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The European Union's energy system s on a path of transformation that
should allow it to achieve a net-zero emissions target by 2050. However,
thereare many challengesaheadand achieving thistarget requires making
profound structural changes. In this context, the present report, drafted at
therequest of the European Parliament's Committee on Industry, Research
and Energy (ITRE), looksat what would be the consequencesif the EU does
not take further ambitious and united action in the transformation of its
energy system. The cost of non-Europein this area is estimated at up to
5.6 % of EU GDP in 2050, and avoiding this will require EU budgetary,
regulatory and coordination action. The benefits would be many,including
averted environmental costs and damage, and more sustainable and
prosperous societies emerging as a result of a just and fair transition. The
report recommends several EU actions to ensure a successful
transformation: ambitious EU financing levels in addition to Member
States’ resources to support innovation in clean energy technologies;
making sure that any financial burden of energy transformation is shared
fairly and in a transparent way; ensuring a well-functioning, non-distorted
andintegratedinternal energy market; as wellas ensuring more strategic,
united and credible energy security policy, coupled with global EU
leadership in multilateral cooperationin energy transformation.
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EU energy system transformation

Executive summary

The move towards more harmonised European Union (EU) energy policies has always been at the
heart of the European project, aslarge savingsfrom collective action could be expected in this area.
As aresult,amoreintegrated EU internal energy markethasgradually emerged asa reality,although
much more needs to be done to arrive at a more efficient organisation and to ensure further
beneficial convergence. Facing and understanding the ongoing climate crisis, the EU has also been
at the forefront of combining energy and climate policies to reduce greenhouse gas (GHG)
emissions following its international commitments underthe Kyoto Protocol. After overa decade of
pursuing ambitious climate and energy policies, the EU has already achieved some progresssuchas
producing 20 % of energy from renewable energy sources, improving its energy efficiency and
effectively reducing GHG emissionsfromsectors underthe EU emission trading system. In 2021, the
EU stepped up its ambition with proposals for a new set of actions across all sectorsto set theright
trajectory for the EU economy to efficiently achieve climate neutrality by 2050. Most importantly,
this objective is underpinned by alandmark, legally binding European Climate Law that makes the
EU one of few main global emitters to have made such a strong binding commitment to
achieving climate neutrality by mid-century.

Thereare many challengesahead on theroadto a zero net-emitting EU energy system by 2050 (see
Chapter 2). How successful the EU is in decarbonising its energy industries, that are still
responsible for 80 % of EU GHG emissions, will be key for the overall success of the European
green transformation and the climate neutrality of the EU economy in a broader sense. Action
taken on decarbonising the EU energy system in the coming years will determine not only the
potential net monetary impacts and successes of achieving the final environmental target of net
zero emissions in 2050 but also whether thetransformation is just and fair to alland contributing to
achieving a sustainable and prosperous society boasting a modern, resource-efficient and
competitive economy.’

More specifically, the presentreport, drafted at the request of the European Parliament's Committee
on Industry, Research and Energy (ITRE), looks at the EU objective of achieving the decarbonisation
of its energy system by 2050 from a perspective of what would happen without ambitious and
united EU action in this area. It aims to establish what the cost of non-Europe would be if the EU
does not step up its efforts towards achieving energy transformation. It estimates the potential
environmental, social and macro-economic consequences in a decade (2030), and three decades
(2050), from now. At the same time, the report presents quantifications of the potential benefidal
role that the EU could play if common budgetary, coordination and regulatory actions are stepped
up until 2050. The report also reviews progress made over recent years as well as analysing future
opportunitiesfor boosting the energy industries' effective actions in the context of the EU economic
recovery, and the investments necessary to achieve net-zero emissions for the energy system in
2050.

The underpinning study in Annex Il as well as the complementary quantitative estimations and
analysis done in this report (see Chapter 3) indicate that many of the key challenges associated
with the transformation of the EU energy systemcould be difficult to overcome efficiently and
effectively if no further common and determined EU action is taken. Ensuring rapid
development and deployment of the green technologies needed for decarbonising energy use in

' Asenvisaged in the European Green Deal. European Commission, The European Green Deal, COM(2019) 640 final.
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sectors that are difficult to decarbonise, while also reinforcing EU global competitiveness and
leadership in some of these technologies, would also be achieved more rapidly and efficiently if
donein a concerted way. Moreover, some society-and policy-related challenges, such as ensuring
an appropriate non-distortive EU carbon price signal is sent to the internal market, are more
effectively addressed atthe EU level. At the same time, the distributional effects of this pricing could
be addressed at the EU level so that the transformation ensures continued convergence and
strengthens EU social and economic cohesion, while being fair and inclusive. Finally, given the
constraints placed on publicfinancesas a result of the coronavirus pandemic, the appropriate levels
of financing dedicated to energytransformation could alsobe allocated at EU level, thus reinfordng
the Member States' national budgetary spending.

The cost of non-Europe in EU energy-system transformation is estimated to be worth up to
5.6 % of EU GDPin 2050 stemming from EU budgetary, regulatory and coordination actions, and
including averted environmental costs and benefits froma fair transformation. Actions in that field
will have boosted the EU economy by around 3.3 % of EU GDP or €464 billion in 2030 and by up to
5.6 % or more than €1 trillion in 2050 (see Table 1). An analysis of the quantitative results done both
in this report and in Annex |l therefore confirms that the EU climate and energy policy is an area
where an ambitious and united EU approach could be key to boosting EU GDP, competitiveness and
sustainability. However, failure to arrive at common approaches in this area, in particular through
collectively addressing volatile energy prices and systemic risksemerging fromthe dependency of
the EU from external suppliers would result in the non-materialisationof some or of the entirety of
the potential benefits reported in Table 1. In that respect, in a context of increasing uncertainty,
systematically stress-testing ongoing initiatives and moving away from feel-good agendas and
towards a more strategic vision would be essential, as preparednessand foresight prove beneficial
in increasing resilience and robustnessin times of crisis.

Table 1 - Computation of the CoNE, summary:Ambitious and united EU action in 2030 and 2050 vs
baseline (€billion per year)

Averted costs of climate change-related damages 125

Benefits from climate-related NGEU investments 24 31 37
fBuenn;Sfits from climate-related MFF investment and cohesion 27 33 66
Benefits from climate-related MFF RD&I spending 0 14 55
Benefits from EU ETS 14 14 96
Benefits from further energy sector integration 4 53 53
Benefits from the development of renewable energy 7 61 94
Benefits from increasing energy efficiency 11 88 126
Benefits from the Taxonomy Regulation 0 12 39
Benefits from afair transformation 12 33 261
CoNE 129 464 1029

Source: Authors' own calculations.
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More specifically, the analysis (see Chapter 3.1) reveals that keeping the global temperature rise at
1.5 degrees Celsius would avert damages worth €203 billion per year. With regard to the impact of
climate-related EU budgetary actions (see Chapter 3.2), the report finds that climate-related NGEU
investment could bring long-term benefits of €37 billion per year, while benefits from climate-
related EU investment and cohesion funds, and benefits from climate-related EU RD&I spending,
could reach respectively €66 and €55 billion per year. The EU emissions trading system (EU ETS)
has the potential to provide benefits worth €96 billion per year (see Chapter 3.3) through the
efficiency gains that it ensures compared to non-economic approaches and through the double
dividend generated by revenue recycling.

With regard to the integration of the energy market (see Chapter 3.3), its full integration could
bring potential gains to theEuropeaneconomy of at least€53 billion per year. This includes a gain
of €25 billion per year related to the further integration of the electricity market and €28 billion per
year related to the further integration of the gas market.Further development of renewable energy
andrespect for the EU targets in this areawould bring €94 billion per year. This includes €27 billion
from reduced EU dependency on fossil fuel imports. Achieving increased energy efficiency in the
range of the EU target of 40 % by 2030 would bring economic benefits worth €126 billion per year.
This includes €36 billion from reduced EU dependency on fossil fuel imports. The EU Taxonomy
Regulation, by improving clarity onwhatresponsible energyinvestment means and by encouraging
environmentaland social governance,would help increase EU GDP by €39 billion per year.

Finally, by ensuring a fair transformation where no one feels left behind, the EU could ensure that
there would be an additional benefit of €261 billion per year (see Chapter 3.4). Here, there is a risk
that a lack of common EU strategic action to address volatile and increasing energy prices could
substantially reduce this positive expected impact, notably through the effect on energy
affordability and energy poverty.Theresultsthusindicate that shaping a fair continent-wide energy
policy that ensuresaffordable energy priceswould provide higherresilience in times of unexpected
anddistortive events.

