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1 Summary

EUCAR has commissioned Frontier Economics to analyse and compare selected reports and
roadmaps with scenarios of the evolution of the EU energy system until 2050. The reports and
roadmaps considered include:

¢ relevant international studies — World Energy Outlook 2022 by the International Energy
Agency, EU Reference Scenario 2020 by the European Commission, Ten Year Network
Development Plan (TYNDP) 2022 by ENTSO-G/ ENTSO-E, Energy Transition Outlook
2022 by DNV and Transformation of mobility in the GHG-neutral and post-fossil age by
FVV IVb (see Annex A),

e national roadmaps - Germany, UK, France, Spain and lItaly; as well as

e roadmaps of selected European cities — Amsterdam, Madrid, Milan, Paris, Vienna and
Munich

e and industry stakeholders — ArcelorMittal, Shell, Engie, Elia and Maersk.

This analysis focuses on the evolution of energy carriers such as electricity, hydrogen, and
synthetic fuels, ensuring a comprehensive understanding of the EU energy system and its impact
on the road transport sector.

The international studies, national, city and industry stakeholder roadmaps and their scenarios
considered for this meta-analysis all depict various pathways for the EU energy sector to 2050.
Although they overlap in many aspects, differences can be observed, which originate from
different purposes of the studies and varying assumptions that have been made.

It is important to understand that international studies and their scenarios vary widely regarding
the depicted level of climate ambitions. While some depict a business-as-usual future, others
assume futures in which climate goals are met or even over-fulfilled. This is not as much the case
for the national city and industry roadmaps, as in these, political climate goals are met by
definition. This hints at a very fundamental difference between these different “kinds” of studies:
International studies are rather driven by a set of assumptions, which then, as a result, lead to a
possible future scenario. Roadmaps tend to do the opposite: here, the future scenario is defined
deterministically (political climate goals), and assumptions are used to depict a pathway that will
lead to this defined objective.

A further key driver of all studies, next to the level of climate ambitions, is the foreseen
development of the final energy demand, electricity generation and hydrogen supply and demand:

¢ Allinternational studies and national reports expect the final energy demand to decrease.
Hereby, the reduction in final energy demand is clearly correlated to the level of climate
ambition: the higher the assumed level of climate ambition of each scenario, the stronger
the decrease in the final energy demand until 2050. This suggests that energy demand
reduction and energy efficiency are key to reaching the set climate goals. Looking at
individual sectors, all studies and roadmaps suggest that the transport sector will have
the largest (relative) share of the total reduction in the final energy demand. This is
mainly due to an anticipated change to more efficient technologies, namely direct
electricity use, and not due to a decrease in transport activity (see section 4.1).
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Reduction in final energy demand vs the development of CO2 emissions by international
studies scenarios
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Source Frontier Economics based on International Studies: EU Reference Scenario (EU Ref), World Energy

Outlook — Announced Pledges (WEO APS), World Energy Outlook — Stated Policies Scenario (WEO
STEPS), Ten Year Development Plan — Distributed Energies (TYNDP DE) and Ten-Year Development
Plan — Global Ambitions (TYNDP GA).

Electricity generation is set to increase strongly and play a major role in all studies and
roadmaps considered. As with final energy demand, though, the intensity of the increase
in generation is generally higher the greater the climate ambitions depicted by each
scenario. The expansion of electricity generation is shown to be predominantly based on
domestic (within the EU) RES capacities. Nuclear generation remains a mostly constant
share in almost all electricity mixes, and electricity generation via methane is considered
to play a minor role in most studies. Hydrogen-to-electricity only contributes to power
generation in a few international studies and national roadmaps, and to a small degree
(see section 4.2).

Hydrogen and its derivatives are foreseen to play some role in all scenarios and
roadmaps. However, concrete numbers are only disclosed in the reviewed studies to a
limited extent. Where the relevant information is available, the scenarios that show a
particularly large share of hydrogen demand up until 2050 tend to show a significant
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share of imports of hydrogen. However, domestic production (within the EU) plays a
larger role than imports in all scenarios with available data (see section 4.3).

City and stakeholder roadmaps tend to be less specific about final energy demand,
electricity generation and hydrogen usage than international studies and national
roadmaps. However, where they provide information and insights on these topics, they
seem to support the general trends in national and international studies. (see sections
4.1,4.2 and 4.3)

With regard to the transport sector, two aspects have been considered in detail in this analysis:
the assumed evolution of mobility demand/patterns and the technology mix in the road transport
sector:

Regarding the demand for mobility, all international studies assume that transport activity
will increase moderately across all modes of transport. While transport via rail tends to
increase slightly more than e.g. road transport in most studies, they do not anticipate a
change in the ranking of transport modes. At the same time, a constant or moderately
increasing road transport activity does not necessarily imply a rising vehicle stock.
Depending on what is assumed in the development of private vehicle ownership with
respect to car sharing, the vehicle stock might be decreasing despite a constant or
growing mileage. Information on this is, however, rather scarcely provided by the studies.
National roadmaps depict a similar picture but with some more variation across
roadmaps. In addition, national and city roadmaps tend to focus more strongly on a
modal shift, e.g., towards public transport and cycling (see Section 5.1).
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International studies: Passenger transport activity
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Source: Frontier Economics based on International Studies.

¢ International studies present different technology mixes for passenger transport. These
scenarios range from mainly BEV technologies to mainly ICE-V futures with a wider
range of technology mixes in between including FCEVs. Generally, it is worth noting that
all international studies that assume that the climate goals will be reached by 2050
foresee a mix of technologies and not a world with one dominating technology in the
passenger fleet by that time. A similar picture with a mix of technologies emerges on
road freight transport. Contrary to international studies, the national and city roadmaps
tend to focus strongly on BEVs as the main technology, particularly for passenger road
transport (see section 5.2).
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International studies: Share of passenger car technology

Share of technology in vehicle stock: Passenger Cars
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Source:  Frontier Economics based on International Studies and on ACEA (2023): Vehicles in use, Europe 2023,
for the current split

In conclusion, we observe a gap between the scenarios depicting a business-as-usual future and
the scenarios and roadmaps that reach the ambitious climate goals set out by the EU.
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1 Infroduction

The European Union, its member states, and affiliated European countries have set ambitious
goals to combat global climate change and mitigate its consequences. The European Green Deal
is one of the cornerstones of reaching these goals. It is a set of strategies, rules, regulations and
targets adopted since its presentation at the end of 2019. Among many, it sets the goal to
transform Europe into a carbon-neutral continent by 2050, to reduce greenhouse emissions by
55% compared to 1990 until 2030 (“Fit for 55”) and increase the share of renewable energy
sources to 45% in 2030 (“Repower EU”).

While these are ambitious goals, it is uncertain how they will be reached. There are numerous
technological and economic pathways that can lead to the desired outcome. These translate into
different ideas and different perceivable scenarios of what the future will look like while reaching
these goals. Given different assumptions on technological progress, socio-economic
developments, interests, and strategies, future scenarios may look very different. Additionally, the
overarching goal of carbon neutrality by 2050 is accompanied by various sector- and sub-targets.
This can be CO2 or renewable shares quotas for specific sectors or technological-specific targets,
e.g. governments plan to have a specific number of heat pumps installed and/or a specific number
of BEVs newly registered until a specific point in the future. Scenarios for these sectors' specific
or sub-targets might not always fully incorporate other sectors' targets or developments. On the
contrary, certain goals or technological pathways of one sector might have even negative
consequences for the achievement of some other sectors' targets and goals.

