and research centres is created across EU. Joint investment plans in 
research and innovation mobilize finance for fast energy efficiency improvements. Although 
common strategies regarding large infrastructure projects are adopted, the big diversity of the 
stakeholders results once again to a moderate pace of the extension of infrastructure in the 
European territory. Diversified investments in low-carbon energy sources promotes mainly 
electric renewable energy technologies that reach coal levels before the end of the examined 
period. Research collaboration and cost sharing result in steep learning curves and acceptable 
cost reduction levels. While gas remains the front runner of the energy carriers, increasing 
interest in bioenergy and carbon capture technologies is encountered leading to a moderate speed 
in the development of these areas. LPG extracted from natural gas streams, biofuels’ 
improvements, strong subsidies in favour of pure electric vehicles and strong success of storage 
technologies downscale the carbon intensity of mobility sector.  

Rational Green road is a path not only accepted by high levels of hierarchy. Mandates of EC in 
residential sector and strong governmental subsidies moderate the initial cost driven scepticism 
of consumers, leading to the success of demand response measures. Cooperation on border 
management and asylum policies become more systematic. At the same time, economic 
sustainability pursuit stimulates high investment in human development, especially in education 
of the next generations and health services trying to formulate a big and well-trained labour force 
that could cover the new “green” positions. 
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3.3.2.4 HIGHWAY TOLLS 

Highway tolls is a future image of EU28 where ambitious strategies towards a low-carbon 
economy are adopted. 

Table 11. Choice of the states for the narrative “Highway Tolls” 

Technology Economy Global Governance and 
Policies Society Environment 

T1: Slow 
technological 

development towards 
fossil fuels and 

discovery of new 
domestic resources 

E1: Economic 
stagnation and 
extended Euro 
crisis with no 

economic 
cooperation 

G1: No global 
commitment to 
climate change, 

strong competition 
and focus on 

domestic energy 
resources, discovery 

of new fossil 
intensive resources 

GP1: Protectionist 
political stage sets 

economy, self-
reliance and 

preservation of local 
identities as first 

priorities 

S1: Not-in-my-
backyard behaviour, 

climate driven 
scepticism, weak 

success of demand 
response, low 

investment in human 
development, weak 
social engagement 
and limited trust of 

citizens in EU 
institutions 

ENV1: High 
climate sensitivity 
to emissions, low 

availability of 
resources and 

water 

T2: Uneven 
development of 

technological areas 
and uneven use of 

resources 

E2: Slow 
development of 
economy with 

regional 
orientation 

G2: No global 
commitment to 
climate change, 
elites’ economic 

cooperation, 
increased focus on 

shale gas 

GP2: Decentralized 
governance models 

emerge only in 
group of countries, 

energy security is of 
high priority, 

moderate in speed 
legislation planning 
in favour of elites 

S2: Political driven 
scepticism, medium 
success of demand 
response, medium 

investment in human 
development, weak 
social engagement, 
citizens think EU28 

has taken over 
national authorities 

ENV2: High 
climate sensitivity 

to emissions, 
medium 

availability of 
resources and low 

availability of 
water. 

T3: Medium 
technological 

development and 
balance across 

resources 

E3: Slow 
development of 
economy with 

elites’ cooperation 
and vulnerable 

sectors 

G3: Limited 
regional cooperation 
on climate change, 
elites’ economic 

cooperation, balance 
across investments 

in energy 
technologies 

GP3: Status quo 

S3: Decreasing 
political driven 

scepticism, 
increasing demand 
response success 

and medium 
investment in human 

development, 
medium social 
engagement, 

increased trust in 
EU institutions 

ENV3: Medium 
climate sensitivity 
to emissions, low 

availability of 
scarce resources 

and water 

T4: Medium 
technological 

development with 
increased focus on 

bioenergy, CCS and 
renewable 

technologies driven by 
a joint plan 

E4: Medium 
development of 
economy for the 
already strong 
Member States 

and slow 
economic 

development for 
the rest with 

national 
orientation 

G4: Increasing 
regional cooperation 
on climate change, 

increasing economic 
cooperation, balance 
across investments 

in energy 
technologies 

GP4: Slow 
introduction of new 
stakeholders, energy 
turnaround and self-
dependency are high 

priorities, single 
voice in economy, 
climate and energy 
matters, legislation 
planning promotes 

speed 

S4: Cost driven 
scepticism, medium 
investment in human 

development, 
medium social 

engagement, gap 
between citizens and 

EU institutions 
remains an obstacle 

ENV4: Medium 
climate sensitivity 
to emissions and 

medium 
availability of 
resources and 

water.  

T5: Rapid 
technological 

development towards 
fossil fuels  

E5: Fast 
development of 
economy for the 
already strong 
Member States 

and medium 
economic 

development for 
the rest with 
increasing 
economic 

cooperation 

G5: Few agreements 
including carbon 
leakages outside 

EU28, world shows 
faith in market and 

innovation 

GP5: Single voice of 
EU28 and political 

convergence, 
decentralized 

governance models 
and big diversity of 

stakeholders, 
economic 

sustainability is of 
high priority, 

legislation planning 
promotes 

participation 
resulting in slow 

actions 

S5: Sustainability is 
mainly accepted due 
to mandates of EC 
in residential sector 

and strong 
governmental 

subsidies, reduced 
cost driven 

scepticism, high 
investment in human 

development, 
moderate social 
engagement, gap 

between citizens and 
EU institutions starts 

closing 

ENV5: Low 
climate sensitivity 
to emissions, high 

availability of 
resources, 

especially of shale 
gas and low 

availability of 
water 

T6: Rapid 
technological 

development with 
increased focus on 
electric renewable 

technologies driven by 
a joint plan 

E6: Fast 
development of 
economy in the 
entire EU and 

strong economic 
cooperation 

between member 

G6: Global 
commitment to 
climate change, 

global cooperation 
over economic and 

energy related 
matters 

GP6: Fast 
introduction of new 
stakeholders, energy 
turnaround is high in 

the agenda, single 
voice in economy, 
climate and energy 

S6: Sustainability is 
mainly accepted due 
to evident impacts 
of climate change, 
high investment in 

human development, 
strong social 

ENV6: Low 
climate sensitivity 
to emissions, high 

availability and 
high availability 
of resources and 

water 
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states  maters engagement, gap 
between institution’s 

promise and 
delivery is reduced 

Trying to reduce the dependency of the EU energy system on importing volumes of gas and raw 
materials, a complete turnaround is pursued in High Tolls. Despite the slow introduction of new 
stakeholders in the governance model of each Member State, political heterogeneity is reduced 
among countries and the common voice in economic and energy matters gains more and more 
supporters. The legislation planning process tries to promote a fast transition of the energy 
economy due to the evident impacts of climate change. Institutions are reformed and the gap 
between promise and delivery is reduced. The aggressive pace that EU28 wants to maintain leads 
to governmental interventions into the market promoting certain technology winners. Even if 
free-trade strategies are adopted, the binding plan of the eurozone in terms of economic 
development forms austerity lock-ins in certain Member States, increasing the inequality across 
EU28. The ambitious targets that EC has set influence inevitably the economic development of 
the Member States, since there is limited room for manoeuvre. The vast increase in energy 
demand leaves no other choice to EU to invest massively in the energy system. Consequently, 
this situation increases the vulnerability of the other sectors of the EU society.  

In order to produce rapid technological progress, the rest of world promotes the establishment of 
competitive markets and invests in innovation. High use of fossil fuels is selected as the only 
way to avoid weak economic growth and achieve technological development. EU28, being the 
frontrunner in sustainable energy technologies, faces a higher transition cost. However, 
technological cooperation with foreign “elites” results in efficiency improvements. In the 
absence of international agreed commitments, a carbon market grows slowly based on a few 
agreements including carbon leakages outside EU28. 

Highway tolls present a technological EU path directed away from fossil fuels that promotes 
renewable energy technologies. The joint plan of the EU28 focuses on excellence in R&D and 
completion of regional energy hubs. Promotion of innovation is also high in the agenda 
especially in areas such as bioenergy and carbon capture technologies that present a fast 
development rate. Additionally, their potential is publicly accepted. Strong reform and expansion 
of ETS sectors along with coordination in taxation drive electricity and gas prices at high levels, 
justifying the name of this narratives that uses the analogy of highways to describe the high cost 
of a fast transition towards a low carbon energy system. Additionally, coal share is replaced by 
solar PV, wind and nuclear energy. At the same time, the success of storage technologies results 
in big energy savings in domestic and industrial sector. 

An uneven migration pattern is encountered since millions of EU citizens migrate to Member 
States that present stable economic development, resulting in medium cultural and social 
interactions. Finally, the cost to pursue sustainability is publicly accepted due to the evident 
impacts (e.g., limited availability of water and materials) of climate change.  

3.4 Pathways 
3.4.1 What are the drivers of a pathway? 

In energy modelling exercises, the input data of the modelling drivers reveal the main 
assumptions of the working group over the evolution of the energy system. According to the 
focal issue that is presented in the section 3.2, the critical drivers are those that can affect the 
level of success or failure of the technology strategies in support of the transition to a low-carbon 
EU energy system. The identification of the drivers of an energy exercise relies on the scope and 
functionalities of the models that are involved. 
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3.4.2  What is the Impact and Uncertainty score of the drivers? 

Different input values given to the drivers result in different answers to the focal question. At the 
same time, the level of the uncertainty surrounding these drivers differs significantly. According 
to the JRC (2007), a ranking of the drivers based on impact and uncertainty is suggested. This 
task is usually performed using the consultation of a diversified group of experts which the 
modelling group could invite to share their opinion. The impact of a driver reveals its ability to 
influence the results of the modelling exercise. Drivers such as the GDP growth rate are critical 
for a scenario exercise, since their input values affect significantly the outcomes of the scenarios. 
Regarding the level of uncertainty, the drivers can be divided between predictable and 
unpredictable. Predictable are the drivers whose evolution trend is relatively certain both 
regarding the direction and the timeframe. On the other hand, unpredictable elements are drivers 
such as consumer behaviour, whose evolution is unknown, within the space and time dimension 
of the focal issue, due to limited information. 

Among the long list of the drivers, those to be included in the pathways are characterized by 
High impact/Low-uncertainty and High impact/High uncertainty. As J.N. Maack (2001) claims 
the first category of drivers are those that the current planning must be prepared with. The High 
impact / High uncertainty group of drivers has the potential to form the basis of a divergent set of 
scenarios. 

3.4.3 What are the pathways?  
Alternative routes of development towards a low-carbon energy system can be analysed in 
multiple pathways that focus on technology. A pathway is a set of numerical assumptions 
regarding a specific technology (e.g. offshore wind technology) or a group of technologies (e.g., 
thermal energy storage technologies). The numerical assumptions are the input data of the 
modelling drivers used in a specific pathway. Interesting pathways can be developed, in order to 
assess the role and the impacts of different technologies under the strategies that have been 
adopted by the European Commission such as those included in the directive for Energy 
Performance of Buildings 2010/31/EU (2010) (i.e., nearly zero energy buildings requirements), 
the Energy Roadmap 2050 (European Commission, 2011) (i.e., greenhouse gas emissions 
reduction to 80% below 1990 levels by 2050) and the 2030 Climate and Energy Framework 
(European Commission, 2014) (i.e., at least 27% share of renewables of EU energy 
consumption, greenhouse gas emissions reduction to 40% below 1990 levels by 2030, at least 
27% improvement in energy efficiency). 

As mentioned before, the drivers are prioritized in terms of impact and uncertainty.  

Figure 3. Impact/Uncertainty Matrix (Sami Consulting, 2017) 
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• Predictable drivers (i.e., high impact and low uncertainty score) of a pathway: Their 
numerical assumptions can be selected based on targets of policies or strategies that have 
been or are about to be ratified from the policy makers (e.g., greenhouse gas emissions 
reduction to 80% below 1990 levels by 2050). 