Based on the quantifications related to the potential costs and benefits of further ambitious and
united EU action on energy transformation towards climate neutrality, this report proposes taking
some key actions (see Chapter4). First, the EU should ensure ambitious and long-term adequate
financing of the energy transformation with a particular renewed and increased focus on
innovation. This would be necessary to help develop and deliver key carbon-neutral technologies
to the market and allow the EU to reinforce its global competitive advantage. Second, the EU should
ensure a fair transformation so that no one feels lefts behind. This would need targeted action,
in particular catering tothe needs of poorand vulnerable households, toreduce energy poverty and
in generalto make sure that thefinancial burden of energy transformationis shared fairly andin a
transparent way between energy exporters, energy providers, consumers and taxpayers. Third,
ambitious and united EU action could help ensure a well-functioning and integrated internal
energy market. A harmonised energy market can only be achieved if EU Member States avoid
distortive subsidies, further develop common standardisation and infrastructure for green
technologies as well as strengthen EU security of supply and reduce dependencies through
increased diversification of supply and possibly through collective purchasing of energy. Fourth, the
EU could act on ensuring a more strategic, united and credible energy security policy as well
as global multilateral cooperation in energy transformation. This would require, among other
things,a more united approach towards third-country energy suppliers, broader use of the euro in
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energy-related international agreements and non-binding instruments, and developing a WTO-
compliant carbon mechanism on the EU's external border to ensure that EU industries remain
competitive throughout the energy transformation process.
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1. Introduction

1.1. A cost of non-Europereport on EU energy transformation

This report, preparedat therequestof the European Parliament's Committee on Industry, Research
and Energy (ITRE), is meant to provide support to the Members of the European Parliament (MEPs)
in their work on the EU objective of achieving climate neutrality? by 2050, of which a successful and
deep energy transformation is an essential aspect.

Cost of non-Europe (CoNE) reports prepared by the European Added Value Unit of the European
Parliamentary Research Service are designed to study the possibilities for gains and/or the
realisation of a public common good through action at EU? level. These reports attempt to
identify areas where deeper EU integration can bring benefits and for which the European added
value (EAV) is potentially significant. CONE reports aim to contribute to evidence-based policy-
making and to the extent possible try to providequantitative estimates of theconsequences of non-
action at EU level.

In this context, the present CoNE report seeks to provide a reliable estimate of the potentially
measurable gains to the EU economy from the various climate- and energy-related EU policy
initiatives. It does not claim to make exact predictions, but rather to illustrate the share of the
possible efficiency gains that could be realised from ambitiousand unitedaction. More specifically,
this CoNE report aims to inform its readersabout:

> the global outlook regarding the energy transformation, whether it is still possible to
achieve climate neutrality by 2050 and what the EUrole in this process is (Chapter 1)

> existing challenges related to transforming the EU energy system to achieve carbon
neutrality by 2050 (Chapter 2)

> different potential environmental, macroeconomic and social impacts if thereis no
further ambitious EU-level action related to the transformation of the energy system?
(Chapter 3)

7> priority actions that could be taken at EU level to address the identified challenges
(Chapter 4)

This report largely builds on the results of the study described in Annex Il. However, as the study
does not evaluate all EU actions in detail and, in order to avoid basing the EAV computation on
results from a single model, the analysis presented in the report was broadened and enriched. In
particular, the report points to the savings that can be made by averting potential environmental
costs that would otherwise arise if ambitious energy transformation at EU level is not pursued
further. The report also presents a broader context to challenges, impacts and priority EU-level
actions that relate to energy transformation. Furthermore, it systematically recalls and uses the
results obtained by other publically available macro-economicanalyses. Therefore, the EAV results
presented in the report cover the environmental, economic and social effects associated with
reaching carbon neutrality in 2050.

Climate neutrality isunderstood here as net-zero emissions meaning that still some greenhouse gas emissions might
occur but they are neutralised either through carbon dioxide removal and sequestration or through carbon removals
by protecting and restoring carbon sinks (e.g. forests).

EU-27, unless specified otherwise.
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The baseline scenario in this report does notforesee carbonneutrality in 2050. It corresponds to the
EU reference (REF) scenario of July 2021,* which updates the previous version published in 2016.°
This report compares the results® with a scenario of more ambitiousand united EU action leading to
reaching 55 % less GHG emissions by 2030 and net-zero emissions by 2050 (MIX55);” this scenario
was selected as a baseline for the study in Annex|Il.2 Regarding the environmental cost of inaction,
this report also simulates additional counterfactual scenariosto illustrate the large impact of no-EU
actioninthearea of energy transformation.

Regarding the sectorscovered in this reportand in line with the study in Annex|, the reportfocuses
on domesticenergy-related CO,emissions and on the main sectorsof the EU economy responsible
for these emissions: energy industries, buildings, industry and transport. It lays out different
scenarios, which analyse these sectors' potential future greenhouse gas (GHG) emissions
reductions,’ estimate the related EU budgetary appropriations needed for limiting these emissions
andthe associated macroeconomic effects (e.g.on GDPand on employment). Alongwith the focus
on these economic sectors, the report assesses the key challenges related to the energy system,
society, policy and finance. These are taken from the study in AnnexII' as well as from publicly
available literature listed in the references. The report also evaluates the impacts of further non-
action at EU levelin terms of lost environmental and macroeconomic benefits that would otherwise
accrue through EU budgetary and regulatory action. Prices used in the quantitative analysis
(Chapter 3) arerelative to the baseline GDP expenditure measure at market prices (theyear 2010, €)
in the EU-27 in the baseline scenario of the study in AnnexIl.

Regarding some of the limitations of this report, it has to be noted that there are potential large
benefits from the reduction of other types of pollution in the net-zero scenario.' The report does
not directly investigate these limitations. Similarly, the adoption of some new GHG-reducing
technologies might also have adverse environmental effects and lead to additional emissions or
other environmental externalities. Again,these mattersarenotdirectly examinedin this report. Also,
considering the selection of sectors, the data presented in this reportdo not include GHG emissions
produced by agriculture,land use, land-use change and forestry, and waste management.

European Commission, EU reference scenario 2020 — Energy, transport and GHG emissions: trendsto 2050, July 2021.
The Reference Scenario is a 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. It reflects policies and market
trends used by policymakers as baseline for the design of policiesthat can bridge the gap between where EU energy
and climate policy stands today and where it aims to be in the medium- and long-term, notably in 2030 and 2050.

The study in Annex Il uses REF2016 as a reference scenario because its manuscript was completed before the
publication of REF2020 and before the publication by the European Commission of the 'Fit for 55' package of
proposals on 14 July 2021.

The reference scenario builds on EU and Member State policies. This scenario is based on the EU energy, transport,
and climate acquis as of the end of 2019. National policiesaccounted for in the reference scenario include the main
ones laid out in the national energy and climate plans (NECPs) and in other national plans put forward as of the end
of 2019.

This correspond to the MIX55 scenario in the study in Annex Il. MIX55 is an extension of the MIX scenario in the

European Commission Impact assessment. It combines regulatory and carbon pricing instruments, which realise 50-
55 % GHG emissions reductions by 2030 and net-zero emissions by 2050.

For more details, see Chapter 3 below.

GHG emissions refersto CO, domestic energy-related CO, equivalent emissions (in MtCO.eq).

For the methodology employed in selecting the key challenges involved in accomplishing the EU energy
transformation from an energy supply and demand perspective, see O. Hoogland et al., 2021, Chapter 2.

The net-zero scenario in the study in Annex Il that achieves net zero GHG emissions in 2050 does not include other
emissions than greenhous gases.


https://op.europa.eu/en/publication-detail/-/publication/96c2ca82-e85e-11eb-93a8-01aa75ed71a1/language-en/format-PDF/source-219903975
https://eur-lex.europa.eu/resource.html?uri=cellar:749e04bb-f8c5-11ea-991b-01aa75ed71a1.0001.02/DOC_1&format=PDF
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1.2. The need for an effective, fair and inclusive global energy
transformation

Energy systems play a pivotal role in our economies and societies. They ensure security of supply,
allow economies to grow as well as ultimately contribute to wellbeing. At the same time, energy
systems have a heavy impact on the environment, as the majority of global energy supply comes
from GHG-emitting fossil fuels.”> On a global scale, the latest available data show that despite an
economicdownturnin 2020 due to the coronavirus pandemicand the ensuingrecord-low global
energy demand,'in 2021 there will be a rebound effect in both trends.' Consequently, in 2021 the
GHG emissions from energy systems will increase again compared to the pre-pandemic levels of
2019, after a historic drop in 2020." Data analysis and projections of 2021 energy supply and
demand show that the Covid-19 crisis will not significantly change the current decarbonisation
trends in the global energy system (Enerdata, 2021; IEA, 2021a) and the two indicators — energy
intensity and the carbon factor'” - should both revert to their trendsfrom before the pandemic.

Climate science has shown that reinforced international cooperation towards an energy
transformation from carbon intensive fossil fuel-based energy systems is urgent and necessary
for limiting the worst effects of climate change and keeping the atmospheric temperature rise well
below 2°C compared to pre-industrial levels (1850-1900) as agreed in the Paris Agreement of 2015.™
Emissions coming from energy systems constitute the main source of human-caused climate
change and account for over three quarters of all global GHG emissions (Climate Watch Historical
GHG Emissions, 2021). Meanwhile, at the global level, there has been insufficient progress in
curtailing global warming and GHG emissions have gone up 50 % since 1990 (Climate Watch
Historical GHG Emissions, 2021). The energy transformationis taking place too slowly and unevenly
(WEF, 2021). Emissions have been constantly rising, particularly in countries that have decided to
follow a path of economicdevelopmentstillunderpinnedby vast increases in unabated fossil fuels
like coalin their energy mix. Moreover, long-termprojections show thatglobal energy demand will
be growing together with global population growth. This forcefully suggeststhat to be successful,
the energy transformation should be addressed in a multilateral framework and involve more
international cooperation.