In light of this uncertainty and the existing interdependence between sector targets and potential
pathways to reach them, it is essential to constantly cross-check the interdependencies between
sectors, roadmaps and technological developments in order to contribute to an effective and
efficient success to reach the goals laid out, among others, in the European Green Deal.

Since commencing this analysis in 2023, certain reports and roadmaps considered have
undergone partial updates and adjustments in response to new developments. Given the
inherently dynamic nature of the ongoing energy transition, we anticipate further updates and
changes in the future. Nevertheless, the main findings from this report can still serve as valuable
guidance.
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3 Overview roadmaps and reports

We have considered a variety of selected international studies as well as national, city and
industry stakeholder roadmaps for this meta-study. In the following section, we will describe the
relevant scenarios from the international studies as well as the national roadmaps. These are of
particular importance as many of these studies employ a variety of assumptions subsumed under
scenarios, which greatly impact the results of these scenarios. City roadmaps, as well as
stakeholder roadmaps, on the other side, tend to reflect the desired achievements of these
stakeholders and, thus, are usually not based on scenarios. Instead, they construct a single
roadmap leading to a desired outcome and usually rely less on baseline assumptions. A closer
analysis of these scenarios is neither possible nor useful. See Annex A for a complete list of
scenarios and roadmaps considered in this study.

3.1 Description of scenarios considered from the international studies

The international studies and, within these, the relevant scenarios to be considered have been
chosen in close coordination with EUCAR based on the recognition of the study, the relevance of
the scenario and the availability of information and data on an EU or European level:

e EU - Reference Scenario (EU Ref)!: The study includes only one scenario and was
published in 2020. It builds on the EU and EU Member State-level policies as of the end
of 2019 and assumes that no additional measures will be applied between 2030 and
2050. It assumes that the binding climate targets (as of 2019) are met. It describes itself
as an EU benchmark scenario: ’In essence, the Reference Scenario is an informed,
internally consistent, and policy-relevant projection on the future developments of the EU
energy system, transport system and greenhouse gas GHG emissions that acts as a
benchmark for new policy initiatives.” 3

e World Energy Outlook (WEQ) #: The World Energy Outlook is published annually by the
International Energy Association (IEA). We consider the latest publication (as of this
analysis) from 2022. We consider two scenarios from the World Energy Outlook:

o WEO Stated Policies Scenario (WEO STEPS): This scenario considers the
policies that governments have actually implemented in order to reach their stated
targets and objectives. Thus, this scenario is not designed to meet a particular
outcome. The overall emissions in the STEPS scenario do not decrease to net
zero in 2050.

o WEO Announced Pledges (WEO APS): This scenario assumes that
governments will meet all of their announced climate-related commitments,
including net-zero emission targets, in full and on time. It is, therefore, significantly
more ambitious than the WEO STEPS scenario. Overall, however, this scenario is
still associated with an increase in average global temperatures of +1.7° by 2100.

! European Commission (2021): EU Reference Scenario 2020 — Energy Transport and GHG emissions — Trends to 2050
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-reference-scenario-2020_en.

2 European Commission (2021), p. 8.

3 According to the EU Reference scenario (p. 132), the EU reference scenario “[..] falls short of the new 2030 emissions reduction
objectives of 55% notably by not spurring the necessary contributions stemming from the renewables and energy efficiency
uptake. Even more so, over the longer run the developments are insufficient to achieve the 2050 climate neutrality goal.”

4 International Energy Agency (2022): World Energy Outlook 2022, https://iwww.iea.org/reports/world-energy-outlook-2022.
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3.2

DNV Energy Transition Outlook (DNV) °: The DNV study, published in 2022,
represents a “best estimate” forecast of the energy future, with some sensitivities
considered with respect to the main conclusions. It is, therefore, what DNV considers the
“most likely” development in the future to 2050. Net-zero is not reached in this scenario.
Contradicting to the other scenarios considered in this study, the DNV results considered
for our analysis refer to all of Europe and not the EU.

Ten-Year Network Development Plan (TYNDP) é: The TYNDP is a joint network plan
published every second year by ENTSO-E (European Network of Transmission System
Operators — Electricity, the association that represents the electricity transmission system
operators in the EU and beyond EU borders) and ENTSO-G (European Network of
Transmission System Operators — Gas, an association that represents the gas
transmission system operators in the EU and beyond EU borders). The TYNDP
considered for this meta-study has been published in 2022. It represents the network
development plan for the electricity and gas grid in the EU with comprehensive
assumptions and published data up to 2050. We consider two scenarios from the
TYNDP: the Distributed Energy Scenario and the Global Ambition Scenario.

o TYNDP Distributed Energy Scenario (TYNDP DE): This scenario pictures a
pathway where the EU achieves a 55% emission reduction in 2030 and carbon
neutrality by 2050. The underlying expectation for this scenario is that the EU will
reach its climate goals based on widely available domestic and distributed/
decentralised renewable energy sources.

o TYNDP Global Ambition Scenario (TYNDP GA): This scenario pictures a
pathway where the EU achieves a 55% emission reduction by 2030 and achieves
carbon neutrality by 2050. It is based on the wide range development of mainly
centralised new renewable and low-carbon technologies and expects a strong
global energy trade to facilitate the necessary changes.

FVV IVb — GHG optimal mix (FVV IVb) ”: This study, published in 2022, is based on the
FVV IVa study, which borrows many assumptions on the future mobility demand from the
EU Ref. The FVV IVb study focuses mostly on the transport and road sector, and the
particular scenario considered here minimises the total greenhouse gas emissions in the
road sector for the EU27+UK that will accumulate from 2020 until 2050, assuming
different renewable options.

Description of scenarios considered from the national roadmaps

Similar to international studies, the national roadmaps and their scenarios have been chosen
based on data availability with the goal of depicting a diverse range of national energy systems.
The countries included are Germany, the UK, France, Spain and lItaly.

5 DNV (2022) : Energy Transition Outlook 2022 — A global and regional forecast to 2050,
https://www.connaissancedesenergies.org/sites/default/files/pdf-
actualites/DNV_Energy_Transition_Outlook_2022_main_report.pdf.

6 ENTSO-E and ENTSO-G (2022): TYNDP 2022 — Scenario Report, https://2022.entsos-tyndp-scenarios.eu/.

TFVV (2022): Future Fuels : FVV Fuel Study IVb — Transformation of mobility to the GHG-neutral post-fossil age, https://www.fvv-
net.de/en/science/how-quickly-can-we-be-sustainable.
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e Germany - Langfristszenarien ("long-term scenarios”) published by the Federal
Ministry for Economic Affairs and Climate Action in 20228: This is one of the most
recognisable long-term national roadmaps in Germany. Scenarios, their underlying
assumptions, and inputs and outputs of the calculation are published and freely
available. The scenarios (which all assume reaching net zero in 2045) included in our
analyses are:

o T45-Strom: The scenario is based on the high usage of electrification in the
energy system. Renewable electricity is seen as the main energy carrier across
sectors and appliances and as the main driver to reach German climate targets.

o T45-H2: Scenario focuses on Hydrogen as an energy carrier to reach Germany's
climate targets and incorporates a path with high utilisation of hydrogen.

o T45-PtL/G: Scenario depicts a world in which power-to-liquid and power-to-gas
solutions play a major role in achieving Germany's climate targets.

e UK - The Sixth Carbon Budget published by the Climate Change Committee in 2020°
This is a comprehensive study on how the UK could reach its climate goals. In our
analysis, we focus on the pathway recommended by the Climate Change Committee, the
“Balanced Net Zero Pathway.”

e France - Synthese scénario de référence SNBC-PPE (“Summary of the reference
scenario of the French energy and climate strategy”) published by the Direction
Générale de I’Energie et du Climat in 2020°: The study depicts a national low-carbon
strategy and multiannual energy program.

e Spain - Estrategia de descarbonizacion a largo plazo 2050 ("Long-term
decarbonization strategy 2050”) published by the Ministry for Ecological Transition and
Demographic Challenges in 2020: The roadmap contains only one relevant scenario,
which we will incorporate in our analysis, subject to data availability.

e |taly - Strategia Italiana di lungo termine sulla riduzione delle emissioni dei gas a
effetto serra ("ltalian long-term strategy on the reduction of greenhouse gas emissions”),
a joint publication of several ministries in 2021%?: The roadmap contains only one
relevant scenario to reach carbon zero, which we will consider in our analysis subject to
data availability.

