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a b s t r a c t

Model-based energy scenarios are a widely used tool for supporting economic and political decision
makers. The results of energy modeling and the conclusions deduced therefrom, however, depend on the
model input data derived from framework assumptions about future developments in the embedding
society, which are deeply uncertain in the long term. The challenge to deal with this ‘context uncertainty’
in a systematic and comprehensive manner has only recently started to attract intensified attention in
energy research; the search for appropriate methods is ongoing. This paper proposes a new concept for
the construction of socio-technical energy scenarios, which combines familiar environmental modeling
approaches with new developments in qualitative scenario methodology, and demonstrates the possible
application of the concept in model-based energy scenario construction.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

These days, model-based energy scenarios are a well-
established practical tool informing public debates, corporate de-
cision makers and policy advisors about possible futures, options,
and policy effects [1]. Traditional energy scenarios achieve this by
focusing on the technical and energy-economic dimensions of the
future describing the deployment of techniques, changes in energy
demand and supply, in emissions, in supply costs and the like.
Determinants of the energy future located outside the immediate

energy system, such as demographic and economic developments,
innovation dynamics, changes in public attitudes, social values and
consumer behavior are, despite their deep uncertainty in the long
term, mostly treated as fixed framework assumptions. On the other
hand, the pronounced influence of the framework assumption on
model results is well known to energy modelers [2]. This begs the
question howmuch reliability can be expected from results and the
conclusions derived therefrom, bearing in mind that they critically
depend on deeply uncertain assumptions e if these uncertainties
are not adequately dealt with.

Adequately dealing with the ‘context uncertainty’ in energy
modeling, however, is not an easy task. It requires an uncertainty
assessment for each relevant framework assumption, while taking
into account the interdependences between the various context
developments. All this needs to be done in a broad field of research
questions, which transcends disciplinary boundaries, at the same
time also including qualitative forms of knowledge. Basically this
means beginning the exercise of constructing energy scenarios with
an effort, aimed at providing a better understanding of the range of
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possible futures of the society into which the energy system is
embedded. Furthermore, to do justice to the scientific character of
the subsequent energy systems analysis, this preparatory step
should be systematic and meet minimum standards of trans-
parency, traceability, and intersubjectivity (if objectivity cannot be
achieved) e criteria that are not easily fulfilled in the construction
of qualitative societal scenarios.

This article describes an approach to better address the uncer-
tainty of societal framework assumptions in energy modeling and
the socio-technical character of energy transitions. The ‘context
scenario’ approachwas developed in the years 2011e2014 as part of
the research alliance ENERGY-TRANS, a platform for interdisci-
plinary research activities dealing with the socio-technical aspects
of the German energy transition (‘Energiewende’) [3].

Scenarios, including energy scenarios, can assume different
roles in foresight exercises and this diversity has its impacts on the
role and usefulness of the proposed context scenario approach.
B€orjeson et al. differentiate between ‘predictive’ (e.g. what-if),
‘explorative’ and ‘normative’ scenarios [4]. The most pronounced
effect of the proposed approach can be expected in the case of
explorative energy scenarios which deal with the question ‘what
may happen?’ because, obviously, a comprehensive answer to this
question must exceed the closer energy system and put the same
question also to the major drivers of the energy system. Hence, this
case is the focus of this article. This does not mean, however, that
the context scenario approach is not relevant for other types of
energy scenarios: In ‘what-if scenarios’ (if-then scenarios) the ‘if’
condition usually is restricted to a small part of the model's input
data set (for instance, a specific economic development or a specific
political action), excluding the wide range of all other drivers. This
means that the if-then answer constructed by the model may well
critically depend on the assumptions about the excluded drivers, a
fact challenging the robustness of the if-then analysis, when done in
a traditional model-only style. Normative (‘what should happen’)
scenarios, on the other hand, are bound to a desired final state and
not open to variations in this respect. Nevertheless, they may be
open to the question which pathways to the final state might be
advisable or simply feasible under different framework conditions.
Hence, the context scenario approach should be, to varying degree,
relevant for all types of energy scenarios.