Furthermore, recent gilets jaunes protests in France have recalled that the energy
transformation should be fair. It should not only ensure clean and sustainable energy but should
at the same time create energy systems that are inclusive, affordable and secure (SDSN - IDDR],
2015). There are numerous challenges associated with meeting these goals. It has been recently

Energy emissions coming from: energy production and use in buildings, electricity/heat, fugitive emissions,
manufacturing/construction, other fuel combustion and transportation.

World GDP decreased by 3.5 % in 2020 compared to pre-pandemic 2019 levels.

4 Decrease by 4 % in 2020 compared t0 2019.

> GDP: +6 % and energy demand: +4.6 % compared to 2019. https://iea.blob.core.windows.net/assets/d0031107-401d-
4a2f-a48b-9eed19457335/GlobalEnergyReview2021.pdf

6 Projected increase of 4.8% in 2021 after a drop of 58% in 2020 compared to 2019.

https://iea.blob.core.windows.net/assets/d0031107-401d-4a2f-a48b-9eed19457335/GlobalEnergyReview2021.pdf

Energy intensity signifies the energy consumption per GDP, while the carbon factor is a ratio of CO, emissions per

tonne of oil equivalent (toe) of energy consumed.

The Paris Agreement is the first universal binding agreement signed by governments to limit global warming to well
below 2°Cand ideally keep it at maximum 1.5°C above pre-industrial levels.


https://iea.blob.core.windows.net/assets/d0031107-401d-4a2f-a48b-9eed19457335/GlobalEnergyReview2021.pdf
https://iea.blob.core.windows.net/assets/d0031107-401d-4a2f-a48b-9eed19457335/GlobalEnergyReview2021.pdf
https://iea.blob.core.windows.net/assets/d0031107-401d-4a2f-a48b-9eed19457335/GlobalEnergyReview2021.pdf
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
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estimated that unless efforts are scaled up and inequalities addressed, the goal of clean and
affordable energy by 2030 risks to not be met (IEA, IRENA, UNSD, World Bank, WHO, 2021). Energy
access " is still uneven; in the European Union, almost 7 % of those surveyed said they would not
afford to heat their homes sufficiently.?® These trends could get worse, especially in the most
economically vulnerable regions, due to the recession provoked by the coronavirus pandemic
Moreover, the recent surgein gas prices?' posesarisk of stark increasesin gas and electricity prices
for householdsthis winter, furtherexacerbating energy poverty. This places even stronger emphasis
on the need for more preparedness, more political will and more strategicaction in this areaat EU
level. As shown by some recent crises, a policy of fragmentedresponse lacking a strategiclong-term
andvisionary approach could prove to be extremely costly.

Finally, the energy transformation needs to be accepted and understood at an individual level.
This means that the transparency of the process should be ensured, that all actors should be
consulted and all citizens involved. In the EU, the European Parliament (EP) has a key role to play
to make sure thatEU citizens and their representativesare fully involved at all levels in the decision-
making process of the energy transformation. The EP has been vocalin its resolutions? on the need
for inclusiveness during the transformation to climate neutrality and the importance of active
participation by all of society 'based on genuine dialogue and transparent and participatory
processes'. It has also emphasised at several occasions that climate action has to be socially fair,
equitable and science-based. Moreover, it has advocated for access to justice in environmental
matters throughout theclimate transformation process, in accordance with existing legislationand
relevant case law.

1.3. Global net-zero GHG emissions by 2050 still possible with
renewed ambition and visionary leadership

The latest research onenergy transformation, which factorsin some of the impact of the coronavirus
pandemic, confirms that the current decarbonisation trajectory does not place the world on
track to achieve global net-zero emissions by mid-century (IEA, 2021; UNEP, 2020). Current
policies, if continued without more ambitiousaction, could resultin an average temperature rise of
2.7°C* - 2.9°C by 2100 (Climate Action Tracker, 2021). According to the latest assessments, even if
fully implemented, governments' current net-zero target pledges and national determined
contributions (NDCs), which cover over 70 % of global CO, emissions, do not allow us to reach the
Paris Agreement target of a 1.5°C temperaturerise (ClimateAction Tracker, 2021; IEA, 2021). Instead,
a global average surface temperature rise in 2100 could be at 2-2.1°C (Climate Action Tracker,

Meaning access to electricity and clean cooking facilities.

20 See Eurostat (2021), Can you afford to heat your home? Accessed at: https://ec.europa.eu/eurostat/en/web/products-

eurostat-news/-/ddn-20210106-1?redirect=/eurostat/en/news/whats-new

21 See, for example: https://www.reuters.com/business/energy/global-markets-gas-2021-09-20/ and

https://www.euronews.com/2021/09/23/why-europe-s-energy-prices-are-soaring-and-could-get-much-worse.

22 European Parliament resolution of 28 November 2019 on the climate and environment emergency (2019/2930(RSP));
European Parliament resolution of 15 January 2020 on the European Green Deal (2019/2956(RSP)); European
Parliament legislative resolution of 24 June 2021 on the proposal for a requlation of the European Parliament and of
the Council establishing the framework for achieving climate neutrality and amending Regulation (EU) 2018/1999
(European Climate Law) (COM(2020)0080 — COM(2020)0563 — C9-0077/2020 — 2020/0036(COD)).

See the STEPS scenarioresults in:IEA (2021), Net Zero by 2050, IEA, Paris.
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https://ec.europa.eu/eurostat/en/web/products-eurostat-news/-/ddn-20210106-1?redirect=/eurostat/en/news/whats-new
https://ec.europa.eu/eurostat/en/web/products-eurostat-news/-/ddn-20210106-1?redirect=/eurostat/en/news/whats-new
https://www.reuters.com/business/energy/global-markets-gas-2021-09-20/
https://www.euronews.com/2021/09/23/why-europe-s-energy-prices-are-soaring-and-could-get-much-worse
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2019/2930(RSP)
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2019/2956(RSP)
https://www.europarl.europa.eu/doceo/document/TC1-COD-2020-0036_EN.html
https://www.europarl.europa.eu/doceo/document/TC1-COD-2020-0036_EN.html
https://www.europarl.europa.eu/doceo/document/TC1-COD-2020-0036_EN.html
https://iea.blob.core.windows.net/assets/beceb956-0dcf-4d73-89fe-1310e3046d68/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf
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2021).**Nevertheless, thesepledges are a step in the rightdirection and need to be complemented
further with NDCs target updates this year in advance of the UN Conference of the Parties (COP26)
in Glasgow.

Since the signing of the 2015 Paris Agreement, the world has seen a steep increase in climate
neutrality pledges and tangible effects of some implemented policies. * However, as of 21 April
2021, only 10 % of global emissions were covered by legally binding net-zero commitments
adopted by governments (IEA, 2021). For the EU, this percentage has increased since thatdate, as a
result of the adoption of the European Climate Law.?® Also,at the Leader's Summit on Climate, which
took place on 22-23 April 2021 at the initiative of the United States President, Joe Biden, the US,
Japan and Canada announced their new 2030 NDCs.? After years of relative inaction and lack of
leadership on this issue, the US is currently legislating a clean future act that proposes to set a
national goal of net-zero emissions by 2050 and an interim goal of reducing GHG emissions by at
least 50 % by 2030 (compared to 2005 levels). China, which announced in 2020 that its emissions
could peak by 2030 and that it could reach carbon neutrality by 2060, pledged at the summit to
strictly control coal consumption between 2021 and 2025 and to start phasing out coal between
2026 and 2030 (Climate Action Tracker, 2021). Moreover, the net-zero targets need to be backed by
real-world action and interim 2030 emission reduction goals. While these pledges cannot be
downplayed, what willhowever be moreimportant is their effectiveimplementation with concrete
actions and measured reduction of emissions. So far, despite more than 21 years of commitments
since theKyoto Protocol, tangible results have remained elusive at global level. Achieving climate
neutrality at a global scale is therefore still possible but only if mitigation efforts arestepped up.
In practice, this means that more countries need to develop and implement long-term
decarbonisation strategies consistent with the Paris Agreement, and NDCs?® need to become
consistent with the net-zero emissions goals (UNEP, 2020).

Thereis therefore an urgentneed foran upgrade in the model of global economic development.
In practice, this means that welfare cannotonly be based on the continuous increase of the quantity
of consumption, or on endlesslyfalling prices, but thatthe qualitative aspects need to be considered
too as an integral part of any economic development model. Countries need to find the right
balance between undertaking energy systemtransformationand developing their economies while
atthesametimeavoiding harming the climate and the environment, but also ensuring social justice
and guaranteeing fundamental rights. In times of increasing uncertainty and interdependences
compounded by the impacts of the coronavirus pandemic, this willundoubtedly necessitate more
ambitious and common action atEU level. Choosingthe right decarbonisation policies andensuring
they deliver results on time willalso be extremely challenging due to the societal, environmental,
economic and technological complexity of energy transformation. Policy choices have to be
made now and implemented in the coming decades otherwise the energy transformation will

24 See also the results for the Announced Pledges Case (APC) scenario inNet Zero by 2050, A Roadmap for the Global

Energy Sector, IEA 2021, Paris.