3.3 Assumptions with respect to implemented climate ambitions

One of the key elements of each study and scenario is the level of climate ambition depicted.
Whether or not a scenario depicts a business-as-usual world, the achievement of net zero by
2050 or an overachievement of the set climate goals greatly influences the technological and
energy-related developments shown in the respective scenarios. We use the “foreseen”

8Fraunhofer ISI, Consentec, ifeu and TU Berlin/E&R (2022): Langfristszenarien 3 — Wissenschaftliche Analysen zur
Dekarbonisierung Deutschlands, https://langfristszenarien.de/enertile-explorer-de/

® Climate Change Committee (2020): The Sixth Carbon Budget., https://www.theccc.org.uk/publication/sixth-carbon-budget/
10 Direction Générale de I'Energie et du Climat (2020): Synthése du scénario de référence de la stratégie francgaise pour
I'énergie et le climat,

https://www.ecologie.gouv.fr/sites/default/files/Synth% C3%A8se%20sc%C3%A9Nario%20de%20r% C3%A9f%C3%A9rence%20
SNBC-PPE.pdf.

11 Ministerio para la Transicion Ecolégica y el Reto Demografico (2020): Estrategia de descarbonizacion a largo plazo 2050,
https://ec.europa.eu/clima/sites/Its/lts_es_es.pdf.

12 Ministero dell’Ambiente e della Tutela del Territorio e del Mare et. Al. (2021): Strategia Italiana di lungo termine sulla riduzione
delle emissioni dei gas a effetto serra, https://www.mase.gov.it/sites/default/files/Its_gennaio_2021.pdf.
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development of CO2 emissions for each scenario as a proxy to determine and compare each
scenario's climate ambition level. Figures 1 and 2 each show the development of CO2 emissions
for the international studies and national roadmaps scenarios, respectively.

Figure 1 Development of CO2 emissions by international studies scenarios relative to
reference year emissions
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Source: Frontier Economics based on International Studies.
Note: CO2 emissions without other GHG emissions. The reference year is 2020. DNV is based on Europe; all other

scenarios are based on the EU.

Figure 1 reveals that the level of climate ambition between the scenarios of international studies
varies greatly. The reason for this difference can be found in the underlying assumptions and
expectations of the respective scenarios:

e The EU Ref and the WEO STEPS scenario show the least ambitions with respect to CO2
emissions reductions. This is due to the fact that both focus solely on policies that have
already been implemented or passed. Thus, from all scenarios, they are closest to a
business-as-usual world and, hence, see the least reduction in CO2 emissions.

e The TYNDP DE and TYNDP GA scenarios assume a CO2 emissions reduction close to
zero in 2050. When accounting for negative emissions from forests, land use and Carbon
Capture and Storage (CCS)?*3, both scenarios reach total negative net emissions in 2050
and fulfil the EU Green Deal net-zero goals.

e The WEO APS scenario assumes, similarly to the TYNDP scenarios, a reduction in CO2
emissions until 2050 to close to zero.

e The DNV scenario represents a “middle ground” between the studies under
consideration. The “most likely future”, as estimated by DNV, shows significant

13 These are not shown in Error! Reference source not found.
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improvements in CO2 reductions compared to 2020 and compared to the business-as-
usual scenarios but fails to reach net zero by 2050 fully.

Figure 2 Development of GHG emissions by national roadmap scenarios relative to
reference year emissions
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Source: Frontier Economics based on National Roadmaps.
Note: The reference year for IT is 2018, but it is shown here as 2020 for readability.

e Figure 2 shows the climate ambitions for the scenarios of the national roadmaps. Contrary
to the international studies which show a potential future development under certain
assumptions, these scenarios depict roadmaps that show an envisaged path to net zero
1Thus, all of these scenarios reach net zero by 2050 by design. The difference in climate
ambition between these scenarios lies, if at all, in the speed of the reduction of GHG
emissions. Germany and the UK foresee, for example, a faster reduction of GHG
emissions early towards 2050 compared to the other roadmaps. However, this is partly
due to the higher granularity of the data provided by these roadmaps.

Similarly to the national roadmaps, the city's roadmaps and industry stakeholders all aim
to reach net zero by 2050 at the latest. These roadmaps are designed to deliver net zero
by 2050. Figure 3 summarises the climate ambition of the city and industry stakeholder
roadmaps considered in this study.

14 Note that Error! Reference source not found. shows only the CO2 emissions. To reach the goal of net zero, the sum of both
— CO2 emissions and CO2 absorption — needs to reach zero. Therefore the CO2 emissions can still be positive in 2050 despite
reaching net zero.
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o Within the city roadmaps, a few exceptions, e.g., Vienna and Munich, plan to
reach net zero even before 2050.

o On the industry stakeholder side, all plan to reach net zero before 2050, except
Shell and ArcelorMittal.

Figure 3 Climate goals for city and industry stakeholder roadmaps
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Source: Frontier Economics based on City Roadmaps.
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4 Scenarios and implications on the energy sector

The following will discuss the scenario and roadmap results and their implications for the energy sector.
We focus on the final energy demand, electricity generation, and the role of hydrogen.

4.1 Development of the final energy demand

The final energy demand is one of the key parameters available in almost all studies and
roadmaps. It is, therefore, well suited for comparison purposes, particularly as it also reflects the
assumptions and results on energy saving and efficiency, which have a major role in many
ambitious plans to reach the defined climate goals and all directly influence the final energy
demand. The final energy demand — or final energy consumption — relates to the energy used by
final consumers (such as households, transport, industry, etc.) for all energy uses.

Total final energy demand by international studies and national roadmaps

Figure 4 shows the reduction of the final energy demand in 2030 and 2050 compared to the
reference years for each scenario considered from the international studies. Two observations

can be made:

e All scenarios foresee a significant reduction in the total final energy demand. While these
reductions are moderate in 2030, they are partially fundamental in 2050.

e The amount of final energy demand reduction, especially closer to 2050, differs
significantly between the scenarios.

Figure 4 Reduction in final energy demand by international studies scenarios
compared to the reference years
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Source: Frontier Economics based on International Studies.
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Figure 5 compares the reduction in final energy demand to the development of CO2 emissions
for each of the international studies' scenarios. The higher the climate ambitions, the higher the
envisaged reduction in final energy demand. This means that the two factors have a strong
positive correlation. This indicates that reducing the final energy demand by using energy more
efficiently is a major component across all scenarios to reach ever-higher climate goals.