• Unpredictable drivers (i.e., high impact and high uncertainty) of a pathway. Their 
numerical assumptions (e.g., techno-economic parameters of a technology) can be selected 
by the modelling groups in order to evaluate the role and the impact that a technology 
might have in the future. 

For the input data of the drivers, specific limits can be defined according to the scope and 
capabilities of the models used in the exercise. For example, predictable drivers can range 
between less ambitious to more ambitious technology targets. Low, medium or high 
development rate can be selected for the input data of the unpredictable drivers. Combinations of 
the numerical assumptions over a group of drivers can result in multiple pathways for the 
different technologies that the working group of the scenario exercise wants to assess. 

3.4.4 How are the pathways clustered? 
The evolution of different technologies towards a low-carbon EU energy system forms a pool of 
interesting pathways to be chosen. Each of the pathways, focusing on a specific technology or a 
set of technologies, answers the focal question from a different perspective. The Strategic Energy 
Technology (SET) Plan (European Commission, 2015) and the Energy Union strategy (European 
Commission, 2015) are selected as main pillars of this thesis. In this section, four clusters of 
pathways are presented that correspond to the four integrated challenges of the SET-Plan.  

For each of the pathways’ clusters, examples of different technologies are provided. These are 
examples of technologies that can be used for the realization of the SET-Plan challenges as the 
JRC (2014) reported. Examples of predictable and unpredictable drivers of each pathway cluster 
are also provided. 

3.4.4.1 PATHWAY CLUSTER 1: ACTIVE CONSUMER AT THE CENTER OF 
THE ENERGY SYSTEM 

• Examples of technologies with a strong focus on consumers: energy storage 
technologies at residential level, smart metering; BIPV technologies; load shifting, load 
shedding and load levelling; 

• Examples of predictable drivers (High impact/Low uncertainty): specific targets for 
storage and renewable technologies in residential sector; dedicated investments in 
campaigns for consumers awareness; incentives for PVs and storage technologies; targets 
of penetration of smart meters; entrepreneurship encouragement within local communities 

• Examples of unpredictable drivers (High impact/High uncertainty): technology 
specifications (e.g., conversion efficiencies, safety, specific investment costs, operating and 
maintenance costs, life time and their availability); consumption patterns; technology 
acceptance by consumers (e.g., data from surveys regarding demand flexibility and energy 
efficiency costs);  

3.4.4.2 PATHWAY CLUSTER 2: DEMAND FOCUS - INCREASING ENERGY 
EFFICIENCY ACROSS THE ENERGY SYSTEM  

• Examples of technologies in buildings, heating and cooling sectors and in industry and 
services: smart meters; load shifting and load shedding; HVAC systems; data metering; 
heat pumps; combined heat and power (CHP) technologies; heating and cooling systems 
and sorption cooling systems; waste treatment technologies 
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• Examples of predictable drivers (High impact/Low uncertainty): specific targets of 
energy efficiency in buildings, heating and cooling and industry and services; targets of 
penetration of smart meters; incentives for energy efficiency measures; technologies’ 
performance standards  

• Examples of unpredictable drivers (High impact/High uncertainty): technology 
specifications (e.g., conversion efficiencies, safety, specific investment costs, operating and 
maintenance costs, life time and their availability); technology acceptance by consumers 
(e.g., data from surveys regarding demand flexibility and energy efficiency costs); level of 
industrial symbiosis 

3.4.4.3 PATHWAY CLUSTER 3: SYSTEMS OPTIMIZATION  

• Examples of system optimization technologies: electric power transmission and 
distribution technologies; integration of renewables with centralized power generation; 
storage technologies (including electric vehicles); cross sector technologies (e.g. converting 
power to gas, chemical feedstock and heat, hydrogen-based solutions, power to methane 
and power to methanol technologies); demand response technologies; renewable, 
conventional thermal, geothermal and hydro technologies; synergies between the various 
technologies and infrastructures; electro-mobility solutions for private and public 
transportation vehicles; bioenergy; bio-based fuels 

• Examples of predictable drivers (High impact/Low uncertainty): specific targets for 
storage and renewable technologies; legal framework for successful market introduction of 
storage solutions; regulations, codes, standards and financial support schemes of 
technologies, required to foster widespread commercialization of these technologies; 
targets for market scaling up of technologies 

• Examples of unpredictable drivers (High impact/High uncertainty): technology 
specifications (e.g., conversion efficiencies, safety, specific investment costs, operating and 
maintenance costs, life time and their availability); public acceptance of grid infrastructure 
costs; consumer acceptance of new mobility patterns 

3.4.4.4 PATHWAY CLUSTER 4: SECURE, COST-EFFECTIVE, CLEAN AND 
COMPETITIVE SUPPLY  

• Examples of technologies focusing on renewable electricity and renewable 
heating/cooling, carbon capture, CO2 utilization and storage, nuclear systems and the 
European transport fuel mix: onshore and offshore wind technologies; nuclear and CCS 
technologies; electric vehicles fuelled by hydrogen or fuel cells and biofuels; hybrid 
vehicles; concentrating solar power technologies; solar heating and cooling technologies; 
ocean energy technologies; geothermal energy technologies; hydropower technologies; 
combined heat and power from biomass; technologies using unconventional fossil fuels; 
technologies using sustainable advanced biofuels; technologies using advanced alternative 
fuels (e.g., CO2-based and CO2-neutral liquid and gaseous fuels such as methanol or 
ethanol)  

• Examples of predictable drivers (High impact/Low uncertainty): carbon prices and 
Market Stability Reserve; specific targets on nuclear and CCS technologies; directives for 
emissions by vehicles; directives on renewable energy technologies; incentives for further 
grid connections between EU 

• Examples of unpredictable drivers (High impact/High uncertainty): technology 
specifications (e.g., conversion efficiencies, safety, specific investment costs, operating and 
maintenance costs, life time and their availability); acceptance of new market 
designs/products environmental and safety issues by all stakeholders 
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3.5 Impact Indicators 
3.5.1 What are the impact indicators and how to choose them? 

Scenarios usually serve as tools to assess or develop policies. The diversified images of the EU 
energy system, as described in decarbonisation scenarios, reveal important information for the 
decision makers. In modelling projects for decarbonisation scenarios, the results of the models 
can provide a set of the key messages on the social, economic, environmental and technological 
impacts of the scenarios. A comparison between the existing policy framework and the result of 
the modelling exercise can stimulate fairly prioritized strategy options. For this reason, the 
modelling group can consult a diversified group of stakeholders for the selection of the 
indicators that will communicate the key messages of the scenarios. 

As the JRC (2007) claims, this is the stage at which the working group “closes the loop”, linking 
back to the focal issue of the first step.  In the presented thesis, specific focus has been placed on 
the four challenges included in the Integrated Roadmap of the Strategic Energy Technology 
(SET) Plan (European Commission, 2015) and the five dimensions of the Energy Union 
(European Commission, 2015). The Impact Indicators list presented in this section could serve as 
a set of metrics needed to measure how the decarbonisation scenarios can contribute to 
the realization of the objectives that are delimited by these European Commission’s initiatives. 

The process for the development of the Impact Indicators list starts with the collection of 
indicators found in public or private sources in the area of energy system analysis. Having in 
mind the focal question and its sub-questions, themes from which various indicators can be used 
for the assessment of the decarbonisation scenarios are sustainability, affordability, efficiency, 
energy security. To this end, the list of the sources used for the selection of the final indicators is 
presented below. 

• EU Energy Roadmap 2050 (European Commission, 2011); 

• EU Reference Scenario (European Commission, 2016); 

• Energy Indicators for Sustainable Development (International Atomic Energy Agency, 
2005); 

• Eurostat (2015); 

• Statistische Bundesamt (Destatis) (2016) (German Federal Statistical Office); 

• United Nations Sustainable Development Knowledge Platform (United Nations Statistical 
Commission, 2015); 

• McKinsey Energiewende-Index (McKinsey, 2012) (Energy Transition Index); 

• INSIGHT-ETI (2014); 

• German Federal Ministry of Economics and Technology (2014); 

• Fraunhofer ISI (Schlomann, 2015); 

The different categorization schemes encountered in these sources results in a long list of 
indicators with many duplicates. In order to erase these duplicates, it is critical to categorize 
them based on the scope of the presented study. The focal question places the impact of 
technology on society, environment and economy in the centre of the analysis. Therefore, 
society, environment, economy and technology are defined as categories of the Impact Indicator 
list. An additional category, named institutions, is added to accommodate the indicators related 
to availability, capacity, and effectiveness of the institutional framework that is essential to 
facilitate a transition to a low-carbon energy system. 
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In addition to the uncertainties that arise from the driving forces such as demographic, economic, 
and technological, a multi-model approach offers the possibility to fully capture the uncertainties 
that arise from different characteristics of the models (IPCC, 2000). Synergies between models 
can further unlock the certainty space of the scenarios and provide valuable insights into the 
possible impacts of each development path. In multi-model exercises, the selection of the 
indicators depends on the diversity and the capabilities of the models. Therefore, a line can be 
drawn to divide the long list of indicators between primary and secondary indicators.  

• Primary indicators are those that can be directly computed by a modelling group.  
• Secondary indicators are either those that a modelling group can compute starting from 

the primary indicators or those that do not fall within the capabilities of the models 
meaning that future work in needed for their computation.  

The categories of the Impact Indicator list are described below. Extended tables with their 
references and their categorization between primary and secondary, based on the capabilities of 
the models involved in the REEEM project, can be found in annex C. 

Category 1: Social impact indicators 
This category includes indicators that provide information regarding the household saving rates, 
the income distribution and the household energy use for each income group and corresponding 
fuel mix. Information as such is essential in order to monitor the quality of citizens’ life. Since 
the development of a fair and effective society forms a core challenge for the EU, indicators such 
as employment rate are also included in this category.  

Category 2: Environmental impact indicators 
Protection, restoration and sustainable use of the ecosystem is highly prioritized in the European 
agenda. The indicators of this category place specific focus on the environmental pollution level 
in the EU. Indicators of waste generation related to energy services, and use of land and water 
offer a useful insight into the pollution intensity of EU society. Important information regarding 
the environmental cost of the European lifestyle can be derived from indicators such as primary, 
secondary and final energy consumption, share of low carbon technologies in the technology 
portfolio, % of CO2 emissions captured and price level of the emission trading scheme. The last 
serve as indicator of the relative scarcity of emission allowances and therefore of the stringency 
of the climate strategies. 

Category 3: Economic impact indicators 
Sustainable economic development is a core element of the European Union's Sustainable 
Development Strategy (Eurostat, 2015). The set of indicators that fold under this title are usually 
some of the most influential components for the translation of a scenario into a strategy. 
Expenditures of primary energy resources in combination with import costs, wholesale and retail 
electricity prices are indicators that point out the economic effect of decarbonisation strategies. 
Moreover, the taxation revenues and the growth of each sector of the economy reveal 
information regarding the economic evolution towards the fulfilment of the EU decarbonisation 
objectives. Aggregated economic indicators, such as the levelized cost of electricity, are mainly 
used for the assessment of the economic impacts at EU level, while more disaggregated 
indicators such as the dispersion of regional GDP per inhabitant can be used for the 
communication of messages at Member States level. 

Category 4: Technology impact indicators 
Strategies in support of transition to a low-carbon EU energy system have impacts on 
technology. These impacts are communicated by the indicators of this category. Technological 
impact indicators provide messages related to the future demand of certain technologies. Not 
only the diversity of the future technology mix but also the share of each of the available 
technologies are examined along with their maturity level. Moreover, messages regarding 
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potential trade-offs between efficiency and cost can be offered through combination of indicators 
such as the fuel input volumes and their monetary value or the installed capacity of power plants 
by technology and energy carrier and their investment and operational costs. Since sustainable 
transport is a key challenge of the EU Sustainable Development Strategy (Eurostat, 2015), the 
fulfilment of the EU objectives is measured by specific indicators related to mobility intensity 
and its patterns, such as the intensity of transported goods and the intensity of passenger 
transport (German Federal Ministry of Economics and Technology , 2014). 