25 The latest Climate Action Tracker estimates that the temperature effect of policiesimplemented as a result of the Paris

Agreementisa 0.7°Cdecrease by the end of the century.

26 Regulation (EU) 2021/1119 of the European Parliament and of the Council of 30 June 2021 (European Climate Law)

https://eur-lex.europa.eu/legal-content/EN/TXT/2uri=CELEX%3A32021R1119.
https://www.whitehouse.gov/briefing-room/statements-releases/2021/04/23/leaders-summit-on-climate-
summary-of-proceedings/.
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28 https//www.wri.org/ndcs.
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become far more costly®*andtherewill be very little chance of avoiding the worst effects of climate
change (IPCC, 2021). Climate policy is driven by facts and figures and both are largely available to
enable decision-makersto take therightaction.

Moreover, in climate neutrality pathways, renewables would become the main source of global
energy supply in 2050, increasing fromthe current level of 15% to levels of up to 60 % (IEA, 2021)
oreven 65% (IRENA, 2018). At the sametime, installed renewable capacity would serve to produce
85 % of electricity in 2050 (IRENA, 2018), enabling the electrification of sectors such as buildings and
transport. This is accompanied by and results in continuous energy efficiency gains despite a
growing world population andeconomy by mid-century. Fossil fuel use would fall from 80 % of total
energy supply in 2020 to 20 % in 2050 (IEA, 2021).* Shifting energy systems to renewable energy
and increasing energy efficiency is thus believed to be the key to reducing global GHG emissions
by up to 90 % by mid-century (IRENA, 2018). Similarly, a recent IEA report assesses that the bulk of
emissions reductions (around 40 % at global scale) needed to achieve net zero emissionsin 2050
would depend on the adoption of low-carbon technologies and over a half would depend (55 %)
on these technologies together with the involvement or engagement of citizens and consumers,
e.g. through actions such as installing a solar water heater or buying an electric vehicle. The
remaining 8 % would depend on behavioural change and materials efficiency gains that reduce
energy demand (IEA, 2021). Because 'almost half of the emissions savings needed in 2050 to reach
net-zero emissions rely on technologies that arenot yet commercially available', a net zeroreality is
achievable in 2050 only thanks to 'an unprecedented clean technology push to 2030’ (IEA, 2021).
Each country has its specificity but in general the three end-use sectors - industry, transport and
buildings - remain the most challenging to decarbonise worldwide due to their highest fossil fuel
dependence (IRENA 2018). Oil consumption in both the residential and the road transport sectors
has been growing for decades now (IEA, 2020a). As a result, space heating and passenger cars exhibit
the lowest energy efficiency savings among residential appliancesand other road transportmodes
(IEA, 2020a).

Furthermore, an appropriate level of available climate finance will be crucial to succeed in shifting
from a fossil-based energy system to a clean and sustainable one. Although the investment
necessary for energy transformation seems very high in the short term, the long-term return on
investment - potentially big — could bring about a substantial increase in in well-being and in
productivity. The required investmentin energy transformation would as a result entirely pay
for itself (IRENA, 2018).*

As governments are currently spending and mobilisingmoneyat an unprecedented scale for fiscal
rescue and recovery packages in response to the coronavirus pandemic, analysts stress that
investments accelerating the low-carbon transformation would be of key importance in getting
closer to achieving the Paris Agreement targets. Many G20 governments,including the EU as a bloc,
have agreed that, with a view to preserving the wellbeing of future generations, the economic

29 According to IRENA estimations, if climate mitigation action is delayed by one decade, the number of stranded assets

will double (IRENA, 2018).

In different modelling scenarios - see also O. Hoogland et al., 2021 - fossil fuel supply does not fall to zero, as
important amounts would continue to be used for non-energy goods with the application of carbon capture use and
storage (CCUS) as well as in sectors where emissions are particularly difficult to reduce (heavy-industry and long-
distance transport).
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31 In the IEA net-zero pathway, annual average energyinvestment between 2021 and 2050 would increase by 1% of

GDP compared to investments that took place globally over the past five years (IEA, 2021).
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recovery would need to be green, i.e. climate- and environment-friendly. Nevertheless, for the
time being the analysis of the G20 stimulus packages paints a mixed picture, as plans are still being
adopted and executed. The business-as-usual approach is still present by some G20 countriesin this
context instead of a new transformational approach to investing that is needed to protect the
climate and the environment and ensure sustainable growth (OECD, 2021).

Finally, alleconomies will need to increase their GHG emissions reductionsambitions while ensuring
more international solidarity, as climate neutrality is only possible as a result of a concerted and
increased global effort.>? In particular, the global commitment of reaching around €80 billion* for
climate finance directed to developing countries from 2020 onwards has not been met, according
to latest data. Public climate finance contributions by developed countries have increased and
private financing has stabilised (OECD, 2021). The European Commission President, Ursula von der
Leyen, has recently stressed that the EU is delivering on its commitment (by contributing

US$25 billion per year) and is ready to do more (an additional €4 billion until 2027), while also
expecting the US and partners to step up their climate financing too.**

In view of all these challenges ahead, people around the world seem to understand the urgency to
actand generally supportclimate action. In the context of economic recovery from the coronavirus
pandemic, 65 % of respondents surveyed in 29 countries (including all of the G20) supported a
green recovery and considered it important that government actions prioritize climate change
(WEF, 2020).

1.4.The EU as a global leaderin the energy transformation - and
why it matters

The EU has the ambition of becoming the first carbon-neutral continent. It is responsible for
12 % of the world's energy consumption and 8 % of global GHG emissions (IEA, 2020). Itis the
only world economy that has successfully pursued legally binding decarbonisation measures
on a continental scale for over a decade. Since 1990, the EU has to a significant extent decoupled
its domestic GHG emissions (-26 %) from economic growth (+64 %) and has overachieved its 2020
GHG emission reduction target of 20 %.* In comparison, the other major developed economies
have only stabilised their emissions since 1990 (Climate Watch Historical GHG Emissions 2021). Since
that year, the US has slightly increased its emissions by around 0.6 % and Japan has recorded a
nearly 2 % growth. Meanwhile, China has increased its emissions over three times and India nearly
three times compared to 1990.°¢ Moreover, it has to be noted thatgiven the rapid transformation of
the global production landscapein the past 30 years, some of the most heavily polluting activities
have been shifted to economies outside of the EU and the EU displays a large CO, content in its
imports.

32

See [EA (2021),Net Zero by 2050, IEA, Paris; Chapter 2: A global pathway to net-zero CO, emissions in 2050.

33 The international commitment was to deliver US$100 billion.

34 https://ec.europa.eu/info/sites/default/files/soteu 2021 address en 0.pdf.

35 Although it should also be underlined that a part of the abatement effort was also possible due to the restructuring

of the European economy and industry. Some of the most polluting factories and plants were closed (e.g. in central
and eastern Europe) as economies turned more to servicesand some plants delocalised to countries beyond the EU.

36 Latest available data at Climate Watch is from 2018.
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To seetheseresults from a different perspective, it is worth noting that since 2000, the EU has been
a net importer of CO, emissions.*” A study analysing the period from 1995 to 2009 estimated that
EU total carbon emissions had increased 11 % under a consumption-based approach. This
accounts for emissions that are embedded in imports of products with a high carbon footprint
(Becqué et al., 2017).3® Since 2002, there has been a sharp rise in consumption-based emissions a
result of increased trade flows between China and other countries after China joined the WTO in
2001. In addition, the EU Member States are among the main contributors to the stock of GHGs
accumulated in the atmosphere since the Industrial Revolution.** In accordance with a well-
established UNFCCC principle (common but differentiated responsibilities), the EU has not only a
responsibility butalsoa duty towards the rest of the world in leading the global efforts for mitigating
climate change.

EU energy policy has undergone substantial changes in the past decade, driven by internal energy
market reforms (thethird energy package), thedevelopment of new technologies, EU policy on the
security of energy supply and, most importantly, the EU's commitments to fighting climate
change, which were translated into the 2020 and 2030 climate and energy goals.* This
unprecedented coordination of energyand climate policies stemsfromthe EU Member States'long
track record of jointly addressing environmental concerns, the EU's international commitments
made under the Kyoto Protocol and the realisation that pursuinga fragmented approach in this area
entails alarge cost.

The EU is set to reach its 2020 target of producing 20 % of energy from renewable sources*'
(compared to only 9% in 2005*). Consequently, the EU has the lowest and still declining carbon
intensity of power generation compared to other large economies.” Due to a reduction in energy
demand in 2020 provoked by thecoronavirus-related lockdowns of economies, the EU should also
reach its 2020 energy efficiency target.* However, before the pandemic, it was not on track to
reach it. A rebound effect is expected in 2021 and more efforts to practically apply the energy-
efficiency-first principle willbe needed. In particular, emissions from the transport and the buildings
sectors should be abated more effectively. The EU is well short of achieving its 10 % renewable fuels
target by 2020in transport.