Figure 5 Reduction in final energy demand vs the development of CO2 emissions by
international studies scenarios
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Source: Frontier Economics based on International Studies: EU Reference Scenario (EU Ref), World Energy Outlook —

Announced Pledges (WEO APS), World Energy Outlook — Stated Policies Scenario (WEO STEPS), Ten Year
Development Plan — Distributed Energies (TYNDP DE) and Ten-Year Development Plan — Global Ambitions
(TYNDP GA)

The national roadmaps reveal a similar picture with respect to the reduction in final energy
demand. Figure 6 shows the reduction in final energy demand by scenario for 2030 and 2050
compared to the reference year. Similarly to the developments in international studies, the
national roadmaps envisage a strong decrease in the final energy demand, particularly by the end
(in 2050). As all roadmaps imply the achievement of climate goals, namely net zero by 2050, the
relative reductions of the final energy demand compared to the reference year are broadly
aligned. Differences can be observed, e.g. between the different scenarios of the German
roadmaps. This can be attributed to the underlying assumptions of these scenarios. The DE T45-
Strom scenario, which builds on the wide range adaption of electrification (only) solutions, shows
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the highest reduction of final energy demand, as electric end-appliances tend to be the most
energy efficient (e.g. a BEV vs ICE vehicle on a tank to wheel basis). The DE T45-H2 scenario
shows a lower reduction in final energy demand than the “all-electric” scenario DE T45-Strom, as
the energy efficiency of Hydrogen in end appliances is lower. The same, but more emphasised,
is shown in the DE T45-PtL scenario, which builds strongly on synthetic liquid and gaseous fuels.

Figure 6 Final energy demand reduction for national roadmaps compared to reference
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Source: Frontier Economics based on National Roadmaps.
Note: The reference year is 2019 for DE, 2020 for UK, FR and ES, and 2018 for IT.

Final energy demand by sectors for international studies and national roadmaps

Looking at the final energy demand reduction by sectors reveals that the final energy demand
reduction is not split evenly across the sectors. Figure 7 differentiates the total final energy
demand reduction, as shown in Figure 4, by the main sectors: Industry, Transport and Residential/
Tertiary. It becomes obvious that the transport sector has to bear the largest share of final energy
demand reduction across all scenarios. As discussed in Chapter 5 in more detail, this reduction
does not result from lower mobility or reduced transport activities but from the increased use of
technologies with higher energy efficiencies, such as BEVs. Unlike the transport sector, the
industrial sector has the lowest reduction in energy demand across all scenarios. The results for
the residential/ tertiary sector(s), on the other hand, are mixed. For some scenarios, these sectors
reveal a strong decrease in the final energy demand, similar to the reductions in the transport
sector. In comparison, other scenarios see a rather moderate or low decrease in the final energy

EUCAR Document P 17 of 44



—

“ ¢ Evolution of the EU Energy System towards 2050
eucar Comparison of Selected Roadmaps and Reports

EUROPEAN COUNCIL FOR AUTOMOTIVE R&D

demand. This is presumably driven by the scenarios’ assumptions on the large-scale rollout of
energy-efficient technologies such as electric heat pumps and heating technology in buildings.

Figure 7 Reduction in final energy demand by sector compared to reference year by
international studies scenarios
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Source: Frontier Economics based on International Studies.
Note: The reference year is 2021 for DNV and WEO, and 2015 for TYNDP and EU Ref.

The data available on sector-specific final energy demand reductions in the national roadmaps is
limited to the German and UK roadmaps. Figure 8 shows the breakdown of final energy demand
reductions for 2030 and 2050 by sector. The results mirror those of the international studies
scenarios: the transport sector is expected to have the largest decrease in final energy demand,
followed by the residential sector and, finally, the industry sector. A notable exception is the final
energy reduction in the industry in 2030, according to the UK roadmaps, which exceeds the
reduction for the residential and transport sectors for this year. However, it is worth noting that
the UK's industry sector is smaller than Germany's (28% of GDP in Germany and 17% of GDP in
the UK in 2019).
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Figure 8 Reduction in final energy demand by sector compared to reference year by national
roadmaps (DE and UK)
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Source: Frontier Economics based on National Roadmaps.
Note: The reference year is 2019 for DE, 2020 for UK, FR and ES, and 2018 for IT.

Final energy demand by city and industry stakeholder roadmaps

The considered city and industry roadmaps do not offer much information on final energy demand
developments. However, where this is the case, the roadmaps appear to support the larger picture
of the international studies and national roadmaps in that respect:

e On transport, most city roadmaps do not include specific energy demand reduction targets.
Those that do, however, plan on a significant reduction, such as Vienna (final transport
energy demand reduction per capita of 40% by 2030 and 70% by 2040, compared to 2005,
respectively) and Munich (final transport energy demand reduction per capita of 50% by
2035 and 70% by 2040, compared to 2018, respectively).

e Similarly, most city roadmaps do not define concrete reduction targets for demand in the
building sector. Exceptions are Paris (reduction of energy demand by 35% in all social
housing stock by 2030 and 50% by 2050, compared to 2004 respectively) and Vienna (final
energy demand reduction in buildings per capita of 20% by 2030 and 30% by 2040,
compared to 2005, respectively).

e The industry stakeholder roadmaps remain very vague on demand reductions as well. There
are some general placeholders on efficiency, such as the pursuit of greater “operational
efficiency in our assets” (Shell), but no specific and significant reduction goals in the final
energy demand.

EUCAR Document P19 of 44



—

/eucq r Evolution of the EU Energy System towards 2050
Comparison of Selected Roadmaps and Reports

Key take-aways on final energy demand

According to the studies, the key to climate ambition is clearly reducing final energy demand vis-
a-vis increased energy efficiency. All studies suggest a moderate to strong decrease in final
energy demand. The level of climate ambition and the magnitude of final energy demand
reduction thereby are strongly correlated. The transport sector is expected to have the largest
decrease in final energy demand (relative) regarding final energy demand reduction.

4.2 Future electricity generation

In addition, electricity generation and further electrification are other relevant drivers of European
climate ambitions. They are, in many ways, the foundation for the decarbonisation of sectors and
applications currently powered by non-electric, carbon-emitting fuels.

Accordingly, all international studies foresee a moderate to strong increase in electricity
generation (see Figure 9). Again, scenarios with the highest climate ambitions tend to depict the
largest increase in electricity generation compared to the reference years, while the scenarios
with the lowest level of climate ambition show only a moderate increase.

Figure 9 International studies: Development of electricity generation
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Note: The reference year is 2020 for EU Ref and 2021 for WEO and DNV. TYNDP data for this reference year are
assumed to be identical to the EU Ref Scenario reference year.

Focusing on the development of the generation mix by technology, it becomes clear that
renewable sources are seen as the cornerstone for future electricity generation. Figure 10 shows
the development of the generation mix by international study. Across all scenarios, renewable
electricity generation will be the dominating generation source by 2050. In addition, nuclear
generation remains in use in all scenarios except for the TYNDP DE scenario, which is in line with
its overarching storyline. Coal generation de facto disappears in all scenarios (as expected), while
methane remains in the generation mix, even in the most ambitious scenarios.
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Figure 10 International studies: Development of electricity generation mix
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Note: The reference year is 2020 for EU Ref and 2021 for WEO and DNV. TYNDP data for this reference year are
assumed to be identical to the EU Ref Scenario reference year.