Category 5: Institutional impact indicators 
Institutional indicators assess the availability, capacity, and effectiveness of the institutional 
framework that is essential to facilitate a transition to a low-carbon energy system. As the 
International Atomic Energy Agency (2005) claims, the effectiveness of a sustainable energy 
development strategy could provide useful information regarding the institutional framework 
needed to accommodate the evolution of the energy system.  

3.5.2 How to communicate the results of the scenarios? 

In case, an assessment of the modelling results over the realization of the EC’s objectives takes 
place, the messages derived by the indicators should be treated appropriately. The results of an 
energy modelling exercise provided by the indicators cannot be conceived in the same way by 
the entire group of stakeholders involved in the European energy system. This situation does not 
mean any failure of the modelling teams. In fact, it is justifiable by the big diversity of the 
stakeholders and their equally diversified background and interests. Policy makers, investors and 
consumers could present divergent and contrasting interests. An indicator of the investment in 
R&D for wind energy technology provides a message regarding the development of onshore and 
offshore wind parks that could be interpreted differently these categories of the stakeholders. For 
example, a policy maker could seek for the appropriate regulatory framework of this investment, 
an investor could be interested in the time period needed to recover the investment and finally a 
consumer could be interested in the increase of the electricity bill that might follow this 
investment. 

Why should one combine several sectors and models? How can the insights be better? Who 
wants which insights? 

The system-wide implications presented by a multi-sectoral modelling exercise could reveal 
potential trade-offs regarding the transition towards a low-carbon energy system. The results of 
different scenarios in areas such as economy, environment, society or technology are not always 
equally high or low. In that way, multiple conflicting criteria should be combined to form an 
assessment tool that covers entirely the multi-sectoral framework. This assessment could include 
the insights provided by the scenarios in areas such as technology, macroeconomics, 
environment, health impacts, consumer behaviour, market innovation and ecosystem capacity 
and services. Taking all these into account, a suggestion for the assessment of the 
decarbonisation scenarios could be a multi-criteria decision analysis. A multi-criteria analysis 
usually implies that weighted values are applied at the indicators (Triantaphyllou, 2000). These 
weighted values could be derived from the performance of the scenarios with regard to the 
objectives of a strategic plan of the European Commission. For the purpose of the presented 
study, a suggestion could be to use the four integrated challenges of the SET-Plan (European 
Commission, 2015) and the five dimensions of Energy Union strategy (European Commission, 
2015). The preferences of the audience should also be included.  

In the simplest case, a prioritization of the scenarios’ performance according to the SET-Plan and 
the Energy Union strategy could provide the weighted values of the first step. For example, the 
scenarios can be prioritised based on the European transport fuel mix from the cleanest to the 
most emission intensive pattern, or based on the system cost. This task can be performed by the 
modelling group based on the modelling results. Then, the preferences of the stakeholders can be 
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included based on a prioritization of the indicators according to their interests. This task can take 
place during workshops of the modelling project. The outcome of this process would be a 
double-criteria sorting of the scenarios.  In that way, insights into technology winners and losers 
towards the transition to a low-carbon EU energy system for different groups of stakeholders 
(e.g., policy makers, NGOs, utility sector, consumer sector, investors etc) can be collected.  

3.6 Example: Design of a scenario 
An example of a decarbonisation scenario based on the presented scenario design process is 
provided in this section. For this example, the TIMES PanEU model (Loulou, et al., 2005) and 
the OSeMOSYS model (dESA - KTH, 2011) are employed.  

TIMES is a bottom-up model that combines technological and economic details. Using specific 
constrains, the model seeks for a least-cost energy mix matching the supply with the demand. In 
general, the main inputs and outputs of the TIMES Pan EU model are listed below.  

Inputs: 

• Technology specifications (e.g., conversion efficiencies, specific investment costs, 
operating and maintenance costs, life time and their availability etc) 

• Technology break-throughs 
• Demands for useful energy (electricity, heat) per year 
• Population Trends 
• GDP trends 
• Emissions Prices 
• GHG emissions targets 
• Demand/Supply curves/elasticity 
• Availability of primary resources 
• Consumers technological preferences 

Outputs: 

• Fuel Prices 
• Emissions Prices 
• Demand for primary, secondary, final energy 
• Energy Technology mix 

OSeMOSYS is also a bottom-up optimization model that seeks for the least cost energy system 
given the demands for energy. In general, the inputs and outputs of the OSeMOSYS model are 
listed below.  

Inputs: 

• Demands for useful energy (electricity, heat) per year 
• Technology specifications (e.g., conversion efficiencies, specific investment costs, 

operating and maintenance costs, life time and their availability etc) 
• Technology break-throughs 
• Availability of primary resources 
• GHG emissions targets 
• Fuel prices (TIMES PanEU) 
• Price of emissions (TIMES PanEU) 

Outputs: 

• Total emissions of different pollutants per sector 
• Generation of each technology by year by time slice 
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• Demand for primary, secondary, final energy 
Note that two of the inputs of the OSeMOSYS model (i.e., fuel prices, price of emissions) are 
provided from the outputs of the TIMES PanEU model, while the rest of the inputs for both of 
them are the same. 

Step 1: Focal issue 
The focal issue of the scenario design process is presented below.   

“What are the role and the impacts (i.e., societal, economic, environmental) of technology in 
transition towards a low-carbon energy system within EU28 by 2050”. 

Step 2: Morphological Approach - Narratives 
The narratives describe different future contexts of EU28 within which the role and the impacts 
of technology towards a decarbonized energy system can be assessed. Each of the narratives has 
a certain orientation, meaning that not all of them offer an equally fertile environment for the 
realization of the decarbonisation goals of the EU28. According to the morphological approach 
that has been used in this scenario design process, the narratives should differentiate themselves 
in six dimensions that can affect the realization of the renewable energy target. 

• Technology: Technological development rate along with diversity of technologies and 
energy carriers 

• Economy Dimension: Economic development rate along with economic cooperation level 
• Global Dimension: Global cooperation level and climate agreements along with diversity 

of energy resources 
• Governance and Policies Dimension: Political cooperation level and diversity of 

stakeholders 
• Society Dimension: Acceptance level of sustainability and its cost along with 

environmental awareness, social engagement and gap between citizens and EU 
institutions 

• Environment Dimension: Climate sensitivity to emissions change along with availability 
of water and scarce resources 

Step 3: Impact and Uncertainty of drivers - Pathways 
The drivers are the modelling input parameter of TIMES PanEU and OSeMOSYS models. For 
the input data of the drivers, specific limits can be defined according to the scope and capabilities 
of the models. As mentioned before, predictable drivers (High impact/Low uncertainty) can 
range between less ambitious to more ambitious targets. For example, the greenhouse gas targets 
that serve as input of the models can be selected to range between 40-50% reductions from 1990 
levels. Low, medium or high development rate can be selected for the input data of the 
unpredictable drivers (High impact/High uncertainty). For example, the efficiency improvements 
that serve as inputs of the models can be selected to range between 27-30%.  

As example, the renewable energy target of the 2030 Climate change and Energy Framework is 
selected for the development of a scenario based on the scenario design process presented in this 
study. According to the 2030 Climate and Energy Framework adopted by the European 
Commission (2014), the specific targets that have been selected are listed below. 

• renewable energy target of at least 27% of final energy consumption; 
• at least 40% reductions in greenhouse gas emissions (from 1990 levels); 
• at least 27% improvement in energy efficiency by 2030 

Combinations of the numerical assumptions over the drivers can result in multiple pathways that 
the working group of the scenario exercise wants to assess. According to the policy constraint of 
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the particular example, the pathways can be included in the “Secure, Cost-effective, Clean and 
Competitive Supply” pathway cluster. 

• Example of pathways’ drivers for the assessment of renewable energy technologies (e.g., 
PV, onshore/offshore wind, concentrated solar, geothermal, bioenergy, pumped hydro, 
ocean) 

o Predictable (High impact/Low uncertainty): less ambitious-more ambitious GHG 
targets, policy constraint (i.e., minimum 27% share of renewable energy of final 
energy consumption) 

o Unpredictable (High impact/High uncertainty): less-more significant technology 
breakthrough, technology specification for each of the technologies in the energy 
mix (e.g., low-medium-high conversion efficiencies increase projection, low-
medium-high specific investment costs projections, low-medium-high operating 
and maintenance costs projections, low-medium-high life time improvements low-
medium-high projections of technologies’ availability), low-medium-high demand 
for useful energy, low-medium-high availability of primary resources, consumers 
in favour of renewable energy, low-medium-high demand/supply elasticity 

o Emissions prices, Populations and GDP trends can be quoted from statistical 
sources. 

Step 4: Consistent combination of narratives and pathways to formulate the scenarios 
A scenario is a formulated by the consistent combination of a narrative and a pathway. Since the 
role and the impacts of technology in transitions to a low-carbon EU energy system by 2050 
have been placed in the centre of the analysis, the main linking element between narratives and 
pathways is the technology dimension of the morphological approach. The technology 
dimension can guide the linking process at the first step. From the narratives developed in this 
thesis work, two of them namely “Rational Green Road” and “Highway tolls”, are in favour of a 
high penetration of renewable energy technologies in the EU technology mix. 

• Rational Green Road: Rapid technological development with increased focus on electric 
renewable technologies driven by a joint plan; 

• Highway tolls: Medium technological development with increased focus on bioenergy, 
CCS and renewable technologies driven by a joint plan; 

However, these two narratives represent different levels of EU economic development (i.e., GDP 
trends), global cooperation in terms of commitments on climate change strategies (i.e., 
impacting the projections of technology costs) and resource availability. Therefore, the 
modelling assumptions over the predictable and unpredictable drivers should be consistent with 
the narrative under which the pathway is going to be analysed. For example, a high availability 
of shale gas would be consistent with the “Rational Green Road” and a low availability of scarce 
resources would be consistent with the “Highway tolls”. Historical examples, studies in 
microeconomic and consultation of experts can be employed by the modelling group to check 
the consistency between the narratives and the pathways. Once the scenario is prepared, the 
modelling results should again be checked in terms of consistency with the narrative in order to 
adjust, if necessary, the modelling inputs. This process should be iterated until the final 
consistent combination of a narrative and a pathway is decided.  

Step 5: Indicators 
The indicators are the output values of the TIMES PanEU and OSeMOSYS model. Information 
regarding the fuel prices, emissions prices, demand for primary, secondary, final energy and the 
energy technology mix can be provided. These are the primary indicators of the TIMES PanEU 
model (i.e., primary indicators are directly computed by the model). As mentioned before, two 
of the inputs of the OSeMOSYS model (i.e., fuel prices, price of emissions) are provided from 
the outputs of the TIMES PanEU model, while the rest of the inputs for both of them are the 
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same. Therefore, for the specific example, the outputs of the OSeMOSYS model, can be defined 
as secondary indicators (i.e., secondary indicators are either those that a modelling group can 
compute starting from the primary indicators or those that do not fall within the capabilities of 
the models meaning that future work in needed for their computation). 
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4 DISCUSSION AND CONCLUSIONS 
A discussion of the challenges that can be encountered in the design of a process for the 
formulation of decarbonisation scenarios for multi-sectoral modelling frameworks and the 
conclusions that the author has drawn during the Master of Science thesis are presented in this 
chapter. 