The current EU climate and energy agenda focuses on the implementation of the European Green
Deal presented by the Commission in December 2019 and endorsed by all EU Member States and
institutions. This strategy aims to pave the way for the EU to achieve carbon neutrality by mid-
century and to reduceits GHG emissions by atleast 55 % by 2030 (comparedto 1990 levels). This

37 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Trends_in_consumption-

based CO2 emissions_of imports_and_exports_for_the EU based on_MRIO_estimates, 2000-
2018 (tonnes per capita).png

38 This accounting differs from production-based emissions, which are internationally reported and relate to emissions

inthe place of production.

39 https//www.statista.com/statistics/1177911/cumulative-co2-emissions-worldwide-by-region/

40 European Commission, Climate strategies & targets, https://ec.europa.eu/clima/policies/strategies_en.

41 Latest data show 19.4 % in 2019. https://www.eea.europa.eu/publications/trends-and-projections-in-europe-2020.

42 IRENA, EU RES.

43

This is also due to nuclear power generation in some EU Member States. Carbon intensity of power generation in
2018:EU - 270 gCO2/kWh, US - over 400 gCO>/kWh, Japan - over 500 gCO,/kWh, China — around 600 gCO,/kWh, India
and Australia - over 700 gCO2/kWh. In 2019, the EU decreased its power generation intensity to 235 gCO,/kWh. |EA
2020, European Union 2020 - Energy Policy Review.

4 The 2020 target envisages a final energy consumption reduced by 9 % from 2005 levels.
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latter commitment raises the EU's ambition fromthe previously agreed 40 % target, becauseit has
been estimated that without a steeper emission reduction by 2030, the EU could have great
difficulties in reaching net-zero emissions by 2050. Both objectives (for 2050 and revised for 2030)
were made a part of the European Climate Law,* one of the world's few legally binding
commitmentsfor achieving net-zeroemissions by 2050. As a consequence, the EU also updated its
NDC in December 2020 in preparation for the next climate summit — COP26 —in November 2021 in
Glasgow.*

With all this track record in energy and climate policies, theEU hasa lot of lessons to share with other
countries both in respect of its successes and failures. The blochas been 'learning by doing' over the
years and, as illustrated by the case of the EU ETS, finding an EU-level solution has been more
efficient than if Member States were to seek it separately.” Another lesson, as pointed out by the
authors ofthe 2016 paper, is that there is 'no "silver bullet", meaning that a complexissue such as
reducing GHG emissions cannotbe addressed by a single policy instrument. EU climate and energy
regulatory experience so faralso shows that a facts-based, transparent and inclusive approach
towards all stakeholdersis of 'utmostimportance' as pointed out in the same 2016 paper. This aspect
will remain one of the key challenges as EU transformation to carbon neutrality will have to
accelerate in the coming decade but at the same time — as the European Parliament advocates —
'this action must be science-based and must involve citizens and all sectors of society and the
economy ... in a socially balanced and sustainable way....* Moreover, delivering climate
transformation through a democratic process seems what EU citizens value and where they see a
potential for EuropeanParliamentaction.®

4> Requlation 2021/1119 of 30 June 2021 establishing the framework for achieving climate neutrality and amending
Regulations (EC) No 401/2009 and (EU) 2018/1999 (European Climate Law).

46

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/ European%20Union%20First/EU_NDC_Submission
December%202020.pdf.

47 As pointed out ina 2016 paper by Delbeke, and Vis, 2016.
48 European Parliament resolution of 15 January 2020 on the European Green Deal (2019/2956(RSP)).

49

There is a general upward trend in EU citizens' support for the European Parliament to play a more important role,
including with regard to 'measures to protect our environment and biodiversity' (32 %) and 'measures to develop
renewable energy and reach carbon neutrality' (23 %). Kantar (2021), Parlemeter 2020: A Glimpse of Certainty in
Uncertain Times. Eurobarometer Survey 94.2 of the European Parliament — A Public Opinion Monitoring Study.
Directorate-General for Communication, Public Opinion Monitoring Unit, PE 689.219.
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2. Key challenges and trade-offs of energy transformation

This chapter presents the challenges thatare most relevant to cooperation and action at EU level.
The selection is based on the findings of the study in Annexll, supplemented by a literature review.

Although the EU is at the forefront of the global energy transformation, many challenges and
associated risks stilllay ahead of it. EU GHG emissions coming fromtheenergy system still constitute
80 % of all EU GHG emissions (similar to the levels in the rest of the world), EU energy production
negatively affects the environment (e.g. water, air and land pollution), the EU is still the economic
block thatis the most strongly dependent on energyimportsand has the highest energy prices in
the world (Delbeke and Vis, 2016). Action will be needed to help resolve issues related to solidarity,
security of energy supply, the internal energy market, competitivenessand innovation.

Figure 1 — Key challenges to EU energy transformation

E £
= &
2 &
5 2
< 5 S
e 2 E &
% 2 Iy ol
% 2, L L
' ' a = =)
% 3, g s
% =3 ] =
% % S &
% 3, g IS
) z = S
2, 2 = & o,
A % = z g & .
S, 2. = £ S § B
K % ER 3 & &
g, 2, 2 = < N g
Ty, 7] ) = = 0 S (&
i, % z 2 S&F & o
% 2, % 3 §f& & AN
ey, 2 2, ] &5 & e
9 C ) ac £ & A\
o Yy 2 £5 & 2
"5 N
000é AN

EU energy
) transformation
\eadership
FU green technology challenges
gudt
0\'\““
Q_\\'b\’\.\“q
<&
Qﬁ‘\&j
.(b
D

Source: Prepared by the authors.

10



EU energy system transformation

Key challenges can be identified within three dimensions of the energytransformation (Figure 1.):

> energysystems,
7> society and policy,
> finance.

These key challenges are of an economic, societal, environmental and regulatory nature. At the
same time, all three dimensions have enabling components that should be made use of, as these
dimensions are interconnected and interdependent. If well designed, these enabling components
could mutually reinforce each other and create a highly resilient framework ensuring a shock-and
crisis-proof energy transformation.

2.1. Rapidly transforming the energy systemto onethatis carbon-
free,smart, integrated and efficient

The main challenge before the EU energy system in the context of its deep transformation is to keep
reducing GHG emissions and at the same time ensuring a secure, reliable, integrated, affordable
and sustainable energy supply.

An EU decarbonisation pathway modelled in the annexed study foresees thatby 2050, nearly 90 %
of net installed electricity production capacity will come from renewables with over 87 % of it
coming from wind (34 % onshore and 10 % offshore) and solar power (37 %) (Hoogland et al., 2021,
Figures 2-6). This would double the share of renewables in power production capacity comparedto
actualsharesin 2015 (see Figure 2.).

Figure 2 - Historical and projected EU27 net installed electricity production capacity by
source (MIX55 scenario)
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Data source: Hoogland et al., 2021, based on European Commission data.

The massive deployment and integration of renewables to electricity is a regulatory and
investment challenge in itself (see Chapter 2.2 and 2.3 below), but it also impacts the reliability
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and security of the power system due to the variability of wind and solarenergy supply.This can be
balanced out to some extent by an increased power system flexibility and storage through use of
interconnectors and grids, demand response and energy storage. All these solutions are expected
to play an importantrole in decarbonising the electricity system and addressing problems such as
the current lossesoccurring whenrenewable energy isin oversupply in comparisonto the electricty
grid's capacity. However, deployment of the necessary technology andinfrastructure is slower than
that of renewables (IEA, 2020). For example, electricity storage through batteries still requires
support at the level of market formation and scaling-up.” It faces problems related to profitability,
high technology costs anddouble application of grid tariffsand energy consumption taxes.”'

Improving the cross-border integration of electricity systems and markets needs further action as
the 10 % interconnection target by 2020 has still not been reached by eight Member States.>
As variable renewables (such as solar and wind) have relatively low capacity factors compared to
conventional power plants, a substantialincrease in transmission capacity will be needed to address
the fluctuations in electricity supply.> Moreover, the limited capacity of the electricity grid can also
be a barrier in the deployment of renewables, including the offshore grid that is necessary to
accommodate offshore power generation. Another elementthat is expected to increase reliability,
flexibility, integration and cost-effectiveness of a decarbonised energy system is demand
response.>* Nevertheless, only 10-20 % of the achievable potential of demand response in the
EU is currently realised. Its development is hindered by insufficient financial incentives, in
particular inadequate carbon pricing, system and market design barriers, and sometimes lack of
consumer awareness.” A related challengeis to ensure at the same time 'a competitive market for
digital energy services and digital energy infrastructure that are cyber-secure, efficient and
sustainable'*®

In parallelwith the shift to renewables, the EUwill face a challenge of phasing-out fossil fuel-based
power generation. Fourteen Member Stateshave so farannounced they will phase out coal-based
generation,”” butnone hasannouncedthe phasing out of gas-based generation. This shift, together
with some planned nuclear power phase-outs, is projected to increase gas-fired power generation
in the EU.**The challenge of a clean energy transformation will be to progressively eliminate GHGs
emitted from burning fossil fuels in order to achieve a net-zero carbon energy system by mid-
century. Meanwhile, a rapid phase-out of fossil-fuelled power generationis still difficult, as running
such power plants is economically viable, given that fossil fuels are relatively cheap (carbon prices
haveremained low for along time and environmental damages have not been fully reflected in the
prices, as pointed out by to Hoogland et al., 2021).