The national roadmaps reveal a similar picture but also reflect some existing national
particularities (see Figure 11). For the roadmaps where the relevant data is available, i.e.
Germany, the UK and France, electricity generation is envisaged to increase strongly until 2050.
In the case of the German scenarios, the T45-Strom scenarios show the strongest increase in
generation. The electricity generation mix will be dominated by renewable generation in 2050
across the scenarios, particularly in the German roadmaps. A noteworthy exception is the FR-
NO3 scenario for France, which predicts a half-half split between nuclear and renewable electricity
generation. It is the most ambitious French scenario regarding nuclear contribution in 2050. It
represents the opposite end compared to the FR-MO scenario, which assumes a nuclear phase-
out by 2050 and a 100% contribution to electricity generation from renewable sources. Hydrogen
plays a role in electricity generation in some national scenarios, especially in the UK. However,
in none of the scenarios, hydrogen is seen as a dominant source of electricity generation. The
Spanish roadmap does not publish electricity generation data but envisages a close to equal
capacity mix between renewable generation (wind, solar, etc.) and hydro. The Italian roadmap
did not provide a future electricity generation or capacity mix breakdown.
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Figure 11  National roadmaps: Development of electricity generation
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Note: Reference year is 2019 for DE, 2020 for UK and FR.. The Data in TWh is not available for France. The split in %
is based on statements for the respective scenarios. For FR-MO, they state that 100% of the generation will be

RES in 2050 and for FR-NO3 they state that the generation mix is evenly split between renewables and nuclear
in 2050.

Overall, international studies and national roadmaps are aligned on the prediction that electricity
generation will play an increasing role in the future, with a strong increase in electricity generation
until 2050, predominantly driven by the expansion of EU renewable generation sources.

4.3 Role of green hydrogen

As with renewable electricity sources, hydrogen is currently regarded as one of the cornerstones
of the European energy transition into a carbon-neutral future until 2050 and plays a very
prominent role in the current policy discussion. Nevertheless, the degree to which hydrogen is
part of the technology mix in the studies varies greatly.
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Figure 12 summarises the foreseen demand for hydrogen in total and by sector for those
international studies where this data is reported. Several observations can be noted here:

e The uptake of hydrogen demand for 2030 compared to today's reference years is very
limited across all scenarios. However, for 2050, some — but not all — scenarios foresee a
moderate to strong expansion of hydrogen demand across sectors.

e Among the depicted scenarios, similar to the reduction in final energy demand and
electricity generation, those with the most ambitious climate targets foresee the largest
increase in hydrogen demand.

e The scenario with the largest increase is the TYNDP GA scenario, which is as expected
since it showcases one of the highest reductions in CO2 emissions and depicts a world
where energy trade plays a major role and focuses on a wide range of technologies,
including hydrogen.

e Transport will account for approximately 30% to 40% of the hydrogen demand in 2050.
The industry sector is a large competitor for future hydrogen needs, but depending on the
scenarios, other sectors will also show a high demand for hydrogen.

Figure 12 International studies: Hydrogen demand by sector
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Source: Frontier Economics based on International Studies.

Reported results on hydrogen supply are even more limited than those on hydrogen demand
across international studies. Figure 13 shows the hydrogen supply by source for the TYNDP,
the study with the most comprehensive information available. It can be noted that

e Non-EU imports cover up to 30% of the hydrogen demand in the TYNDP GA scenario.
The imported hydrogen comes from green/ renewable sources.

e The hydrogen production within the EU is dominated by P2G (Power to Gas)
applications, either to hydrogen or to hydrogen derivatives.
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e Contrary to the TYNDP DE scenario, CCS and SMR/ATR play a role in the TYNDP GA
scenario. This is in line with the approach of a wide mix of technologies in the TYNDP
GA scenario.

Figure 13 Hydrogen supply by source for TYNDP scenarios
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Figure 32: Hydrogen supply for EU27

Source: ENTSOe/ENTSOg: TYNDP 2022 — Scenario Report, Figure 32.

The national roadmaps, where data is published, reveal a similar picture (see Figure 14). There
will be some hydrogen supply by 2030, but only in 2050 will significant amounts of hydrogen be
seen in the roadmaps. This is particularly true for the German roadmaps, where the hydrogen
supply is foreseen to multiply manifold. The German T45-Strom and T45-H2 scenarios rely on
hydrogen imports to a large extent, which is somewhat contrary to the international scenarios
(Note that the UK and IT do not report hydrogen imports and the magnitude of hydrogen imports
Is therefore unclear). The German T45-PtL scenario does not foresee any hydrogen import as it
iIs assumed that the final synthetic fuels are imported directly (e.g., liquid e-fuels rather than
hydrogen gas).

EUCAR Document P 24 of 44



—

“ ¢ Evolution of the EU Energy System towards 2050
eucqr Comparison of Selected Roadmaps and Reports

EAN COUNCIL FOR AUT

Figure 14 National roadmaps: Hydrogen supply by origin
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hydrogen imports.

Hydrogen and electricity from the industrial stakeholder perspective

Industrial stakeholders for hydrogen and electricity have been selected from both the demand
and supply sides. The study's industry stakeholders representing the supply side are Shell, Engie,
and Elia. Industry stakeholders representing the demand side in the study are ArcelorMittal and
Maersk.

Generally, the supply-side stakeholders largely mirror the overarching trends depicted by
international studies and national roadmaps. They plan to increase their renewable electricity
generation and (green) hydrogen supply. Demand-side stakeholders also focus on renewable
electricity and green hydrogen (derivatives) as inputs. See Figure 15 for some selected highlights
from the industry stakeholder roadmaps considered for this analysis.
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Figure 15 Hydrogen and electricity highlights from industry stakeholder

Doubling electricity sold from renewable electricity generation by 2030
Operating about 2.5 million electric vehicle charge points by 2030
Produce 8x more low-carbon fuels (hydrogen and biofuels)

Increase low-carbon fuels sales to >10% of transport fuels

50 GW of renewables capacity by 2025 and 80 GW by 2030

Hydrogen (and biomethane)to replace fossil gas in thermal assets

4 GW hydrogen production capacity and 1 TWh of storage capacity by 2030
700 km of dedicated hydrogen networks by 2030

Plans for purchasing renewable electricity power purchase agreements (PPA) and certificates
LYCCIGT T = Partial electrification of the steelmaking process through Electric arc furnaces (EAF)
= Use of green hydrogen in Direct Reduced Iron-Electric Arc Furnace steelmaking route

= |nvesting large sums in the development of high-voltage grids to support the integration of
renewable energy sources
= Support of electrification measures to increase flexibility on the demand side

Switching full operations on terminals and electric rail to renewable electricity based on PPAs
Deployment of electric heavy-duty trucks and electric or hybrid container handling equipment
Accelerate development of green marine fuel market (e.g. methanol derived from hydrogen)
Secured 5 mn tons of green methanol by 2030, 19 green methanol-enabled vessels ordered

Source: Frontier Economics based on Industry Stakeholder.

4.4 Insights on renewable fuels

Information and data on the role of renewable fuels in the EU road transport sector, such as
biofuels or e-fuels, are scarce and not consistently available across the considered international
studies. However, some studies tackle this topic to some (and varying) extent: The TYNDP across
its Distributed Energy and Global Ambition scenarios, the FVV IVb study, the WEO, and the DNV
study. The latter two are only on a global level, meaning their conclusions are only partly
applicable in Europe. In addition, the lack of comprehensive and consistent analysis across
studies means that any conclusions drawn should be treated with caution. The national roadmaps,
city roadmaps and stakeholder roadmaps considered in this report contain only very limited useful
information with respect to synthetic fuels. An exception is the road map for Germany, which
contains a separate scenario with high synthetic fuel uptake. The following summarises the key
take-aways from international studies on synthetic fuels.