 

 

4.1 Discussion 
Since the introduction of scenarios in military analysis, by Herman Kahn in the 1950s (Schwartz, 
1991), scenarios have found applications in many areas including energy modelling exercises. 
Therefore, a continuously spreading range of methodologies exists. The differences between 
each methodological process is normally affected by the scope and purpose of the analysis. The 
scope of each study, even from the early stages, poses a set of challenges that the working group 
has to deal with, during the process of the scenario building.  In this section, challenges that can 
be encountered during the design of a process for the formulation of decarbonisation scenarios 
for multi-sectoral modelling frameworks, are elaborated.  

4.1.1 Top-down/Bottom-up 
Two modelling approaches have been widely used in energy scenarios exercises, namely top-
down and bottom-up. When using a top-down approach, the modelling assumptions of a scenario 
are provided by a disaggregation of a broad future image of the energy system that is 
characterized by macroeconomic consistency. The modelling assumptions of a bottom-up 
approach, being disaggregated representations of the technological gains and losses, are 
combined in order to form a future image of the energy system within which they can be 
consistent (Working Group III - IPCC, 2014). 

For the formulation of decarbonisation scenarios for multi-sectoral modelling frameworks, the 
scenario design process, needs to facilitate and harmonize the inclusion of different modelling 
tools that might focus on the engineering or the macroeconomic perspective of the energy 
system. Therefore, rather than adopting a pure top-down or bottom up approach for the 
development of the scenarios, this thesis tries to combine elements of these two approaches. 
From a top-down perspective, the qualitative overarching storylines of the narratives present 
consistent images of the EU future which were composed based on historical examples and 
previously published studies in macroeconomy. From a bottom-up perspective, the pathways 
represent the modelling assumptions over the technological details of the EU energy system. The 
consistent combination of the narratives and the pathways results in plausible scenarios which 
aim to analyse the role and the impacts of technology in transition towards a low-carbon EU 
energy system. 

4.1.2 Point of departure and inclusion of stakeholders 
Typically, during the execution period of modelling projects a continuous interaction of the 
working group with a diversified group of stakeholders takes place. Hence, the topic and the aim 
of the exercise should be translated in a form that enables and challenges the inclusion of policy 
makers among the different stakeholders. The focal issue, being the first step of the scenario 
design process, is presented in section 3.2 in the form of a focal question that tries to delimit the 
space of uncertainty over the decarbonisation of the energy system in EU28.  
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Normally, once the focal issue/question is defined, the first step of a scenario development 
process is completed. However, for this study a decomposition of the focal question was 
attempted. Taking advantage of the structure of the SET-Plan and the Energy Union Package, the 
focal question can be disaggregated in a sub-set of focal questions that focus on the four key 
Integrated Energy System Challenges of the SET-Plan and the five dimensions of the Energy 
Union. This sub-set of focal questions can be employed by the working group in order to identify 
the appropriate group of stakeholders that could be invited to share their opinion in the next steps 
of the scenario design process, as listed below.  

• Narratives: Identification of the most interesting states of the morphological approach 
and suggestions about the plausible combinations of them (e.g., through workshop) 

• Pathways: Suggestions for additional pathways or pathways’ clusters apart from those 
selected by the sub-set of focal questions. 

• Indicators: Identification and prioritization of the key indicators that could communicate 
the messages of the scenarios. The output values of the indicators and their prioritization 
can provide insights into technology “winners” and “losers” towards the decarbonisation 
of the EU energy system for different groups of stakeholders (e.g., policy makers, NGOs, 
utility sector, consumer sector, investors).  

4.1.3 Avoiding Subjectivity 
As mentioned in the terminology, scenarios should not be treated as a series of elements with 
assigned probabilities of occurrence (IPCC, 2000). Moreover, during the scenario definition 
process, the scenario working group should by all means avoid any subjectivity that could affect 
the scenarios’ results. Most of the approaches in scenario exercises encourage the development 
of an even number of narratives to avoid the use and treatment of a middle narrative as a central 
or wishful case. At the same time, extreme positive or negative storylines should be avoided. In 
that way and in order to avoid any discards due to subjectivity concerns, the four storylines 
presented in section 3.3.2 illustrate four consistent broad stories without any tendency towards 
extreme future images of EU28.  

The approach adopted by this thesis for the development of the broad narratives leaves limited 
space for extreme storylines. Using the morphological approach resulted in a model-agnostic 
base from where the broad storylines were built up. Six dimensions (i.e., Social, Economic, 
Environmental, Political, Technological and Global) were used for the formation of the broad 
narratives. For each of the dimensions, a positive and a negative state have been selected with 
four states that fall in between. Avoiding the formulation of narratives that combine only 
negative or positive states resulted in narratives that do not represent any extreme “bad” or 
extreme “good” image of the EU future. 

4.1.4 Preparatory step of the pathways development process 
From the point of view of a project manager, the collection of a number of potential states for the 
morphological approach has an additional value. Once the selection of all the relevant to the 
exercise states is completed (i.e., morphological approach step), the modelling teams have 
sufficient information to start considering multiple suggestions on the possible pathways to come 
up.  This can be seen as a preparatory step of the pathways development process, that could take 
place even before the final formulation of the narratives. Based on the capabilities of each model, 
the feedback of the modelling groups that are involved in a scenario project can be taken into 
account for the adjustment of the states to be used in the narratives. At this step, the inclusion of 
a diversified group of stakeholders can also be provide valuable inputs for the formulation of the 
narratives.  
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4.1.5 Consumer behavior 
Public acceptance and awareness over the importance of sustainability are important factors that 
can affect the decarbonisation of the energy system. To this end, previous studies have 
incorporated these factors indirectly as assumptions over the input data of technology cost or 
taxation revenues in bottom-up models (World Energy Council, 2013).  

In this study, at the level of broad narratives (i.e., top-down perspective), public acceptance of 
sustainability and awareness over climate change have been categorized based on their reason 
and their level of success. The states of Society dimension of the morphological approach 
present different behaviours of consumers that are classified between cost-driven, policy-driven 
and climate-driven scepticism. A cost driven scepticism would rely on the cost of each 
technology, while policy-driven scepticism has its origins on political preferences and lock-ins in 
EU28. In the third group, public acceptance is characterized by the noticeable effects of climate 
change in society and environment. This categorization leaves space for an extended survey of a 
diversified group of stakeholders. The results of this survey can be then employed to calibrate 
the modelling assumptions (i.e., bottom-up perspective) of drivers such as the demand for 
specific energy services/technologies.    

4.2 Conclusions 
4.2.1 Learning from experience 

Learning from experience is an approach that was adopted throughout the entire course of this 
study. That means that an evaluation of each step of this thesis based on the approaches and 
findings of previous exercises was attempted. 

The extensive study on how scenarios are designed in literature (from the most known scenarios 
to the less known but equally valuable academic exercises) resulted in the literature review that 
was presented in chapter 2. Despite the different approaches encountered in scenario exercises 
(e.g., exploring a wide uncertainty space or evaluating the feasibility of specific strategies), it is 
clear that no plug and play process can be defined as unanimous solution to every project due to 
the uniqueness of each study. However, a few profound elements and steps in the scenario design 
process can be identified. A definition of their attributes and values resulted in the synthesis of a 
terminology (chapter 2). Inputs and outputs of one element or step could act as levers or results 
of a following one. The novelty of each scenario design process is mainly characterized by the 
way these elements are connected together.  

The SEEPT analysis of the relevant environment is recommended in order to identify the key 
driving forces that could affect the way a scenario plays out in the future. As already explained 
in the literature review, a common practice for the formulation of scenarios is to combine 
qualitative overarching storylines and numerical modelling inputs (Riahi, et al., 2012). The 
qualitative narratives presented in this thesis offer a framework with macroeconomic consistency 
within which quantitative pathways (i.e., numerical modelling inputs of the specific 
technologies) can be assessed. In that way, the macroeconomic and the engineering perspectives 
of the energy system are linked, using an approach which combines elements of the top-down 
and bottom-up approaches. This hybrid approach was selected as the most appropriate for the 
design of a process for the formulation of decarbonisation scenarios for multi-sectoral modelling 
frameworks. 

Identifying the proper metrics for the measurement of progress towards the decarbonisation of 
the EU energy system is critical in the scenario development process. Many private and public 
statistical organizations can be used for the collection of the indicators that can communicate 
interesting messages from the modelling outputs. The different categorization schemes 
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encountered in these sources resulted in a long list of indicators with many duplicates. In order to 
erase these duplicates, it was critical was to categorize them based on the scope of the presented 
study. Then, the capabilities and the synergies between the models, used in the REEEM 
modelling project, were taken into account, in order to distinguish them between primary and 
secondary indicators.   

Finally, since model-based energy scenarios are intended to serve as supporting tools for 
decision makers, the results of a research might make no sense in case the audience (e.g., policy 
makers, NGOs, consumer sector, supply sector) of the exercise is not involved in the process. 
Not only the translation of the scenarios’ outcome in the user’s language is needed, but also the 
inclusion of them throughout the whole process. Therefore, suggestions regarding the steps of 
the scenario development process at which the working group can ask for consultation of a 
diversified group of stakeholders were provided. 

4.2.2 Contribution of the thesis work 

This master of science thesis study was collocated in the framework of the REEEM modelling 
project. The study contributed to the REEEM project through the following work: 

• Literature review 
• Synthesis of terminology  
• Collections of states for the dimensions of the morphological approach used in REEEM 

for the formulation of the narratives (including suggestions on how to capture a wide 
uncertainty space fulfilling the requirements of objectivity and consistency) 

• Impact Indicators List 
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5 RECOMMENDATIONS AND FUTURE WORK 
In this chapter, recommendations and future work are presented. 
 

  

5.1 Recommendations 
Establishing a procedure for the design of decarbonisation scenarios (either simple or 
complicated) is always a task of the leading group of an energy modelling exercise. The different 
steps of this procedure should be explicitly defined and explained to the rest of the working force 
of the exercise along with the responsibilities of each member. For the presented scenario design 
process, a recommended allocation of the responsibilities would be as shown in the table below. 
Note that in every step of the process the working group that is involved is recommended to ask 
for feedback from a diversified group of stakeholders (i.e., policy makers, investors, consumers 
etc.) in order to ensure the final outcome is interesting and meaningful for the audience of the 
exercise.  

Table 12. Example for the allocation of the responsibilities in the presented scenario design process 

Definition of the focal issue Leading group of the modelling exercise 

Morphological approach – Narratives 
Leading group of the modelling exercise 
(feedback of the modelling group is 
recommended) 

Impact/Uncertainty drivers - Pathways Each modelling group of the exercise 
according to the capabilities of the models  

Consistent combination of narratives-pathways Each modelling group in consultation with 
the leading group of the modelling exercise 

Communication of the scenario results (i.e., 
indicators) 

Each modelling group in consultation with 
the leading group of the modelling exercise 

The main limitation of this thesis work is that it comprises a theoretical work which is a fact that 
could not be avoided in the case of a multi-model framework that involves a number of different 
models which focus on sectors such as technology, macroeconomics, environment, health 
impacts, consumer behaviour, market innovation and ecosystem capacity and services. That 
means that it may need to be re-formulated in some parts (e.g., allocation of responsibilities, link 
and feedback between the working groups) when applied in a real modelling exercise. 

 

5.2 Future work 
Policy makers should not treat scenarios as accurate predictions of the future. For example, 
extreme and unexpected events (i.e., wild cards) can come up at any point of time. Examples of 
these events are listed below. 

• Big EU crisis equal to the one started 2008 

• Extreme governance model outside EU and their impacts on EU strategies 

• Unexpected ratification or cancelation of international agreements on environment  
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• Pandemic disease 

• Adverse implications of Brexit 

History has shown that the recovery process of European society is as such that can moderate the 
anomalies in different time intervals. However, the inclusion of an unexpected event as 
modelling assumption (e.g., dramatic change of fuel prices in the middle of the examined period) 
could potentially provide valuable insights for the performance of the scenarios under extreme 
conditions.  