Strengthening carbon price signals across the whole economy,as well as addressing its impact
on EU businesses, consumers and the competitiveness of the EU economy, will be some of the key

50 The EU is already supporting the EU batteries sector through the European Battery Alliance. For a a detailed

description of the challenges before energy transformation in energy supply and demand, see the study in Annex I,
Hoogland et al, 2021, Chapter 2.

*! For details, see Hoogland et al, 2021, Chapter 3.1.4.

52 COM(2020) 950 final.

53

See detailsin Annex I, Hoogland etal., 2021, Chapter 2.2.

> Demand response can be defined as 'the intentional modification of normal consumption patterns by end-use

customers in response to incentivesfrom grid operators.' Hoogland et al., 2021 following European Commission.

5 For detailssee Hoogland et al., 2021, Chapter 3.1.7

56 European Commission, Digitalising the energy sector — EU action plan.
%7 See Table 2 in Hoogland etal., 2021.

%8 |EA, EU 2020.
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challenges. Moreover, some key carbon-neutral energy carriers (e.g. biogas, biomethane, advanced
biofuels, renewable hydrogen) as well as other enabling technologies needed in the
transformation of the energy system (e.g. CCUS, renewable hydrogen) are not yet widely available
and will need to be scaled up. Technologies, such as carbon capture and storage (CCS), also face
additional challenges, amongthemthe availability of suitable geological sites and the potential lack
of public acceptance (Erbach, G., 2021). Another challenge involves ensuring their cost-
competitiveness; success in overcoming it will determine the speed of uptake. Moreover, relevant
cross-border markets (e.g. for low carbon/renewable hydrogen) as well as dedicated infrastructure
(e.g.cross-borderinfrastructure for hydrogen) will need to be developed.

Mitigating the potential environmental externalities of some of the above-mentioned carbon-
neutral carriers and technologies will also be a challenge. There are concerns that increasing
renewable power supply, despite the many benefits that it provides, ‘could shift environmental
burdens in ways that do notalwayslower overall pressures' (EEA, 2021). Moreover, there is still room
for improvementin ensuring the sustainability of certain types of biomass used for bioenergy. As
biogas and advanced biofuels are foreseen to substantially increase by 2050 in order for carbon
neutrality to be reached, the availability of sustainable biomass will constitute a challenge and
trade-offs specific for different type of biomass will have to be evaluated (Hoogland et al., 2021).
Ensuring sustainability (that goes beyond a strict carbon-neutrality) in the whole supply chain of
products, such as batteries, will also be challenging, because raw materials used for their
production are often sourced without ensuring environmental and social protection (Erbach, G,
2021a; Szczepanski, M., 2020) and sometimes in countries with unstable governments or with little
respect for fundamentalrights.

In terms of security of supply, the EU, being the world's biggest energy importer, is highly exposed
to energy price volatility and security risksrelated to producing and transit countries (Tagliapietra, S.
and Zachmann, G., 2021). In the longer-term, the EU's very high import dependence on fossil fuels
should be progressively decreasing with the decarbonisation of the energy system, yet new supply
dependencies on third countries risk emerging (e.g. for lithium-ion batteries produced in China)
unless more effortis put into diversifying supply and building independentvalue chains (Erbach, G,
2021a). This would be a challenge for the EU in the long run, as it aims to become a respected global
player with some level of strategic autonomy, while at the same time avoiding the pitfalls of
protectionistindustrial policies.>

From the standpoint of energy end-use, the uptake of low-carbon energy carriers and fuels
remains a challenge in most energy-consuming and GHG-emitting sectors such as industry,
buildings and transport. There is a wide consensus among experts and academics that energy
efficiency measures and electrification will help decarbonise the buildingsand the transport sectors.
Improving energy system integration (sector coupling) also remains a challenge. Energy system
integration involves creating an integrated network based on a renewable electricity grid that
provides electricity to differentsectors (industry, buildings, and passengerand urban transport) ' it

%9 For more details on strategic autonomy and related energy issues, see: Anghel, S. et al., On the path to 'strategic

autonomy'. The EU in an evolving geopolitical environment, Study, European Parliamentary Research Service, PE
652.096, September 2020.

See details on challenges for energy demand identified for EU energy transformation in the study in Annex I,
Hoogland etal,, 2021.

For details, see Erbach, G., Enerqy storage and sector coupling, Briefing, European Parliamentary Research Service, PE
637.962,June 2019.

60

61

13


http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)652096
http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)652096
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/637962/EPRS_BRI(2019)637962_EN.pdf

EPRS | European Parliamentary Research Service

is still underdeveloped, due to lack of interconnection capacity and sub-optimal use of the capadity
available.®

One of the key challenges in the buildings sector is a low rate of the renovations needed for
reducing energy consumption and for switching to low or carbon-neutral fuels and to solar-water
heating and electricity generation (rooftop solar). The main obstructions to doubling the current
1% annual rate of buildings renovations in the EU are high upfront costs, long payback methods
and split incentives.®* Another challenge for the sector is the electrification of buildings end-uses.
Uptake of electric heat pumps - a key technology allowing the substitution of fossil fuel-burning
heating systemswith climate-neutral ones® - is stilltoo slow. In many EU countries, it is still cheaper
to heat buildings with fossil fuels than with this technology.

While a lot of progress on energy efficiency has been made (Erbach G., 2021), the acceleration of
application of carbon-neutral technology remains a key challenge (Hoogland, O, et al., 2021). This
has slowed down due to a low clean technology readiness, and lack of competitiveness
compared to manufacturing technologies based on fossil-fuels,® lack of markets for ‘green'
products, lack of infrastructure e.g. to store and transport hydrogenand CO,, difficulty of changing
integrated industrial operations, and a risk of carbon leakage. Support for circularity in industrial
production processes will be essential to reduce energy consumption and environmental impacts.
Moreover, zero-emission technologies for heavy industry, which would make it possible to achieve
the 2050 goal, are stillunder development and need an important pushto become commercialised
(IEA, 2021).

In the transport sector, electrificationis the key challenge for passenger-and light-duty vehicles.
One of the main problems ofimportance from an EU point of view is the lack of relevant charging
infrastructure and the lack of interoperability of systemsand equipmentacross the EU.% Heavy-
duty road transport, navigation and aviation are transport modes that could be electrified only to a
certain extent (for short distance travel). Decarbonisation pathways considered for these means of
transport include hydrogen and synthetic fuels.” However, these technologies are not yet
market-ready and thereis a lack of regulatory pressure amplified by tax exemptions for some fossil
fuels (e.g. kerosene for aviation).

The European Parliament has been advocating for addressing the different challenges that
decarbonisation poses to the EU's energy market, energy security as well as addressing specific
sectorial decarbonisation problems.®

62 See detailsin Chapter 3.1.6 of the study in Annex I, Hoogland et al., 2021.

63 Other barriers to investments in energy efficiency at a socially optimal level include market failures triggered by

imperfect information, positive externalities,and some 'behavioural' mistakes. See more in Erbach G,, etal.(2021),EU
climate action policy. Responding to the global emergency, Study, EPRS, March 2021.

64 Assuming the electricityis 100 % GHG-free.

65 For details on carbon-neutral industrial processes, see Hoogland et al., 2021, Chapter 3.1.11.

66 For detailson the electrification of passenger and light-duty vehicles, see Hoogland et al., 2021, Chapter 3.1.12.

57 For details on carbon-neutral options for heavy-duty road transport, navigation and aviation, see Hoogland et al,,

2021, Chapter, 3.1.13.

68 European Parliament resolution of 15 January 2020 on the European Green Deal (2019/2956(RSP)).
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2.2. Becoming a global leader of a sustainable, socially just and
coherentenergy transformation

The on-going energy system transformation, apart from confronting the challenges discussed
above, has to be environmentally sustainable, equitable and implemented in such a way as to
not leave anyone behind. Moreover, the European Green Deal sets an ambition of creating a more
prosperous society with a modern, resource-efficient and competitive economy. These are
considered the biggest challengesofthe 21st century.

Societal acceptance as well as trust will be crucial enablers in this transformation and, if not
present,can become a structural hurdle thatwould be difficult to overcome, creatingdeep societal
divides and making the full realisation of climate transformation impossible. The IEA assesses that
globally, over half of cumulative emissions reductions in the net-zero pathway 'are linked to
consumer choices' (IEA, 2021). This means that the transformation cannot happen if there is no
uptake of electric vehicles or if there are no investments in the retrofitting of houses with energy-
efficient technologies or in the installation of heat pumps. While convergence in recent years has
been a key achievementof EU integration, there are some worrying signs of a socio-economic divide
in the EU.® To prevent further inequalities from appearing during the decarbonisation of the
economy, several trade-offs will need to be addressed. According to different studies of impact, if
theright policies are not putin place and discussed in an inclusive way, affordability problems will
arise as carbon pricing, carbon taxation and heavy regulatory approacheswill provoke anincrease
in the prices of fossil fuels that will have important socialand distributional effects.”