TYNDP: For 2050, the TYNDP forecasts the share of ICEs (based on liquid fuels) in passenger
cars to be 1% in the Distributed Energy and 2% in the Global Ambition scenario, and in heavy-
duty trucks to be 3% in the Distributed Energy and 10% in the Global Ambition scenario!®. The
fuels for these vehicle types are carbon neutral. The Distributed Energy and Global Ambition
scenarios envisage hydrogen predominantly used in heavy-duty road transport (among shipping

15 Note that Error! Reference source not found. and Error! Reference source not found. subsumed not only liquid fuels but am
ong others methane under “ICE”.
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and aviation). Regarding hydrogen, fuel cells are seen as the dominant technology, while e-fuels
for ICEs play only a minor role. In addition, a small fraction of the available biomass is converted
to biofuels for the mobility sector. It remains, however, unclear for which part of the mobility sector
this is used. Synthetic methane plays a significantly larger role in 2050, with 1% and 4% of
passenger cars and 15% and 18% of heavy-duty trucks, for the Distributed Energy and Global
Ambition scenario, respectively.

Figure 16 TYNDP: Share of transport technologies in the road sector
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Figure 9: Share of transport technologles for EU27

Source: ENTSOe/ENTSOg: TYNDP 2022 — Scenario Report, Figure 9.

FVV IVb: This study considers the potential use of renewable fuels in detail. Contrary to most
other studies, FVV IVb projects a significant share of ICEs in 2050 among passenger cars (see
Figure 24): 95% of total vehicles, with fuel cell vehicles making up the remainder (5%) of the fleet.
The combustion technologies and fuel types present in that mix are quite diverse. In this scenario,
a quarter of the total vehicles in the fleet will use Fischer-Tropsch synthetic fuel and almost half
of the fleet will use methane. These are complemented by vehicles powered by direct H2
combustion (9%) and methanol to gasoline technology (14%). Among commercial vehicles, 60%
of the fleet are BEVs (see Figure 25). The rest of the commercial vehicle fleet is powered by 30%
fuel cells and 7% methane.

World Energy Outlook: Information on synthetic fuels is most explicit for the “Net zero scenario”
(NZE). This has not been included so far, as it focuses on global trends, with little specific insights
to Europe. As the name suggests, it depicts a global pathway to reach the net zero goal globally
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by 2050.16 This scenario assumes that conventional fuels are blended with biofuels in increasing
guantities until 2030. Thereafter, biofuels are instead increasingly used in aviation and shipping.
The reason is that electrification is seen to become the most cost-effective option to decarbonise
the road sector. Direct use of hydrogen and the use of low-emission synthetic fuels (e.g. synthetic
kerosene and ammonia) are seen to spread rapidly, but predominantly in long-distance modes of
transport, and mainly in aviation and shipping. In this scenario, electricity will cover nearly 90% of
road transport activities in 2050.

In addition to the NZE scenario, the WEO reports the global demand for liquid biofuels and low-
emission hydrogen-based fuels for the STEPS and APS scenarios. In 2050, those two fuel types
reach parity in the NZE scenario. In the STEPS scenario, low-emission hydrogen-based fuels are
basically not relevant and make up only roughly a third of the biofuel demand in 2050 in the APS
scenario. Figure 17 details the supply and demand of liquid biofuels in the WEO scenarios.
Considering the demand and supply side, it is clear that liquid biofuels are more likely to be used
in aviation and shipping instead of road transport, which is the more ambitious scenario with
respect to climate goals.

Figure 17 WEO: Global liquid biofuel demand and supply by scenario

Figure 7.8 = liquid biofuel demand and supply by scenario
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Liquid biofuel use increases in all scenarios, more than doubling to 2030 in the APS and

NIE Scenario, with increasing shares produced from non-food crop feedstocks

Note: Other includes other transport, industry, buildings and agriculture.

Source: International Energy Agency: World Energy Outlook (WEQO) 2022, Figure 7.8.

16 |In contrast, the WEO APS scenario analysed in the preceding sections of this reports achieves net zero by 2050 on EU level,
but not globally.
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DNV: The DNV Energy Transition Outlook 2022 tackles the topic of synthetic fuels, similarly to
the WEO, only on a global level, without any specific insights for Europe. Figure 18 shows the
forecasted global development of road energy demand and EV vs ICE vehicle splits. In this
scenario, the future vehicle stock in 2050 will be dominated by electric vehicles. “Alternative” fuels
such as hydrogen, synthetic fuels and biofuels are seen only to play a very minor role in the
vehicle stock. The same holds true with respect to road transport energy demand.

Figure 18 DNV: World road energy demand and vehicle stock
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Source: DNV: Energy Transition Outlook 2022, Figure 1.9.

Langfristszenarien Germany - T45-PtL/G: This scenario depicts a world in which, by
assumption, power-to-liquid and power-to-gas solution play a major role to achieve Germanys
climate targets. Figure 19Figure 19 shows the passenger vehicle (“Pkw-Bestand”, left side) and
heavy-duty vehicle (“Schwere Nutzfahrzeuge Bestand”, right side) fleet for all three main
scenarios of the Langfristszenarien Germany, including the T45-PtL/G scenario. For passenger
vehicles, the T45-PtL/G scenario foresees a significant role of vehicles driven by synthetic fuel
and diesel, complemented by synthetic fuels-based PHEV. BEVs still make up more than half of
all passenger vehicles. Heavy-duty vehicles in the T45-PtL/G scenario are dominated by gas-
driven trucks, followed by BEVs.
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Figure 19 Passenger and heavy-duty vehicle fleets in the "Langfristzenarien”
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Source: BMWHK: Langfristszenarien Deutschland; Webinar Verkehrssektor. Edited by Frontier Economics.

Note: Pkw-Bestand: Passenger vehicle fleet, Schwere Nutzfahrzeuge Bestand: Heavy Duty vehicle fleet, PHEV: Plug-in
Hybrid Vehicle, FCEV: Fuel Cell Electric Vehicles, HO-Diesel: Hybrid diesel with catenary line electricity, HO-BEV:
Hybrid battery electric vehicles with catenary lines.

EUCAR Document P 30 of 44



—

“ ¢ Evolution of the EU Energy System towards 2050
eucqr Comparison of Selected Roadmaps and Reports

5 Scenarios for the road transport sector

In the previous chapters, we have discussed the overarching assumptions and predictions of the
considered studies and reports with respect to their “implemented” level of overall climate
ambitions and their findings on key energy-related metrics such as final energy demand, electricity
generation, and the role of hydrogen. In the following chapter, we will discuss in more detail the
foreseen evolution of the transport sector, emphasising road transport.

5.1 Evolution of mobility

Understanding the foreseen developments in the transport sector requires understanding the
underlying assumptions of each study on the evolution of mobility patterns and volumes. These
assumptions are the fundamental drivers of how much and what kind of energy supply for mobility
will be needed and feasible.

International studies

Figure 20 shows the assumptions on passenger transport activity for the international studies
(where the data is available) in million passenger kilometres (pkm). The picture is unambiguous:
All international studies assume a moderate increase in passenger transport activity across all
modes of transport. The increase tends to be stronger for transport via train compared to road.
However, there is no change in the ranking of which transport mode is the most used. Thus, the
studies suggest that there will be no fundamental shift in means of transport.

Figure 20 International studies: Passenger transport activity
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Whilst the picture is clear on the total amount of mobility/ transport, it is not necessarily on the
vehicle stock. A constant or moderate increase in transport, e.g., via passenger cars, does not
necessarily translate into a constant or moderately increasing stock of cars. Vehicle stock might
even decrease depending on the assumption of mobility behaviour or patterns, e.g., how
efficiently a car is used (single rides vs. car-pooling, private ownership vs. car sharing, manual
driving vs. autonomous driving).