The scenario design process presented in this thesis focuses mainly in long term planning. A full 
application of the process in an energy modelling exercise is recommended as future work. 
Alternative approaches might be more suitable for the analysis of near term developments. 
Finally, the author of this thesis encourages the use of the Cross-Impact Balance (CIB) analysis 
(Weimer-Jehle, et al., 2016) for the update of scenarios in terms of consistency. 
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ANNEX A: FOCAL ISSUE - INTERMEDIATE ATTEMPTS 
The development process of the focal question revealed alternatives. However, these attempts 
were rejected since they could not meet all the criteria that were found in the literature (Rasmus, 
2014). The intermediate attempts for the formulation of the focal question are presented below, 
along with an argumentation over their merits and drawbacks. 
 
 
 

Table 13. Focal Issue - Intermediate Attempts 

A1. How will the European energy system look like in 2050? 

• Creates space for different scenarios and points of view. 

• Explicit focus on the energy system. 

• Even if it defines the space and time dimensions it is a rather general question, which 
leaves space for broader discussions where the technology is only one of the possible 
reasons of the evolution of the energy system. 

A2. What are the technology related measures towards a low-carbon EU28 energy 
system in 2050? 

• “Measures” indicates actions or decisions to be made 

• Explicit focus on “low-carbon”, “competitive” and “society” as core elements of the 
assessment regarding the environment, economy and society. 

• However, this may limit the discussion and narrow the scenarios to a point where the 
working group creates a manual, instead of possible pathways. Moreover, the final 
outcome is described as a tangible state, instead of a continuous transition process. 

A3. How will the energy system transition unfold in the EU28 until 2050? 

• Presumes the energy transition is a continuous process. 

• Gives space to explore different scenarios and options for the transition towards a 
low-carbon economy, where carbon intensity is still not bounded. Furthermore, the 
role of technology is not defined as the core driver that will affect this transition. 
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ANNEX B: NARRATIVES 
This section includes tables of Dimensions and States that were prepared after decomposing the 
narratives of the Special Report Emissions Scenarios (2000), the Shell’s New Lens Scenarios 
(2013), the World Energy Scenarios of the World Energy Council (2013), the Shared 
Socioeconomic Pathways (SSPs) (2015), the Context scenarios (2016) and the EC’s White Paper 
on the Future of Europe (2017). This decomposition tries to show the way these scenarios 
differentiate from each other according to the dimensions of the morphological approach used in 
this study. 
 

 

Technology 

Table 14. States of the “technology” dimension from scenarios found in literature 

Sources/ Granularity Pessimistic case Rather pessimistic 
case Middle case Rather positive 

case Positive Case 

IPCC scenarios 

A2 scenario family: 
technological 

change is more 
fragmented and 

slower than in other 
storylines. 

B2 scenario family: 
less rapid and more 

diverse 
technological 

change than in the 
B1 and A1 
storylines. 

- 

A1 scenario family: 
rapid introduction of 

new and more 
efficient 

technologies. The 
A1 scenario family 
develops into three 
groups that describe 

alternative 
directions of 
technological 

change in the energy 
system. The three 

A1 groups are 
distinguished by 

their technological 
emphasis: fossil 

intensive, non-fossil 
energy sources, or a 
balance across all 

sources 

B1 scenario 
family: 

convergent world 
with reductions in 
material intensity, 

Context Scenarios 

Infrastructure 
extension: slow - - - fast 

Growth of 
renewable energies: 

slow 
- medium - fast 

Domestic energy 
savings: small - - - strong 

Industrial energy 
savings: small - - - strong 

Mobility: persistent 
structures - downscaling - downscaling and 

e-cars 

Shell_New Lens 
Scenarios - 

Oceans: Liquid fuels 
and coal continue to 
play a leading role 
in the energy mix 

until solar overtakes 
in the latter part of 

the century. Natural 
gas grows but 

undershoots high 
expectations due to 
inadequate policy 
frameworks and 

resource 
disappointments. 
Greenhouse gas 

emissions peak and 
remain high for a 
prolonged period 

until reduced by the 

- 

Mountains: Positive 
resource 

expectations are 
realized and, with 
supportive policy 

frameworks in 
place, natural gas 

becomes a backbone 
of the global energy 
system. Increasing 

CO2 and 
environmental 

stresses are 
moderated by slower 
overall growth; the 
substitution of coal 
for natural gas, and 

the success of 
carbon capture and 

- 
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combination of 
biomass, CCS, and 

solar. 

storage 
technologies. 

SSPs 

SSP3: 
Technological 

Development: Slow 

SSP2: Medium, 
uneven SSP5: Rapid 

SSP4: Rapid in 
high-tech economies 
and sectors; slow in 

others 

SSP1: Rapid 

Energy tech change: 
Slow tech change, 

directed toward 
domestic energy 

sources 

Directed toward 
fossil fuels; 

alternative sources 
not actively pursued 

Some investment in 
renewables but 

continued reliance 
on fossil fuels 

Diversified 
investments 

including efficiency 
and low-carbon 

sources 

Directed away 
from fossil fuels, 
toward efficiency 
and renewables 

Carbon intensity: 
High in regions with 
large domestic fossil 

fuel resources 

Medium High Low/medium Low 

Energy intensity: 
High 

Uneven, higher in 
low income 

countries 
High Low/medium Low 

World Energy 
Scenarios_Wold 
Energy Council 

- 

Jazz: Technologies 
are chosen in 

competitive markets. 
Energy sources 

compete on basis of 
price and 

availability. 
Renewable and low-
carbon energy grows 
in line with market 

selection. 

- 

Symphony: 
Governments pick 

technology winners. 
Selected energy 

sources are 
subsidized and 
incentivized by 
governments. 

Certain types of 
renewable and low-

carbon energy 
actively promoted 
by governments. 

- 

White Paper No Common 
Investment Plan 

Group of countries 
where strengthened 

industrial 
cooperation in a 

number of cutting 
edge techs. 

Step up investment 
in digital, transport 

and energy 
infrastructure. 

Focus on excellence 
in R&D, EU 
projects on 

decarbonisation and 
digitization, 

completion of 
regional energy 

hubs. 

Joint investment 
in innovation and 

research. 
Mobilized finance 

for large 
infrastructure 

projects. 

 
 

Economy 

Table 15. States of the “economy” dimension from scenarios found in literature 

Sources/ 
Granularity Pessimistic case Rather pessimistic 

case Middle case Rather positive 
case Positive Case 

IPCC scenarios 

A2 scenario family: 
Economic 

development is 
primarily regionally 

oriented and per 
capita economic 

growth and 
technological 

change are more 
fragmented and 

slower than in other 
storylines. 

B2 scenario family: 
local solutions to 
economic, social, 

and environmental 
sustainability. 

Intermediate levels 
of economic 

development, and 
less rapid and more 

diverse 
technological 

change than in the 

- 

A1 scenario family: 
The A1 storyline 

and scenario family 
describes a future 

world of very rapid 
economic growth 

B1 scenario 
family: as in the 
A1 storyline, but 

with rapid 
changes in 
economic 

structures toward 
a service and 
information 

economy, with 
reductions in 

material intensity, 
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B1 and A1 
storylines. 

and the 
introduction of 

clean and 
resource-efficient 
technologies. The 

emphasis is on 
global solutions to 
economic, social, 

and environmental 
sustainability, 

including 
improved equity, 

but without 
additional climate 

initiatives. 

Context Scenarios 

Global 
Development: 

divergence 
confrontation - - convergence and 

prosperity 

Oil price: rapid 
growth 

medium growth 
rapid growth stability - - 

Economic growth: 
weak  medium - strong 

Shell’s_New Lens 
Scenarios - - 

Mountains: Rigid 
power structures and 
institutions hamper 

economic 
development. 

Oceans: Reform 
unleashes new 

economic 
productivity and 

increases aspirations 
for further reform. 

- 

SSPs 

SSP3: Slow, 
Inequality: High, 
especially across 

countries, 
Consumption: 

Material-intensive 
consumption 

SSP4: Low in LICs, 
medium in other 

countries, 
Inequality: High, 
especially within 

countries, 
Consumption: 

Elites: high 
consumption 

lifestyles; Rest: low 
consumption, 

SSP2: Medium, 
uneven, Inequality: 
Uneven moderate 
reductions across 

and within countries, 
Consumption: 

Material-intensive 
consumption, 

SSP1: High in LICs, 
MICs; medium in 
HICs, Inequality: 

Reduced across and 
within countries, 

Consumption: Low 
growth in material 

consumption 

SSP5: High, 
Inequality: 

Strongly reduced, 
especially across 

countries, 
Consumption: 
Materialism, 

status 
consumption, 

tourism, mobility 

World Energy 
Scenarios_Wold 
Energy Council 

- - 

Higher GDP growth 
due to faster 

convergence across 
countries, higher 

international 
competition, and low 

environmental 
constraints. Free-

trade strategies lead 
to increased exports 

Lower GDP growth 
due to less 

convergence, more 
environmental 

constraints and a 
more capital-

intensive growth 
pathway. 

Nationalistic 
strategies result in 

reduced 
exports/imports 

- 

White Paper 

Focus on jobs, 
growth, investments 
and single market, 

also for energy. 
Trade agreements 

with partners outside 
EU actively 

pursued. Single 
currency. 

Free movement of 
capital and goods 
guaranteed, still 

single currency, but 
vulnerable to 

financial crises. 

Trade agreements 
with partners still 
managed at EU 
level; effort to 

strengthen the single 
market; in addition, 
group of countries 

where more certainty 
for business. 

Focus on trade and 
single market. Steps 
to consolidate euro 
area and monetary 

union. 

One strong voice 
in international 

trade agreements. 
Much 

coordination also 
in fiscal and 

taxation matters. 

 
 

Global 

Table 16. States of the “global” dimension from scenarios found in literature 

Sources/ 
Granularity Pessimistic case Rather pessimistic 

case Middle case Rather positive 
case Positive Case 

IPCC scenarios 

A2 scenario family: 
Fertility patterns 
across regions 
converge very 

slowly, which results 
in continuously 

increasing global 

B2 scenario family: 
While the scenario 

is also oriented 
toward 

environmental 
protection and 
social equity, it 

- - 

B1 scenario 
family: The 

emphasis is on 
global solutions to 
economic, social, 
and environmental 

sustainability, 
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population. 
Economic 

development is 
primarily regionally 

oriented 

focuses on local and 
regional levels. 

including 
improved equity, 

but without 
additional climate 

initiatives. 

Context Scenarios 

Global development: 
divergence - confrontation - 

convergence and 
prosperity  

Political priority: 
security economy - - energy turnaround  

Energy savings: 
small - - - strong 

SSPs 

Increasing 
nationalism push 

countries to focus on 
domestic or regional 

issues (SSP3). 

High unequal 
investments in 

human capital and 
increasing 

disparities in 
economic 

opportunities and 
political power, lead 

to increasing 
inequality between 
countries (SSP4). 

One group of 
countries invests in 

low-carbon 
technologies, the 

other doesn’t. 

Social, economic 
and technological 

trends follow 
historical patterns 

(SSP2) 

The world places 
increasing faith in 

competitive markets, 
innovation and 
participatory 

societies to produce 
rapid technological 

progress and 
development of 

human capital as the 
path to sustainable 

development 
(SSP5). 

The world shifts 
gradually towards 
a more sustainable 
path, emphasizing 

more inclusive 
development 

(SSP1). Lower 
material use and 

lower energy 
intensity to 

achieve 
mitigation, but 
this allows for 
intermediate 

economic growth. 