It is expected that this will affect in particularthe vulnerable groups of society, as proportionally they
are the ones with the highest share of their income directed to basic housing, food and energy
expenses. Although the share of the energy costs both in household spending and in production
costs has been decreasing in recent years, the poorest Europeanhouseholds still spend over 8 % of
their total expenditure on energy, with this figure reaching up to 15-22 % in some central and
eastern European countries.”” Moreover, some EU countries are at the starting point of addressing
energy poverty (or even recognising it), and there is a risk that without an ambitious and united
push from the EU, a challenge of such a magnitude might notbe solved throughisolatedactions by
the Member States' national governments.”? One of the most cost-efficient solutions to this problem
could betoincrease the very low rate of buildingsrenovation. Nevertheless,although some relevant
regulatory and financial instruments have recently been adopted to ensure an increase in the
energy efficiency of buildings (the Clean Energy Package,” the Renovation Wave’ and the EU

69 Understanding the socio-economic divide in Europe. Background report, OECD Publishing, 2017.

70 For details, see: European Commission, Commission Staff Working Document Impact Assessment Report

Accompanying the document Directive of the European Parliament and of the Council amending Directive
2003/87/EC establishing a system for greenhouse gas emission allowance trading within the Union, Decision (EU)
2015/1814 concerning the establishment and operation of a market stability reserve for the Union greenhouse gas
emission trading scheme and Requlation (EU) 2015/757,SWD/2021/601 final.

European Commission, Energy prices and costs in Europe, accessed at: https://ec.europa.eu/energy/data-
analysis/energy-prices-and-costs en.

71

72 https://caneurope.org/content/uploads/2021/01/Energy-poverty-report-_Flnal_December-2020.pdf

73 https//www.europarl.europa.eu/news/en/headlines/society/20180216STO98004/six-new-rights-for-eu-electricity-

consumers; https://www.europarl.europa.eu/news/da/press-room/20181217IPR21949/eu-deal-on-electricity-
market-rules-to-benefit-both-consumers-and-environ ment

74 Communication from the Commission on a Renovation Wave for Europe - greening our buildings, creating jobs,

improving lives, COM/2020/662 final, October 2020.
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stimulus package”), the Member States' latest long-term renovation strategies seem not to be
aligned with the EU objective of reaching net-zero GHG emissions by 2050. Therefore, the necessary
acceleration of the annual building renovation rate fromthe current 1% to 3 % of deep renovations
by 2030 is unlikely to be achieved (Staniszek, D., 2021).

In view of phasing out fossil fuels from the EU energy system, another socio-economic challenge
is to ensure a just transformation and to support communitieswhoselivelihoods dependon fossil
fuels and carbon-intensive industries. Affected regions will need to face unprecedented changes, as
jobs will be lost and local economic activities will need to be rendered sustainable. Such changes
take decades and the EU has an important role in supporting a just transformation through the
cohesion funds. The EPrecognised the need for EU-level action in this field already in 2018, when it
put forward the idea of setting up a Just Transformation Fund, now a reality.” In the process of
legislating on the Just Transformation Fund, the EP has also advocated for more ambitious
measures, some of which have been adopted (Widuto, A.,2021). Nevertheless, the socio-economic
transformation is a long-term challenge for the communities most vulnerable toits impactsand will
need to be closely monitored and supported in thein the comingdecades, wellbeyond the next EU
budgetary period.

Behavioural change’”” will also be needed in the EU to shift energy consumption patterns and
achieve the net-zero goal. Even thoughon a global scale changing behaviours would contribute to
less than 10 % of GHG emission reductions overall,”® it will be a very challenging endeavour as it
requires public support and acceptance of changes tosome established habits. Fossil fuel use in the
transport sector is responsible for the largest share of GHG emissions, with housing emissions
coming second (Oxfam and SEl, 2020). This confirms that transport mode-switching will be a key
challengefor Europeansin the decarbonisation process. The EU has a global role and dutyto act, as
various analysesshow that in relative terms, it is the richest’® who consumethe most energy among
allincome groups and consequently cause much more emissions (ETI, 2021; Oxfam and SEI, 2020).
A risk exists that, if no action is taken, the spread of these unsustainable consumption patterns
could, by 2030, 'eat up' the remaining carbon budget for a 1.5°C global temperaturerise.®

The current EU regulatory framework is not yet fit to deliver the 2050 net-zero target (and for this
reason more ambitious legislative proposals were proposed by the Commission in July 2021). Apart
from energy marketgaps and barriersthatstill exist (mentioned in Chapter 2.1 above), an enabling
regulatory environment should also be ensured for other activities. For example, in research and
innovation (R&l) the regulatory burden should be lightened. According to the IEA, large corporate
players remain reluctant to becomeinvolved in Horizon 2020 projects, due to the long timetables,
bureaucracy and need to partner with organisations from at least two other Member States (IEA,
2020). Moreover, the EU also lacks coherence in some of its climate and energy policies (i.e.

75 https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-

facility _en#example-of-component-of-reforms-and-invest ments.

76 European Parliament resolution of 14 November 2018 on the Multiannual Financial Framework 2021-2027 —
Parliament's position with a view to an agreement (COM(2018)0322 - C8-0000/2018 - 2018/0166R(APP)).
'‘Behavioural change refers to changes in ongoing or repeated behaviour on the part of consumers which impact
energy service demand or the energy intensity of an energy-related activity', IEA (2021).

77

78 |EA (2021) estimates in its net-zero in 2050 pathway (NZE) that 'a final 8% of emissions reductions stem from

behavioural changes and materials efficiency gains that reduce energy demand, e.g. flying less for business purposes'.

7 People with a net income of over US$38,000, Oxfam and SEl (2021).

80 For more details on behavioural change and green transformation, see Meeting the Green Deal objectives by

alignment of technology and behaviour, Study, European Parliamentary Research Service, Scientific Foresight Unit
(STOA), PE 656.337 — July 2021.
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between some EU policies and between EU and national policies).?' This incoherence is one of the
reasons why somesectors—such astransport, where the polluter pays principle is not fully applied -
are underperforming in their decarbonisation efforts. As the current energyand climate regulatory
framework is set to be revised towards more ambitious targets, its coherence will need to be
ensured.

The EP has been calling for a transformation that ensures a prosperous, fair, sustainable and
competitive economy.® It has been stressing thatfighting energy poverty should continueto bea
priority addressed with targeted measures. In its resolutions, it has also underlined the importance
of policy coherence. Moreover, EU citizens seem to want the EP to play a more important role in
relation to measuresaimed at reducingpoverty andsocialinequality.®*

2.3. Aligning financing with energy transformation objectives

While providing an adequate level of financing to ensure a successful EU energy transformation is
definitely a significant challenge, this challenge should be looked at in the context of long-term
benefits that outweigh the short-term costs (IEA 2021; IRENA, 2018). The role of public finance is
deemed to be key if the EU wants to ensure long-term sustainability and competitiveness (EIB, 2021).
However, a challenging task for policymakerswill be to ensure that the spendingwillbe done in an
effective and efficient manner so as to avoid the duplication of projects at Member State level and
to avoid 'white elephant’ projects. In particular there is a need to ensure that spending related to
NGEU and the next MFF addresses the green transformation investment gap.* The challenge in
particular for the EU will be to monitor and ensure that spending on reforms and investments by
the Member States has a positive environmental impact as provided for in the Recovery and
Resilience Facility Regulation.®® Moreover, in the previous budgetary term, there were some
inefficiencies and lack of coherence related to climate spending among the different EU
instruments. This lack of coordination among the financial instruments at different levels - EU-
nationaland EU-EU - should be avoided so as to ensure an optimal policy impact (Pellerin-Carlin et
al., 2017).

Most importantly, financing along the whole innovation chain will be key in achieving EU energy
transformation and maintaining EU green technology leadership as well as gaining it in new
technologies and market shares. This is necessary because, as estimated by the IEA, nearly 50 % of
emissions reductions neededto achieve net zero by 2050 depend on technologies that are not yet
commercialised (IEA, 2021). Meanwhile, thereis a growing gap in EU investment in R&D, which
is critical for climate mitigation. The level of EU investment until now has been insufficient to achieve
the current 2030 emissions reduction target as well as the more ambitious goal of 55 % GHGs
reduction by 2030 (EIB, 2021; European Commission, 2020b). While being ranked among the top

81 For more details on policy coherence and EU climate action, see Erbach, G, et al. (2021), Chapter 3.

82 European Parliament resolution of 15 January 2020 on the European Green Deal (2019/2956(RSP)).

85 48 % of consulted EU citizens think this should be the main priority of the European Parliament, according to

Parlemeter 2020: A Glimpse of Certainty in Uncertain Times.

84 Regarding the European Commission estimates on the green transformation investment gaps up to 2030, see

Commission Staff Working Document, |dentifying Europe's recovery needs, Accompanying the document
Communication on Europe's moment: Repair and Prepare for the Next Generation - COM(2020) 456 final, SWD(2020)
98 final, 27.05.2020.

Spending should not lead to 'significant harm to environmental objectives, as provided for by Article 17 of the
Taxonomy Requlation (EU) 2020/852.

85
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global spenders in energy R&D (see Figure 3), the EU did not achieve its overall R&D spending
objective® (a 3 % GDP EU target and 2 % of GDP for business) by 2020.