The data on vehicle stock is only available from the DNV and EU Ref studies, but it is sufficient
to depict the trade-offs (see Figure 21). While DNV sees the aggregated vehicle kilometres mostly
unchanged and EU Ref Scenario a light increase in passenger kilometres in the future, the
passenger vehicle stock is predicted to decrease according to DNV. At the same time, it continues
to increase in the EU Ref. The background is that the DNV study makes strong assumptions (for
high-income regions such as the EU) that they see a reduction in private car ownership, an
increase in the use of automated vehicles, and a stark increase in shared vehicles. However, data
availability does not identify a clear trend among the international studies.

Figure 21 Passenger vehicle stock by DNV and EU Ref scenario
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Figure 22 shows the transport activity for freight. A picture similar to the passenger transport
activity emerges: Almost all scenarios (with available data) assume a moderate increase in freight
transport activity (measured in tonne-kilometres) across all rail and road transport. One exception
is the DNV study, which assumes a decrease in rail freight transport. The rationale is that DNV
assumes congested rail tracks in Europe have limited space to expand and prioritises passenger
rail transport at the expense of freight rail transport.

Figure 22 International studies: Freight transport activity
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National roadmaps

Data availability regarding transport activity varies widely across the national roadmaps and is
quite limited compared to international studies. Germany, France, and the UK expect a general
increase in passenger transport activity. Germany also expects freight transport to increase
moderately. Italy, on the other hand, seems to expect a decrease in passenger km.

In terms of transport patterns, all national roadmaps rely on some moderate modal shift to some
extent.

e For Germany, the share of cars in passenger transport will moderately decrease while
the share of public transport, particularly rail, will increase. The same is assumed in
freight transport, where the overall transport activity (and, in fact, the number of trucks)
increases. However, transport activity via rail increases more profoundly, such that the
relative share of freight road transport decreases while the share of rail transport
increases slightly.

e Spain assumes a, in magnitude unspecified, modal shift for passengers from flights to
trains and from private vehicles to public transportation, cycling and car sharing. For
freight transport from road towards rail transport.

e France encourages modal shifts.
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Italy envisages a modal shift from private to public road and rail transport, the magnitude
of which is not further specified.

City roadmaps

Figure 23 summarises some selected highlights from the city roadmaps considered for this
analysis. The recurring and dominating topics and aspects within these roadmaps are

the promotion of cyclists, e.g. by creating new lanes and parking spaces

the expansion of public transport and

the decrease in transport by cars, e.g. by decreasing available parking spaces,
increasing parking fees, and rededicating car lanes for cyclists and pedestrians, among
others.

Some cities also plan to promote car sharing and pooling. On the other hand, some acknowledge
that cars play an important role in city mobility, even in the future. However, city roadmaps focus
strongly on the reduction of car usage overall. This is a stark contrast, e.g., to the international
reports' mostly “business-as-usual” futures. It is, therefore, worthwhile to consider some of the
underlying aspects of city roadmaps when interpreting these results:

Mobility patterns and transport planning are key areas for city governments to take action
and have an impact on.

In addition, city roadmaps often encompass non-climate goals such as better living
standards (less noise, air pollution, etc.).

Cities face a unique situation with relatively short distances travelled and a dense public
transport system.

Finally, it is important to point out that the discrepancies between the city roadmaps and
international studies might hint at an increasing divide in future mobility patterns between urban
and rural areas.
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Figure 23 Transport sector highlights from city roadmaps
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Source: Frontier Economics

Final energy demand in the transport sector

As shown in Chapter 1, according to the relevant scenarios, the transport sector has to deliver
the largest share of final energy demand reduction across all sectors. Considering the underlying
assumptions on transport activities, it becomes clear that this is not due to a decrease in overall
transport activity. Thus, if the reduction in final energy demand does not result from a reduction
in transport activity, it must result from increased energy efficiency. The following chapter will
focus on the development of the technology mix in the transport sector, which determines the
energy efficiency potentials.

5.2 Technology mix for the road transport sector

The future mix of technologies in the road transport sector, at the moment, is one of the most
uncertain aspects of the EU's path to carbon neutrality. In addition, the question of whether a
single technology or a mix of technologies will prevail has fundamental implications for the road
transport sector, as well as other energy consumers and suppliers. In this chapter, we will analyse
the predictions and underlying assumptions of the studies and reports considered regarding the
technology mix in the transport sector.
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International studies

The international studies that we consider show a highly diverse picture of the share of technology
in passenger road transport in 2050 (see Figure 24). The technology mix in 2050 ranges from
mainly ICE-V, to mainly BEVS, or being a mix of all technologies.

e The EU Ref scenario shows a mix of ICE-V, PHEV and BEV, with almost equal share of
BEV and ICE-V. However, this is also the most conservative scenario in terms of climate
ambition and one where the European Green Deal goals are not reached.

e DNV suggests a fully electrified passenger road mix. For the commercial road transport,
the envisaged mix looks similar but less pronounced: BEV make up around three
quarters of the vehicle stock, while the rest is still based on ICE vehicles, as well as a
small number of FCEV.

e The TYNDP scenarios see a mix between BEVs, FECVs and PHEVSs. In the Distributed
Energy scenario, BEVs are more dominant compared to the Global Ambition scenario.
This is in line with overarching story line of those scenarios, the Distributed Energy
scenario focusing stronger on distributed RES energy sources, which goes hand in hand
with a higher degree of electrification, while the Global Ambition scenario builds on a
vivid global energy trade, which involves the (relatively) strong presence of hydrogen,
hydrogen derivatives and generally a large mix of different technologies.

e Inthe FVV IVDb, the optimal GHG mix scenario still sees ICEs as the main technology for
car propulsion. However, the underlying assumption is that various fuels are available,
with the majority of e-fuels (liquid) and methane. In this scenario, also significant shares
of MtG and H2 combustion are included.
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Figure 24 International studies: Share of passenger car technology
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Europe 2023.

The highly diverse picture for road transport technologies is confirmed when the technology mix
in commercial road transport is examined (Figure 25).

¢ Inthe EU Ref scenario, there is no change compared to today’s status quo, meaning that
commercial road transport is mainly done with ICE vehicles.

e The DNV study sees a BEV share of roughly above 70%, which is the highest share
among all international studies.

e FVV IVb foresees a slightly lower but similar share of BEVs. Most of these BEVs in this
scenario use “catenary lines” or ERS (electric road system).

e Similarly to the technology mix in passenger cars, the TYNDP scenarios show diverse
technologies. Next to FCEVs, BEVs and ICE vehicles, this mix additionally contains a
somewhat significant share of hybrids.
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Figure 25 International studies: Technology share in commercial road transport
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Note: The reference year in 2020 is based on EU Ref.

The foreseen technology mixes of the different scenarios of the international studies reveal some
interesting key takeaways:

e First, all scenarios implementing a zero-emission goal in 2050 expect a mix of
technologies for future road passenger and commercial transport. Technologies with
relevant shares across these studies include BEVs, FCEVs, PHEVSs, and ICE-V. For ICE-
V, a wide array of fuels is considered, ranging from e-fuels and methane to MtG and
hydrogen combustion.

e Second, only one scenario expects the technology mix to be solely dominated by BEVs
for passenger road transport. The same holds for commercial road transport, where the
only scenario that sees a single dominating technology is the EU Ref scenario, which
does not achieve the net zero target in 2050.