The relevance of the context scenario approach depends also on
the type of energy model employed in the scenario exercise. In
energy systems analysis a bunch of different types of models exist.
The most common are techno-economic models, like TIMES PanEU
[5]. Furthermore, economic models, like computable or applied
equilibrium models (e.g. GTAP-E, see Ref. [6]), agent-based models
and systems dynamics could be named. Generally spoken, the
proposed approach should be useful for all model types in which
the model is driven by a non-trivial set of uncertain and interre-
lated exogenous assumptions. This is typical for techno-economic
and economic energy models. To which extent this applies also to
agent-based models and system-dynamic energy models depends
on the set-up of the model exercise.

The following chapters describe the motifs and the inspiration
the authors took from climate change research and other research
fields. The concept of context scenarios is outlined and its usage for
the construction of socio-technical energy scenarios is shown using
a demonstration exercise. Finally, strengths and limitations of the
concept are discussed.

2. Motivation

To generate future energy system pathways, a great number of
assumptions have to be defined, which are ex- and implicitly taken
into account in the model, e.g. concerning demographic

development, gross domestic product (GDP) growth, increases of
energy efficiencies and many others (see e.g. Ref. [2] and appendix
Table A1). All of these assumptions are associated with consider-
able uncertainty when it comes to long-term scenarios, and they
imply an assessment and interpretation of current knowledge. This
interpretation e which is always a part of the scenario generation
process and usually not fully transparent e leads to a selection of
exogenous techno-economic, political, and societal factors,
together building a certain story about the future of the embedding
society on the one hand and to the neglect of other possible as-
sumptions and underlying stories on the other hand. One example
are the assumptions on population growth included in Interna-
tional Energy Agency (IEA) studies: the IEA energy scenarios [7] are
based on data published by United Nations Population Division
(UNPD) [8]. UNPD analyzed different scenarios on population
growth based on different societal development pathways. How-
ever, IEA e following a very common procedure e only used the
data for the medium case, ignoring that this case reflects only one
possible option. As a result, the scenarios published by the IEA
might only reflect a very restricted spectrum of possible de-
velopments. Other examples often cited are GDP development and
the derived assumptions about energy demand, and sensitive as-
sumptions relating to fossil fuel prices, technology costs and CO2

emission costs. This focus on one set of assumptions and one un-
derlying story as a starting point for the model analysis may cause
an unwise limitation of the bandwidth/variety of derived energy
scenarios that is considered as possible even if sensitivity analysis
is applied to test the influence of some of the assumptions.

Furthermore, a sound choice of assumptions in different fields
(demography, economy, technological progress and others) re-
quires careful consideration of the complex interdependencies
between developments in all these fields, or as IEA put it “Key
drivers of energy markets are hard to predict, in part because they
interact with each other” [9]. This cross-disciplinary effort
frequently lacks documentation in the scenario studies (if done at
all) and a lack of internal consistency cannot be ruled out in such
cases.

Internal consistency among (mathematically related) numerical
assumptions can be managed more easily using quantitative ap-
proaches than qualitative approaches. However, quantitative ap-
proaches e usually used for energy scenarios e have the
disadvantage that those factors that cannot be expressed in
numbers are either more or less ignored, or set implicitly as con-
stant. This may limit the suitability of existing scenarios and sce-
nario studies for a broader range of research questions (see e.g.
Ref. [10]). All of the exogenous factors employed as drivers in the
model analysis, not to mention any endogenous factors (often
calculated by cost optimizing objective functions) are based on
various societal assumptions such as behavior patterns, attitude to
technical changes, or public acceptance. Usually these are either
only included implicitly, or are simply ignored in energy scenarios
(cf. appendix Table A1). The results are conclusions that risk being
of limited robustness and consistency.

One striking example of how far energy models can mislead
when the stability of the societal and political environment is
overrated, was highlighted by Mai et al. They described the
repeated and pronounced underestimation of U.S. wind turbine
deployment by energy models in the period 2001e2009, explained
partly by static policy assumptions in a dynamic socio-political
context [11].

Compared to common practice, a methodology that combines a
quantitative approach, where possible, with a more explicit
appraisal and a deeper analysis of societal assumptions should
result in a far better understanding of transition processes, as well
as the risks and robustness concerning possible developments in
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