World Energy 
Scenarios_Wold 
Energy Council 

- 

Jazz: World where 
there is a consumer 
focus on achieving 

energy access, 
affordability, and 
quality of supply 

with the use of best 
available energy 
sources. Higher 

GDP growth due to 
faster convergence 
across countries, 

higher international 
competition, and 

low environmental 
constraints. In the 

absence of 
international agreed 

commitments 
carbon market 

grows more slowly 
from bottom up 

based on regional, 
national and local 

initiatives. 

- 

Symphony: World 
where there is a 

voter consensus on 
driving 

environmental 
sustainability and 
energy security 

through 
corresponding 
practices and 

policies. Lower 
GDP growth due to 
less convergence, 

more environmental 
constraints and a 

more capital-
intensive growth 
pathway. Carbon 

market is top down 
based on an 
international 

agreement, with 
commitments and 

allocations. 

- 

 
 

Governance and Policies 

Table 17. States of the “governance and policies” dimension from scenarios found in literature 

Sources/ 
Granularity Pessimistic case Rather pessimistic 

case Middle case Rather positive case Positive Case 

IPCC scenarios 

A2 scenario family: 
A very 

heterogeneous 
world. The 

underlying theme is 
self-reliance and 

preservation of local 
identities. 

B2 scenario family: 
Emphasis is on local 

solutions to 
economic, social, 
and environmental 

sustainability. While 
the scenario is also 

oriented toward 
environmental 

protection and social 
equity, it focuses on 
local and regional 

levels. 

- - 

A1 scenario 
family: Major 

underlying themes 
are convergence 
among regions, 

capacity building, 
and increased 

cultural and social 
interactions, with 

a substantial 
reduction in 

regional 
differences in per 
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capita income. 

Context Scenarios 

Political priority: 
security  Economy - - energy turnaround  

Planning legislation: 
incoherent  - - promoting speed  promoting 

participation 

Shell’s New Lens 
Scenarios - - 

Oceans: New or 
competing 

economic and 
political interests 

are accommodated 
intermittently. 

Reform unleashes 
new economic 

productivity and 
increases 

aspirations for 
further reform. 

Empowered 
constituencies with 
new vested interests 

hinder secondary 
policy progress 
until resource 

stresses become 
acute 

Mountains: 
Advantage creates 

advantage – 
influence remains 
concentrated in the 

hands of the 
currently powerful. 
With fewer power-
brokers, positive 

advances in 
secondary policy 

areas are 
feasible//Cooperation 
is limited and takes 
place only for high 

level strategies, with 
narrow stakeholder 

involvement, 
agreements are not 

time consuming and 
are ratified once the 
economic objections 

are met 

- 

SSPs 

SSP3: International 
Cooperation: Weak, 

uneven, Oriented 
toward security, 

Inst: Weak global 
institutions/natl. 
govts. Dominate 
societal decision-

making 

 SSP2: Relatively 
weak, Weak focus 
on sustainability, 

Inst: Uneven, 
modest effectiveness 

SSP4: Effective for 
globally connected 
economy, not for 

vulnerable 
populations, 

Toward the benefit 
of the political and 

business elite, 
Institutions: 
Effective for 
political and 

business elite, not 
for rest of society 

SSP5: Effective for 
globally connected, 
Effective in pursuit 

of development 
goals, more limited 
for environmental 

goals, free markets, 
human capital, 

Institutions: 
Increasingly 

effective, oriented 
toward fostering 

competitive markets 

SSP1: Effective, 
Toward 

sustainable 
development, 
Institutions: 
Effective at 
national and 
international 

levels 

World Energy 
Scenarios_Wold 
Energy Council 

- - 

Jazz: consumer 
focus on achieving 

energy access, 
affordability, and 
quality of supply 

with the use of best 
available energy 
sources. Main 

players are multi-
national companies, 

banks, venture 
capitalists, and 
price-conscious 

consumers. 
Technologies are 

chosen in 
competitive 

markets 

Symphony: voter 
consensus on driving 

environmental 
sustainability and 
energy security 

through 
corresponding 
practices and 
policies. Main 

players are 
governments, public 

sector and private 
companies, NGOs, 

and environmentally 
minded voters. 

Governments pick 
technology winners 

- 

White Paper 

EU27 keeps on a 
rocky path, 

sometimes hostage 
of decision by 

individual countries; 
decision making at 

times slow; one 
voice in 

international 
agreements; shapes 

global climate 

EU27 focuses on a 
single market, while 
it does not step up 

other policy 
domains. Increased 

differences in 
consumer, social 

and environmental 
standards. Free 
movement of 
workers not 

EU27 goes on as is, 
but among some 
Member States 

‘Coalitions of the 
willing’ are formed. 

EU27 focuses its 
resources on limited 
number of areas (e.g. 
innovation, security, 
migration, defence).  

Much stronger 
cooperation 

between Member 
States in all fields. 
Strong focus and 

ambition in 
completing single 
market of energy 
and digital. EU27 
leads global fight 
against climate 
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agenda; cooperation 
in control of 

migration 

guaranteed. Not 
anymore one voice 

in international 
agreements, climate 

change included. 

change as one 
voice. 

 
 

Society 

Table 18. States of the “society” dimension from scenarios found in literature 

Sources/ 
Granularity Pessimistic case Rather pessimistic 

case Middle case Rather positive 
case Positive Case 

IPCC scenarios 

A2: Fertility patterns 
across regions 
converge very 
slowly, which 

results in 
continuously 

increasing global 
population. 

B2: It is a world 
with continuously 
increasing global 

population at a rate 
lower than A2 

- 

A1: Global 
population that 
peaks in mid-

century and declines 
thereafter. 

B1: Same as in A1 
with increased 

global cooperation 

Context Scenarios 

Population: slowly 
decreasing - - - strongly 

decreasing 
Acceptance energy 

turnaround: 
scepticism with 

alternatives-->cost 
or political driven 

- - - approval 

SSPs 

Demographics: 
SSP3 high growth 

with low 
urbanization which 
is poorly managed 

SSP4 high with 
medium migration 

and high 
urbanization 

relatively well 
managed 

SSP2 medium 

SSP5 Relatively low 
with high migration 

and urbanization 
well managed 

SSP1 low with 
medium migration 

and high 
urbanization well 

managed 

Human development 
(Education, Health 

investments, Access 
to health facilities, 

Equity, Social 
cohesion, Societal 
participation): Low 

- Medium - High 

White Paper 

No single migration 
or asylum policy; 

further coordination 
on security dealt 
with bilaterally; 
internal border 

controls are more 
systematic.  

Cooperation in the 
management of 
external borders 

stepped up 
gradually; progress 
towards a common 

asylum system; 
improved 

coordination on 
security matters 

As in 2nd state, 
except for a group of 

countries who 
deepen cooperation 

on security and 
justice matters 

- 

Cooperation on 
border 

management, 
asylum policies 

and counter-
terrorism matters 

are systematic 

Capacity to deliver 
does not always 

meet expectations 
(limited trust of 
citizens in EU 
institutions) 

Some may think 
EU27 has taken over 
national authorities. 

Gap between 
citizens and EU 
institutions starts 

closing. 

- 

Gap between 
promise and 

delivery much 
reduced 

 
 

Environment 

Table 19. States of the “environment” dimension from scenarios found in literature 

Sources/ 
Granularity Pessimistic case Rather pessimistic 

case Middle case Rather positive 
case Positive Case 
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World Energy 
Scenarios_Wold 
Energy Council 

- 

Jazz: In the absence 
of international 

agreed commitments 
carbon market 

grows more slowly 
from bottom up 

based on regional, 
national and local 

initiatives. 

- 

Symphony: Carbon 
market is top down 

based on an 
international 

agreement, with 
commitments and 

allocations. 

- 

Context Scenarios Climate change: 
strong    moderate  

DTU (REEEM 
partners 

suggestions) 

High sensitivity of 
climate change to 

emissions, low 
availability of water 
and scarce resources 

Rather high 
sensitivity of climate 
change to emissions, 
low availability of 
water and scarce 

resources 

Medium sensitivity 
of climate change to 

emissions, high 
availability of water 
and scarce resources 

Rather low 
sensitivity of 

climate change to 
emissions, high 

availability of water 
and scarce resources 

Low sensitivity of 
climate change to 
emissions, high 
availability of 

water and scarce 
resources 

 
  



 68 

 
  



 69 

ANNEX C: IMPACT INDICATORS LIST 
The indicators are grouped within five impact areas, namely environment, economy, society, 
technology, and institutions. For each of these areas detailed tables follow. Each of the tables 
includes a collection of indicators from literature as found in the original sources (European 
Commission, 2011; Mantzos, et al., 2004; International Atomic Energy Agency, 2005; Eurostat, 
2015; Statistische Bundesamt (Destatis), 2016; United Nations Statistical Commission, 2015; 
McKinsey, 2012; INSIGHT_E, 2014; German Federal Ministry of Economics and Technology , 
2014; Schlomann, 2015). Their categorization between primary and secondary is based on 
feedback, provided by the working groups of the REEEM modelling project, regarding the 
capabilities of their models.  
 

 
Table 20. Environmental Impact Indicators 

Environmental Impact Indicators 
Indicator Source REEEM model 

CO2 emissions reductions by country 
compared to 1990 

EU (EUROSTAT), 
INSIGHT-E, GFMET, 

EU (REF), 
EU(ROADMAP) 

(secondary) 
TIMES/OSeMOSYS 

Share of renewable energy sources in 
final energy consumption (by 

technology) 

Statisches Bundesamt, 
UN (SDG), EU 
(EUROSTAT), 

INSIGHT-E, EU 
(REF), 

EU(ROADMAP) 

(secondary) 
TIMES/OSeMOSYS 

Share of renewable energy sources in 
electricity consumption 

GFMET, EU 
(EUROSTAT), 

Statisches Bundesamt 
use it as environmental 

indicator. However, 
US(EISD) uses it as 
economic indicator 

(secondary) 
TIMES/OSeMOSYS 

Share of renewable energy in fuel 
consumption of transport 

EU (EUROSTAT), 
EU(ROADMAP) 

(secondary) 
TIMES/OSeMOSYS 

Emissions of nitrogen oxides 
(NOx) from transport EU (EUROSTAT) (secondary) TIMES PanEU 

Emissions of particulate matter from 
transport EU (EUROSTAT) (secondary) TIMES PanEU 

Average CO2 emissions per km from 
new passenger cars EU (EUROSTAT) (secondary) TIMES 

Soil area where acidification exceeds 
critical load UN (EISD) (secondary) LCA 

Greenhouse gas emissions intensity 
of energy consumption 

EU (EUROSTAT), 
GFMET, EU (REF), 

EU(ROADMAP) 
(secondary) LCA 

Forest area as a proportion of total 
land area UN (SDG) (secondary) LEcA (similar 

indicator) 
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Proportion of important sites for 
terrestrial and freshwater biodiversity 
that are covered by protected areas, 

by ecosystem type 

UN (SDG) (secondary) LEcA (similar 
indicator) 

Species diversity and landscape 
quality Statisches Bundesamt (secondary) LEcA (similar 

indicator) 
Electricity consumption of 

households 
EU (EUROSTAT), UN 

(SDG) (secondary) TIMES PanEU 

Emissions by emittant and sector in 
Mt 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Emissions from heat & electricity 
production 