This contrasts with the policy ambitions, especially for passenger transport, which focuses on a
single technology (i.e. BEV). Apart from this inconsistency, the different results between the
scenarios can largely be explained by the underlying assumption, particularly by the different
approaches these studies have taken. The EU Ref scenario basically depicts a business-as-usual
scenario, which, unsurprisingly, leads to a large remaining share of ICE-V in 2050. The DNV
scenario depicts a "most likely” future (based on what DNV considers the most likely pathway).
The TYNDP scenarios, on the other hand, are strongly based on policy assumptions, e.g. whether
or not we will develop into a distributed renewable electric-dominated world or rather an energy
world that is dominated by a global energy trade with a large variety of large-scale renewable
technologies. In contrast to all the above studies, FVV IVb models the optimal GHG mix, i.e. the

EUCAR Document P 38 of 44



—

/eucq r Evolution of the EU Energy System towards 2050
Comparison of Selected Roadmaps and Reports

pathway that will lead to the lowest cumulative emissions up until 2050. It is, therefore, no surprise
that these results differ.

National roadmaps and city roadmaps

The results of the national roadmaps are, contrary to those of the international studies, rather
leaning towards BEVs as the dominant technology in the road transport sector. Only Germany
considers other technologies than BEVs, namely in its T45-H2 scenario, whereby 2050, around
50% of passenger cars will be hydrogen-powered, and its T45-PtL scenario, which foresees a
diverse mix between BEVs and hydrogen derivatives as propulsion technologies. The other
national roadmaps assume that the direct use of electricity in the passenger vehicle fleet is the
way to reach carbon zero.

In contrast, the technology mix for light and heavy-duty road transport is more in line with
international studies. The national roadmaps for all countries assume a mix of fuels for the road
freight sector, ranging from electricity to synthetic methane or other synthetic fuels that are not
further specified. In addition, in the UK and German hydrogen scenarios, hydrogen is considered
an important fuel for this sector (via fuel cell electric vehicles).

City roadmaps focus almost exclusively on electricity as the dominant road transport technology
in the future. Thus, they envisage almost entirely an electric vehicle fleet for road transport by
2050. Some city roadmaps, however, are open to hydrogen as a potential alternative to electric
vehicles, particularly for commercial and heavy transport.

Overall, the differences in the envisaged road transport technology mix between the international
studies, that national roadmaps and the city roadmaps are a result of the outset and frame of the
studies’ context. International studies predict different futures based on different climate ambitions
and policy approaches. Their results represent a “what will happen under these assumptions”
scenario. National roadmaps, on the other hand, by definition, all reach net zero by 2050. In
addition, these roadmaps represent pathways that these countries want to be on, given their
climate targets. This is even more pronounced for the city roadmaps. Their influence on transport
propulsion technologies is limited, while at the same time, they aim to formulate a pathway to net
zero. As a result, these roadmaps focus mainly on BEVSs.
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) Main findings

The international studies, national, city, and industry stakeholder roadmaps, and their scenarios
considered for this meta-analysis all depict various pathways for the EU energy sector to 2050.
Although they overlap in many aspects, differences can be observed, which originate from the
different purposes of the studies and varying assumptions that have been made.

The level of climate ambition displayed in international reports exhibits significant variations.
While some reports project ambitious targets, others aim for more conservative objectives.
However, the national, city, and industrial roadmaps universally commit to achieving climate
neutrality by at least 2050.

Electricity generation is predicted to undergo substantial growth and play a central role in all
scenarios and roadmaps. The expansion of electricity generation is predominantly based on
domestic renewable energy sources (inner EU RES capacities).

Hydrogen and its derivatives are included in all scenarios and roadmaps, signifying their
importance in the climate agenda. However, specific volumes and numbers are only disclosed in
a few studies. Here, scenarios with high hydrogen demand tend to envision a significant share of
imports, indicating the need for international cooperation in this area.

Energy demand is predicted to decrease across the studies considered. In addition, the
magnitude of the decrease in demand appears to be linked to the level of climate ambition,
indicating that energy efficiency plays an important role in meeting ambitious climate targets.
Reports consistently highlight that the transport sector has to bear the biggest relative share in
reducing final energy demand. This reduction is primarily achieved through the adoption of more
efficient technologies, particularly via direct electrification, rather than a decrease in overall
transport activity.

International studies largely foresee no significant changes in mobility means, with slight
increases in transport activity across all modes. However, DNV (on passenger transport) and
many City Roadmaps diverge from this trend by envisioning a strong development in autonomous
driving and car-sharing, leading to reduced privately owned passenger car stocks. Additionally,
almost all national roadmaps anticipate a moderate modal shift, transitioning from cars and road
freight to rail, potentially resulting in decreased passenger car stock.

International studies present different technology mixes for passenger transport. Scenarios range
from BEV or ICE-V-dominated futures to a wide range of technology mixes, which also include
FCEV. On the other hand, city roadmaps emphasise the electrification of passenger vehicles.
National roadmaps lean towards a high degree of electrification for passenger and commercial
road transportation technologies.
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Annex A: Scenarios and roadmaps considered

The following scenarios and roadmaps have been considered for this meta-analysis:

International Studies:

IEA: World Economic Outlook 2022

EU: EU Reference Scenario 2020 (Primes)

ENTSOe/ENTSOg: Ten Year Network Development Plan (ENTSOE / ENTSOG)
DNV: Energy Transition Outlook 2022

FVV IVb: Transformation of mobility in the GHG-neutral and post fossil age

National Roadmaps:

Germany: Langfristszenarien, Bundeswirtschaftsministerium

France: Synthése scénario de référence SNBC-PPE, Direction Générale de I'Energie et
du Climat (2020)

Spain: Estratega de descarbonizacion a largo plazo 2050, Ministerio para la transcion
ecolégica y el reto demografico

Italy: Strategia Italiana di lungo termine sulla riduzione delle emissioni dei gas a effetto
serra, Government of Italy

UK: The Sixth Carbon Budget

City Roadmaps:

Amsterdam: Roadmap Amsterdam Climate Neutral 2050 (2020)
Madrid: Roadmap to climate neutrality by 2050 (2020)

Milan: Piano AriaClima

Paris: Paris Climate Action Plan

Vienna: Wiener Klimafahrplan — Unser Weq zur klimagerechten Stadt

Munich: Klimaschutzziel und -strategie Muinchen 2050

Industry Stakeholder Roadmaps:

Shell (Oil & Gas): Shell Energy Transition Strateqy

Engie (Power Generation, Energy Trading): Climate Report TCFD Report 2022

ArcelorMittal (Steel Production): Climate Action Report 2

Elia (Power Transmission): Sustainability action plan ACT NOW

Maersk (Shipping): Towards a zero-carbon future
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Annex B: Glossary

ATR

BEV
Ccs/ccu
FCEV
GDP
GHG

GW

H2

EAF

ICE

LCV

LDV
PHEV
Pkm

PPA

RES

PtG (P2G)
PtL (P2L)
PtM (P2M)
SMR

Tkm
TYNDP
WEO

Auto-Thermal Reforming

Battery Electric Vehicles

Carbon Capture and Storage/ Usage

Fuel Cell Electric Vehicles
Gross Domestic Product
Green House Gases

Giga Watt

Hydrogen

Electric Arc Furnaces

Internal Combustion Engine
Light Commercial Vehicles
Light Duty Vehicles

Plug-in Hybrid Electric Vehicle
Passenger kilometres

Power Purchasing Agreement
Renewables

Power to Gas

Power to Liquid

Power to Methane

Steam Methane Reforming

Tonne kilometres

Ten Year Network Development Plan

World Energy Outlook
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