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Motivation and central research question

The global energy transition requires a massive re-thinking of the ways we generate, consume, and
transform energy. To achieve the set climate targets of the European Union of 100% emission
reductions in 2045-2050 [1], heavy electrification, combined with a significant expansion of variable
renewable energy sources (VRES) is required. However, the current unstable geopolitical landscape,
both globally, but also with nationalistic trends emerging within Europe itself, poses several additional
challenges to the already gargantuan task of the needed rapid decarbonization.

Methodology

To chart these uncertainties towards 2050 and beyond, the “European Energy Vision 2060” or EU-
EnVis-2060 scenarios have been created. The scenario generation process included several workshops
between experts from academia, industry and policy stakeholders, as well as need-owners from the
CETP project “ManOEUVRE”. The result of this process were four distinct qualitative storylines, mapping
the major driving forces and key uncertainties facing the European energy transition (see Figure 1).

UNCERTAINTIES / DRIVING FORCES Possibility 1 Possibility 2 Possibility 3

AL SOCIAL DYNAMICS TOWARD TRANSFORMATION
Public awareness of climate change

Acceptance of new technologies Indifferent or low Middle-of-the-road Positive

Acceptance of green energy policies

Behavioral shifts: Energy Consumption Behavior
Social pressure for environmental action I Q ‘ ' " ‘ '

B. INNOVATION

The pace of innovation
Technological advancements The pace of innevation The pace of innovation and cost reductions
Technological breakthrough and disruptive innovations and cost redlis and cost reductions in renewable energy
Energy efficiency-related innovations in renewable \energy in renewable energy technologies is high.

Policy and regulatory-related innovations technologidli technologies is Breakthrough in clean
Decentralization and digitalization

N ° N low to moderate. moderate to high. energy technologies
Financial innovation and new business models :

i 1 + digitalizati
Impact of Artificial Intelligence on Energy Efficiency igitalizar Iulq

Low:
Geopolitical Rivalries and Alliances High: Only Eurogiitle

Globally and
oz et kb, ol Ames - - /
Trade disputes and supply chain disruption Entirely inhibitive stable/faAIVE Europe-wide

International Agreements and Treaties stable/faci itative
it m e e e e . °
-}

POLITICAL TARGETS, POL]CIES: AND REGULATIONS

Political will toward energy transition ‘
Erlfiea] G5 15 o (o hE(Fe el Emepemm (=
Aaigring Supparts and meontives towmrd Heembonization Weak Neutral

Lobbying in support of the green shift
Energy market design I ° o o o

EcoNoMIC FACTORS

C. GEOPOLITICAL INSTABILITY

Geopolitical tensions and wars Moderate:

Strong

Economic growth/recession

.
e Availability of capital for financing the decarbonization : ;
ey Low Medium High
e Availability of subsidies and incentives toward decarbonization
e Available funding for R&D . o o o °_>
N
DEMOGRAPHIC CHANGES Ongoing trends for.all scenarios to facilitate
 Population growth : "
+ Iminigration o EU the comparison of rom other aspects.
L
-} 5
EU TrinITY Go RES
NECP EsseNTIALS REPowEeREU ++

Figure 1: The main uncertainties & driving forces of the EU-EnVis-2060 scenarios

These qualitative storylines were then parametrized and translated into usable information for the use
in energy system models. For this analysis, the Global Energy System Model (GENeSYS-MOD) [1] will
be used to quantify the Pan-European pathways that result from the four developed scenarios.
GENeSYS-MOD is a sector-coupled, open-source energy system model that includes the sectors
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electricity, buildings, industry, and transport, and performs a linear cost optimization of the energy
system towards the future — in this case 2060 [3]. Main model results include investment trajectories,
capacity expansion plans, the energy dispatches of the different energy carriers, as well as the flexibility
and transmission requirements (see Figure 2).
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Figure 2: Inputs and outputs of the Global Energy System Model (GENeSYS-MOD)

Results and Conclusions

The expected results will show possible developments of the European energy system towards 2060
and possible solutions to achieve set climate targets while navigating the societal, geopolitical, and
technological challenges that we face, including the uncertainty that exists around them. The GENeSY S-
MOD outputs will display the necessary deployment and ramp-up of renewable energy sources and
showcase no-regret options across the different storylines. Within the ManOEUVRE project, the Pan-
European energy system results will then be passed on to regional and sectoral models in an iterative
fashion — incorporating the findings from these models into the broader energy system model. The main
goal of the project is to give detailed feedback to the National Energy and Climate Plans (NECPs) of the
European member states to improve the planning for a sustainable, secure and robust energy system
of the future.
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