Within the capabilities 
of REEEM models (primary) Energy PLAN 

Spatially allocated GHG emissions 
(kt CO2 equivalent) by electricity and 

heat production processes 

Within the capabilities 
of REEEM models (primary) EMC2 

Spatially allocated emissions of: CO, 
PM2.5, PM10, SO2/Sox, NO2/NOx, 

NVMOC by heat and electricity 
production processes 

Within the capabilities 
of REEEM models (primary) EMC2 

Spatially allocated health impacts by 
heat and electricity production in 

DALYs 

Within the capabilities 
of REEEM models (primary) ECOSENSE 

Spatially allocated health damage 
costs by heat and electricity 

production in € 

Within the capabilities 
of REEEM models (primary) ECOSENSE 

Biodiversity losses (potentially 
disappeared fractions of species) due 

to air pollution 

Within the capabilities 
of REEEM models (primary) ECOSENSE 

External cost (avoidance cost) for 
biodiversity losses due to air 

pollution 

Within the capabilities 
of REEEM models (primary) ECOSENSE 

Loss in yield Within the capabilities 
of REEEM models (primary) ECOSENSE 

Water availability Within the capabilities 
of REEEM models (primary) CORDEX 

Industrial wood Within the capabilities 
of REEEM models (primary) LEcA Tool 

Habitat Within the capabilities 
of REEEM models (primary) LEcA Tool 

Bioenergy Within the capabilities 
of REEEM models (primary) LEcA Tool 

Recreation Within the capabilities 
of REEEM models (primary) LEcA Tool 

Carbon stock Within the capabilities 
of REEEM models (primary) LEcA Tool 

Climate change Within the capabilities 
of REEEM models (primary) LCA 

Freshwater eutrophication Within the capabilities 
of REEEM models (primary) LCA 

Marine eutrophication Within the capabilities 
of REEEM models (primary) LCA 
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Freshwater ecotoxicity Within the capabilities 
of REEEM models (primary) LCA 

Land use Within the capabilities 
of REEEM models (primary) LCA 

Ozone depletion Within the capabilities 
of REEEM models (primary) LCA 

Particulate matter formation Within the capabilities 
of REEEM models (primary) LCA 

Impact of ionizing radiation on 
human health 

Within the capabilities 
of REEEM models (primary) LCA 

Photochemical ozone formation Within the capabilities 
of REEEM models (primary) LCA 

Impact of acidification on terrestrial 
and freshwater ecosystems 

Within the capabilities 
of REEEM models (primary) LCA 

Terrestrial eutrophication Within the capabilities 
of REEEM models (primary) LCA 

Terrestrial ecotoxicity Within the capabilities 
of REEEM models (primary) LCA 

Marine ecotoxicity Within the capabilities 
of REEEM models (primary) LCA 

Agricultural land occupation Within the capabilities 
of REEEM models (primary) LCA 

Urban land occupation Within the capabilities 
of REEEM models (primary) LCA 

Natural land transformation Within the capabilities 
of REEEM models (primary) LCA 

Water depletion Within the capabilities 
of REEEM models (primary) LCA 

Metal resource depletion Within the capabilities 
of REEEM models (primary) LCA 

Fossil resource depletion Within the capabilities 
of REEEM models (primary) LCA 

Single substance emissions and 
resource consumption over entire life 

cycle and, for some substances, a 
differentiation between emission 
compartments (to air, water, soil) 

Within the capabilities 
of REEEM models (primary) LCA 

GHG emissions from energy 
production and use per capita and per 
unit of GDP (Atmosphere, Climate 

change) 

UN (EISD) (secondary) Suggestion for 
future work 

CO2 emission per unit of value added 
(t of CO2/M Euro) 

UN (SDG), GFMET, 
EU(ROADMAP) 

(secondary) Suggestion for 
future work 

Ratio of solid waste generation to 
units of energy produced UN (EISD) (secondary) Suggestion for 

future work 

Development of Emissions Trading GFMET (secondary) Suggestion for 
future work 

Price for CO2-Certificates (Real 
Terms, Base Year) EUR / t GFMET (secondary) Suggestion for 

future work 

Fluorinated gases emissions INSIGHT-E (secondary) Suggestion for 
future work 
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CO2 emissions from final energy 
demand sectors in different economic 
growth cases (in Million tonne CO2) 

EU(ROADMAP) (secondary) Suggestion for 
future work 

GHG-Emissions / Population t / 
capita 

UN (EISD), EU 
(EUROSTAT), 

GFMET 

(secondary) Suggestion for 
future work 

Proportion of agricultural area under 
productive and sustainable agriculture UN (SDG) (secondary) Suggestion for 

future work 
Proportion of bodies of water with 

good ambient water quality 
EU (EUROSTAT), UN 

(SDG) 
(secondary) Suggestion for 

future work 
Domestic material consumption, 

domestic material consumption per 
capita, and domestic material 

consumption per GDP 

EU (EUROSTAT), UN 
(SDG) 

(secondary) Suggestion for 
future work 

Hazardous waste generated per capita 
and proportion of hazardous waste 

treated, by type of treatment 
UN (SDG) (secondary) Suggestion for 

future work 

Generation of hazardous waste, by 
economic activity EU (EUROSTAT) (secondary) Suggestion for 

future work 
Municipal waste generation and 
treatment, by type of treatment 

method 
EU (EUROSTAT) (secondary) Suggestion for 

future work 

Global food loss index UN (SDG) (secondary) Suggestion for 
future work 

Livestock density index EU (EUROSTAT) (secondary) Suggestion for 
future work 

Fossil-fuel subsidies per unit of GDP 
(production and consumption) and as 

a proportion of total national 
expenditure on fossil fuels 

UN (SDG) (secondary) Suggestion for 
future work 

Renewable subsidies INSIGHT-E (secondary) Suggestion for 
future work 

Investment on environmental 
protection (waste management, 

ventilation, noise, nature protection, 
soil protection, water protection) 

Fraunhofer ISI (uses it 
as an environmental 

indicator even though 
it also gives 

information regarding 
the expenditure) 

(secondary) Suggestion for 
future work 

EU28 Gross Inland Consumption 
(Mtoe, fuel shares (%)) 

EU (REF), EU 
(EUROSTAT) 

(secondary) Suggestion for 
future work 

Ambient concentrations of air 
pollutants in urban areas 
(Atmosphere, Air quality 

UN (EISD), EU 
(EUROSTAT) 

(secondary) Suggestion for 
future work 

Contaminant discharges in liquid 
effluents from energy systems 

including oil discharges (Water, 
Water quality) 

UN (EISD) (secondary) Suggestion for 
future work 

Rate of deforestation attributed to 
energy use UN (EISD) (secondary) Suggestion for 

future work 
Ratio of solid radioactive waste 

awaiting disposal to total generated 
solid radioactive waste (Land, Solid 

UN (EISD), EU 
(EUROSTAT) 

(secondary) Suggestion for 
future work 
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waste 
generation and management 

Global and European 
surface temperature deviation EU (EUROSTAT) (secondary) Suggestion for 

future work 
Gross nutrient balance on agricultural 

land 
EU (EUROSTAT), UN 

(SDG) 
(secondary) Suggestion for 

future work 
Number of plant and animal genetic 
resources for food and agriculture 
secured in either medium or long-

term conservation facilities 

UN (SDG) (secondary) Suggestion for 
future work 

Red List Index UN (SDG) (secondary) Suggestion for 
future work 

Amount of water- and sanitation-
related official development 

assistance that is part of a 
government-coordinated spending 

plan 

UN (SDG) (secondary) Suggestion for 
future work 

Proportion of fish stocks within 
biologically sustainable levels UN (SDG) (secondary) Suggestion for 

future work 
Material footprint, material footprint 
per capita, and material footprint per 

GDP 

UN (SDG), 
EU(ROADMAP) 

(secondary) Suggestion for 
future work 

Annual mean levels of fine particulate 
matter (e.g. PM2.5 and PM10) in 

cities (population weighted) 
UN (SDG) (secondary) Suggestion for 

future work 

National recycling rate, tons of 
material recycled UN (SDG) (secondary) Suggestion for 

future work 
Number of countries that have 

integrated mitigation, adaptation, 
impact reduction and early warning 
into primary, secondary and tertiary 

curricula 

UN (SDG) (secondary) Suggestion for 
future work 

Official development assistance and 
public expenditure on conservation 
and sustainable use of biodiversity 

and ecosystems 

UN (SDG) (uses it as 
an environmental 

indicator even though 
it also gives 

information regarding 
the expenditure) 

(secondary) Suggestion for 
future work 

 
Table 21. Economic Impact Indicators 

Economic Impact Indicators 
Indicator Source REEEM Model 

Final energy consumption by sector 
in PJ 

Within the capabilities of 
REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Net electricity consumption by 
sector in TWh 

Within the capabilities of 
REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Prices of energy carriers Within the capabilities of 
REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE

/Energy PLAN 
System costs Within the capabilities of (primary) 
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REEEM models TIMES/OSeMOSYS/MESSAGE 
Expenditures of primary energy 

resources 
Within the capabilities of 

REEEM models (primary) MESSAGE 

System and production costs Within the capabilities of 
REEEM models (primary) Energy PLAN 

CO2 prices Within the capabilities of 
REEEM models (primary) Energy PLAN 

GDP by country by steps of 5 years Within the capabilities of 
REEEM models (primary) NEWAGE 

Competitiveness - RCA Within the capabilities of 
REEEM models (primary) NEWAGE 

Competitiveness - RWS Within the capabilities of 
REEEM models (primary) NEWAGE 

LCOE Within the capabilities of 
REEEM models 

(secondary) 
TIMES/OSeMOSYS 

ETS emissions and carbon prices 
over time 

Within the capabilities of 
REEEM models 

(secondary) 
TIMES/OSeMOSYS 

Relative World Trade Shares 
(RWTS) 

Beestermöller and Fahl, 
2013; Klepper and 

Peterson, 2008; 

(secondary) Suggestion for 
future work 

Relative Comparative Advantage 
(RCA) 

Beestermöller and Fahl, 
2013; Klepper and 

Peterson, 2008; 

(secondary) Suggestion for 
future work 

Energy use per capita UN (EISD), 
EU(ROADMAP) 

(secondary) Suggestion for 
future work 

Energy intensity measured in terms 
of primary energy and GDP 

(Mtoe/GDP) 

UN (SDG), EU 
(EUROSTAT), 

INSIGHT-E 

(secondary) Suggestion for 
future work 

Capital costs in EUR/kWh EU(ROADMAP) (secondary) Suggestion for 
future work 

Accident fatalities per energy 
produced by fuel chain UN (EISD) (secondary) Suggestion for 

future work 
End-use energy prices by fuel and 

by sector 
UN (EISD), GFMET, 

EU(ROADMAP) 
(secondary) Suggestion for 

future work 

Prices for Fossil Fuels GFMET, 
EU(ROADMAP) 

(secondary) Suggestion for 
future work 

Stocks of critical fuels per 
corresponding fuel consumption UN (EISD) (secondary) Suggestion for 

future work 

Security Reserves Margin McKinsey (secondary) Suggestion for 
future work 

Annual growth rate of real GDP 
per capita UN (SDG) (secondary) Suggestion for 

future work 

GDP per capita INSIGHT-E (secondary) Suggestion for 
future work 

GDP in Real Terms (BY2005) / 
PEC     EUR / GJ GFMET (secondary) Suggestion for 

future work 
GDP in Real Terms (BY2005) / 

FEC    EUR / GJ GFMET (secondary) Suggestion for 
future work 

Net energy import dependency 
(Security, Imports) 

UN (EISD), Statisches 
Bundesamt, EU 
(EUROSTAT), 

(secondary) Suggestion for 
future work 
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INSIGHT-E, 
EU(ROADMAP) 

Total expenditure (public and 
private) per capita spent on the 

preservation, protection and 
conservation of natural heritage, 
level of government (national, 

regional and local/municipal), type 
of expenditure (operating 

expenditure/investment) and type 
of private funding (donations in 

kind, private non-profit sector and 
sponsorship) 

UN (SDG) (secondary) Suggestion for 
future work 

The agriculture orientation index 
for government expenditures UN (SDG) (secondary) Suggestion for 

future work 
Total official flows to the 

agriculture sector UN (SDG) (secondary) Suggestion for 
future work 

Total government revenue as a 
proportion of GDP, by sector of 

activity 

UN (SDG), Statisches 
Bundesamt 

(secondary) Suggestion for 
future work 

Annual growth rate of real GDP 
per employed person UN (SDG) (secondary) Suggestion for 

future work 
Primary government expenditures 

as a proportion of original 
approved budget, by sector (or by 

budget codes or similar) 

UN (SDG) (secondary) Suggestion for 
future work 

Reserves-to production ratio (Use 
and production patterns, Production UN (EISD) (secondary) Suggestion for 

future work 
Dispersion of regional GDP per 

inhabitant EU (EUROSTAT) (secondary) Suggestion for 
future work 

Bureaucracy costs: (Bureaucracy 
cost index, Barometer of burdens) Statisches Bundesamt (secondary) Suggestion for 

future work 

Compliance costs Statisches Bundesamt (secondary) Suggestion for 
future work 

Globalization costs: set of 
indicators regarding the EU28 
performance in global energy 

trading (Export ratio, Balance of 
exports and imports–to–GDP ratio, 

Export dependence rate of the 
GDP, Import dependence of export, 

Terms of Trade) 

Statisches Bundesamt (secondary) Suggestion for 
future work 

Energy bill (decomposition) INSIGHT-E (secondary) Suggestion for 
future work 

Transport network development (in 
km) McKinsey (secondary) Suggestion for 

future work 
Decomposition of electricity 

generation costs and prices (€'2013 
MWh) 

EU (REF) (secondary) Suggestion for 
future work 
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Table 22. Social Impact Indicators 

Social impact indicators 
Indicator Source REEEM Model 

Share of households (or population) 
without 

electricity or commercial energy, or 
heavily dependent on non-

commercial energy 

UN (EISD) (secondary) Suggestion for 
future work 

Share of household income spent on 
fuel and electricity  UN (EISD) (secondary) Suggestion for 

future work 
Household energy use for each 

income group and corresponding fuel 
mix  

UN (EISD) (secondary) Suggestion for 
future work 

Passenger and freight volumes, by 
mode of transport GFMET, UN (SDG) (secondary) Suggestion for 

future work 
Proportion of schools with access to: 

(a) electricity; (b) the Internet for 
pedagogical purposes; (c) computers 

for pedagogical purposes; (d) 
adapted infrastructure and materials 

for students with disabilities; (e) 
basic drinking water; (f) basic 

sanitation facilities; and (g) basic 
handwashing facilities (as per the 

WASH indicator definitions) 

UN (SDG) (secondary) Suggestion for 
future work 

Proportion of youth and adults with 
information and communications 

technology (ICT) skills, by type of 
skill 

UN (SDG) (secondary) Suggestion for 
future work 

Jobs in renewable energies (Wind, 
Solar PV, Small hydropower, 
Biomass, Biofuels and biogas) 

INSIGHT-E, McKinsey (secondary) Suggestion for 
future work 

Shares of environmental and labour 
taxes in total tax revenues from taxes 
and social contributions (Implicit tax 

rate on energy) 

INSIGHT-E uses it as 
social indicator, (EU 
(EUROSTAT) uses it 
as economic indicator) 

(secondary) Suggestion for 
future work 

Implicit energy tax 

INSIGHT-E uses it as 
social indicator, (EU 
(EUROSTAT) uses it 
as economic indicator) 

(secondary) Suggestion for 
future work 

Household saving rate EU (EUROSTAT) (secondary) Suggestion for 
future work 

Inequality of income distribution  EU (EUROSTAT) (secondary) Suggestion for 
future work 

Passenger Cars Mio. GFMET (secondary) Suggestion for 
future work 
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Table 23. Technological Impact Indicators 

Technological Impact Indicators 
Indicator Source REEEM Model 

Primary energy savings compared to 
baseline projection (% change) EU(REF) (secondary) 

TIMES/OSeMOSYS 
Efficiency of thermal electricity 

production (%) EU(ROADMAP) (secondary) 
TIMES/OSeMOSYS 

CCS indicator (% of electricity from 
CCS) EU(ROADMAP) (secondary) 

TIMES/OSeMOSYS 
Fuel Inputs for Thermal Power 

Generation 
UN (EISD), 

EU(ROADMAP) 
(secondary) 

TIMES/OSeMOSYS 
Non-fossil fuels in electricity 

generation (%) 
UN (EISD), 

EU(ROADMAP) 
(secondary) 

TIMES/OSeMOSYS 

Combined heat and power generation EU(ROADMAP) (secondary) 
TIMES/OSeMOSYS 

Gross electricity generation from 
CHP plants by energy source, in 

TWh 
GFMET (secondary) 

TIMES/OSeMOSYS 

Efficiency of energy conversion and 
distribution UN (EISD) (secondary) 

TIMES/OSeMOSYS 

Energy demand in transport (ktoe) 
EU (EUROSTAT), 

EU(REF), 
EU(ROADMAP) 

(secondary) TIMES 

Intensity of goods transport or 
Transport Performance / Final 
Energy Consumption Freight 

Transport in Pkm / GJ 

Statisches Bundesamt, 
EU(REF), 

EU(ROADMAP), 
GFMET 

(secondary) TIMES 

Intensity of passenger transport or 
Transport Performance / Final 

Energy Consumption Passenger 
Transport in Pkm / GJ 

Statisches Bundesamt, 
EU(REF), 

EU(ROADMAP), 
GFMET 

(secondary) TIMES 

Energy consumption by transport 
mode EU (EUROSTAT) (secondary)TIMES 

Primary energy consumption 
(renewables and not) 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Installed capacity of industrial and 
public power plants and CHP plants 
by technology and energy carrier in 

MW 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Electricity production of industrial 
and public power plants and CHP 
plants by technology and energy 

carrier in TWh 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Fuel input to industrial and public 
power plants and CHP plants by 

technology and fuel TWh 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Electricity exchange - net imports in 
TWh 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Electricity exchange - capacities in 
GW 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Loss of load hours Within the capabilities (primary) 
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of REEEM models TIMES/OSeMOSYS/MESSAGE 
Investments in new capacity by 
technology and energy carrier in 

Million Euro 

Within the capabilities 
of REEEM models 

(primary) 
TIMES/OSeMOSYS/MESSAGE 

Production of centralised heating by 
fuel 

Within the capabilities 
of REEEM models (primary) MESSAGE 

Production of district heating by fuel Within the capabilities 
of REEEM models (primary) MESSAGE 

Installed capacity of district heating 
by fuel 

Within the capabilities 
of REEEM models (primary) MESSAGE 

Electricity production by 
municipality 

Within the capabilities 
of REEEM models (primary) MESSAGE 

Investments in heat generation by 
technology and energy carrier 

Within the capabilities 
of REEEM models (primary) MESSAGE 

Operation of power and heat plants, 
storage, heat pump etc. 

Within the capabilities 
of REEEM models (primary) Energy PLAN 

Heating demand Within the capabilities 
of REEEM models (primary) Energy PLAN 

Fuel consumption Within the capabilities 
of REEEM models (primary) Energy PLAN 

Energy technology mix Within the capabilities 
of REEEM models (primary) Energy PLAN 

Private and public spending on 
research and development in 

renewable energy technologies, 
conventional power plant types 

towards 2050, in EUR/kW 

Statisches Bundesamt, 
INSIGHT-E, GFMET 

(secondary) Suggestion for 
future work 

Private and public spending on 
infrastructure UN (SDG) (secondary) Suggestion for 

future work 

Modal split of passenger transport EU (EUROSTAT) (secondary) Suggestion for 
future work 

Modal split of freight transport EU (EUROSTAT) (secondary) Suggestion for 
future work 

Power Failure (min per year, sum of 
periods >3min) McKinsey (secondary) Suggestion for 

future work 
Researchers (in full-time equivalent) 

per million inhabitants UN (SDG) (secondary) Suggestion for 
future work 

Eco-innovation index EU (EUROSTAT) (secondary) Suggestion for 
future work 

Energy efficiency index of Industry, 
Transport, Households, Services INSIGHT-E (secondary) Suggestion for 

future work 
Number of Private Households / 

Final Energy Consumption, PHH / 
TJ 

GFMET (secondary) Suggestion for 
future work 

Cost reductions by means of learning 
curves (learning by doing and 

learning through research indicator, 
related to infrastructure and 

operational cost) 

Fraunhofer ISI (secondary) Suggestion for 
future work 
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Table 24. Institutional Impact Indicators 

Institutional Impact Indicators 
Indicator Source REEEM Model 

Number of mechanisms in place to 
enhance policy coherence of 

sustainable development 
UN (SDG) (secondary) Suggestion for 

future work 

Energy statistical capacity and 
analytical capabilities UN (EISD), UN (SDG) (secondary) Suggestion for 

future work 

 

 


	FOREWORD
	TABLE OF CONTENTS
	1 INTRODUCTION
	1.1 Background
	1.2 Aim and Objectives

	2 FRAME OF REFERENCE
	1.
	2.
	2.1 Terminology
	2.2 Literature review
	1.
	2.
	2.1
	2.2

	2.3 Strengths, weaknesses and gaps of scenarios

	3 METHODOLOGY
	2.
	3.
	3.1 Scenario Design Process-overview
	3.2 Focal Issue
	1.
	2.
	3.
	3.1
	3.2
	3.2.1 What is the focal issue/question?
	3.2.2 What is the sub-set of focal questions?
	3.2.3 What is the relevant environment of the focal issue?
	1.
	2.
	3.
	3.1
	3.2
	3.2.1
	3.2.2
	3.2.3


	3.3 Overarching narratives
	3.3
	3.3.1 What are the narratives?
	3.3.2 How are the narratives developed?
	1.
	2.
	3.
	3.1
	3.2
	3.3
	3.3.1
	3.3.2
	3.3
	3.3.1
	3.3.2
	3.3.2.1 Poor Hubbert
	3.3.2.2 Heterogeneity
	3.3.2.3 Rational Green Road
	3.3.2.4 Highway tolls


	3.4 Pathways
	1.
	2.
	3.
	3.1
	3.2
	3.3
	3.4
	3.4.1 What are the drivers of a pathway?
	3.4.2  What is the Impact and Uncertainty score of the drivers?
	3.4
	3.4.1
	3.4.2
	3.4.3 What are the pathways?
	3.4.4 How are the pathways clustered?
	1.
	2.
	3.
	3.1
	3.2
	3.3
	3.4
	3.4.1
	3.4.2
	3.4.3
	3.4.4
	3.4.4.1 Pathway Cluster 1: Active consumer at the center of the energy system
	3.4.4.2 Pathway Cluster 2: Demand focus - increasing energy efficiency across the energy system
	3.4.4.3 Pathway Cluster 3: Systems optimization
	3.4.4.4 Pathway Cluster 4: Secure, cost-effective, clean and competitive supply


	3.5 Impact Indicators
	3.5
	3.5.1 What are the impact indicators and how to choose them?
	3.5.2 How to communicate the results of the scenarios?

	3.6 Example: Design of a scenario
	3.6

	2.
	3.

	4 DISCUSSION AND CONCLUSIONS
	4.
	4.1 Discussion
	4.
	4.1
	4.
	4.1
	4.1.1 Top-down/Bottom-up
	4.1.2 Point of departure and inclusion of stakeholders
	4.1.3 Avoiding Subjectivity
	4.1.4 Preparatory step of the pathways development process
	4.1.5 Consumer behavior

	4.2 Conclusions
	4.2
	4.3
	4.
	4.1
	4.2
	4.2.1 Learning from experience
	4.2
	4.3
	4.2.2 Contribution of the thesis work


	5 RECOMMENDATIONS AND FUTURE WORK
	5.1 Recommendations
	5.2 Future work

	6 REFERENCES
	ANNEX A: FOCAL ISSUE - INTERMEDIATE ATTEMPTS
	ANNEX B: NARRATIVES
	ANNEX C: IMPACT INDICATORS LIST