Figure 3 — Energy-related R&D spending (€ billion)

7

OHNWbm
I
I
—

-
]
"
»
)
0

| —
\)CD ) (\’b ’b(\ (e) @ d ¥ Q:‘} ,}‘-\ (\6
SO & & & S0 v
S & “ &
g (.\\@ 9

Source: |EA, 2019.

Moreover, despite the fact that EU R&D funding (EU Horizon Europe framework programme) for
2021-2027 is higher thanin the previous programme (Horizon 2020), it is lower by a third compared
to what the European Parliament as well as academia advocated for as necessary to meet the EU
objectives (Pari, M., 2021; EUA, 2020). Additionally, the EU is at a different stage of the process of
decarbonising its economythan it was a decade ago and current investmentswill no longer target
the'lowhanging fruit' but the 'harder-to-reduce-emissions' (EIB, 2021).

At the same time, the EU's competitors are still leading the race for high-quality universities,
registration of patents and research outcomes, including sometimes in areas key for energy
transformation such as batteries, digital hardware and software. The EU has recently launched a
series of initiatives® in these areas and hasalready taken the lead in some competitive technological
areas, such as wind power and the transportindustry. Nevertheless, a risk exists that the EU will be
left behind on green energy patenting. According to a World Intellectual Property Organization
analysis, while green innovation is emerging all over the world, only a few countries account for the
vast majority of applications (see Figure 4.). Of the top 10 countries, all except China, the Republic
of Korea and Denmark experienced a decline in the number of patent applications between 2013
and 2019.% The growth of Chinese Patent Cooperation Treaty (PCT) filings in the field has been

8 |n March 2000, the European Union set itself an ambitious goal to become, by 2010, ‘the most competitive and

dynamic knowledge-based economy in the world’, what later became known as the Lisbon strategy. Leveraging
investment in R&D became a key element of this strategy following the March 2002 Barcelona European Council's
objective to raise overall R&D investment to 3% of GDP by 2010.
https://www.consilium.europa.eu/ueDocs/cms Data/docs/pressData/en/ec/00100-r1.en0.htm.

8 European Commission communication on Criteriafor the analysis of the compatibility with the internal market of

State aid to promote the execution of important projects of common European interest, 0JC188,20.6.2014, pp.4-12.

88 https//www.wipo.int/pressroom/en/articles/2020/article_0007.html and Annex 1:

https://www.wipo.int/export/sites/www/pressroom/en/documents/pr_2020 851 annex.pdf.
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extraordinaryin most green energy technologies. Notably, China hasbecome a world leader in the
patenting of green transportation technologies in recent years, which should be a source of
renewed commitmentfor the EU to investin this area given the importance of this sectorfor the EU

economy.

Figure 4 — Green patenting applications, annual growth rate
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Source: WIPO IP Statistics Database applying the WIPO International Patent Classification (IPC) Green
Inventory.

The European Parliament supports an ambitious level of financing that would help to closethe EU
investment gap, help finance the transformation to a carbon-neutral economy and ensure a just
transformation across all EU regions.® It has advocated for more ambitious spending on climate
from the EU budget (at a level of 30 %) and for a ‘green’ recovery from the coronavirus pandemic.
It has furthermore backed the European Commission plan to mainstream climate (and
environmental) concerns in recoveryinitiatives® andemphasised that EU expenditure to realise the
objectives of the European Green Deal has to beincreased and generate European addedvalue.

8 European Parliament resolution of 15 January 2020 on the European Green Deal (2019/2956(RSP)).

% Resolution of 15 May 2020 on the new multiannual financial framework, own resources and the recovery plan,
European Parliament; Resolution of 23 July 2020 on the conclusions of the extraordinary European Council meeting
of 17-21 July 2020, European Parliament.

19


https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2019/2956(RSP)
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0124_EN.html
https://www.europarl.europa.eu/doceo/document/TA-9-2020-07-23_EN.html#sdocta1

EPRS | European Parliamentary Research Service

3. Evaluating the cost of non-Europe: Benefits of united and
ambitious EU action

The Green Deal for Europe embodiesthe EU's ambition to contribute tokeeping our planet healthy
and to becomethefirst carbon-neutral continentin the world by 2050. Europe's citizens continue
to call for stronger climate action and effective results, in line with the Paris Agreement goal of
keeping global temperature increase well below 2°C and pursuing efforts to limit the increase to
1.5°C. Given the large environmental, economicand socialimpacts of the choices that have to be
made, itis crucialto have a scope of analysis as broad andextensive as possible and notto rely on
theresult of one single model. Therefore, the information presented in this chaptercomplements
theresults of the studyin Annexllwith a series of analyseslooking at estimates provided by other
prominent macroeconomics models. The estimates derived from these results are then used to
computethe CONE.

3.1. Climate neutrality is not achievable with a fragmented
approach

Building on the climate target plan®' adopted in September 2020, the study in Annex Il provides a
complete and detailed analysis of the potential impacts of different decarbonisation paths for the
EU energy system up to 2050. Chapter 3.1 analyses these results, focusing more specifically on the
environmentalimpactsof various scenariosand on energy-related emissions. The baseline scenario
used corresponds to the EU reference (REF.) scenario of July 2021,°* which updates the previous
version published in 2016. The resultsare then compared® with a scenario of more ambitious and
united EU action leading to a 55 % cut of GHG emissions by 2030 and net-zero emissions by 2050
(MIX55).% Two fictional scenarios are also includedto illustratethe potential benefits and the global
leading role of the EU in this area.

3.1.1. The environmental benefit of an ambitious and united EU approach
toward reaching net zero

Theresults of the study in Annexli(see Figure 5 below) clearly show that the target of net zero by
2050 will not be achieved without an ambitious and united EU approach.

91 European Commission, report on Stepping up Europe's 2030 climate ambition. Investing in a climate-neutral future

for the benefit of our people, COM/2020/562 final, September 2020.

92 European Commission, EU reference scenario 2020 - Energy, transport and GHG emissions: trendsto 2050, July 2021.
The reference scenario (REF.) is a projection based on the future developments of the EU energy system, transport
system and greenhouse gas GHG emissions. This scenario acts as a benchmark for new policy initiatives. It reflects
policies and market trends used by policymakers as a baseline for the design of policies that can bridge the gap
between where EU energy and climate policy stands today and where it aims to be in the medium- and long-term,
notably in 2030 and 2050.

9 The study in Annex Il uses REF2016 as a reference scenario because its manuscript was completed before the
publication of REF2020 and before the publication by the European Commission of the 'Fit for 55' package of
proposals on 14 July 2021.

9 The reference scenario builds on EU and Member State policies. The scenario concerns the EU energy, transport, and
climate acquis as of the end of 2019. National policiesaccounted for in the reference scenario include the main ones
laid out in the national energy and climate plans (NECPs) and in other national plans put forward as of end-2019.

9 This corresponds to the MIX55 scenario in the study in Annex II. MIX55 is an extension of the MIX scenario in the
European Commission impact assessment. It combines regulatory and carbon pricing instruments that realise
50-55 % GHG emissions reductions by 2030 and net-zero emissions by 2050.
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Furthermore, complacency coupled with a fragmented approach would always be the most costly
from an environmental point of view as the target of limiting global temperature rise to +1.5°C
would be out of reach without more ambitious EU action. The IPCC in its latest report® analyses a
set of new scenarios at global level to explore the climate response to a broader range of GHGs (see
Figure 5 below). It shows thatitis only under the very low GHG emissions scenario,” which for the
EU would means achieving net zero by 2050, that the +1.5°target would be ‘more likely than notto
be reached'. In a worst-case scenario, where the response of the EU and the international
community would remain fragmented, the IPCC even concludes that the temperature could
increase by between 3.3t0 5.7°in thelong run.*®

According to the calculations made in this report, without ambitious EU action and using the
reference EU action scenario as a baseline,” a reduction of around 47 % of GHG energy-related
emissions would be achieved at best in 2050 compared to 2020 (i.e. 1 193 million tonnes versus
2 255" million tonnes of GHG emissions). As this scenario encompasses all the measures already
implemented at EU and Member State level from 1990t0 2019, one could conclude that the results
from a fragmented approach at Member State level would be even more dismal. To illustrate this
point, this report recomputes two additional fictional counterfactual scenarios.

The first scenario - NO COOP - corresponds to a situation of non-cooperation at EU and
internationallevel. Here, EU emissions from 1990 are recomputed asif they had evolved at the same
pace as the emissions for the OECD as a whole.” From 2020 onwards, the authors of the report
simply compute a prolongation of the past trend up to 2050. The second scenario — FRAG -
correspondsto insufficient EU action, where the fight against climate change would mostly occur in
a fragmented and loosely coordinated way at Member State level. For that purpose, the authors of
the report simply assume thatfrom 2021 onwards the EU’s energy-related emissions grow in the
same way as the OECD’s, based upon the prolongation of the past trend until 2050. Emissions
between 1990 and 2020 are assumed to be at the same level as past EU emissions.

The results obtained for the two scenarios suggest that a non-cooperative approach (NO COOP
scenario) would have resulted in 59% more emissions in 2020 than what was observed
(3 590 milliontonnes versus2 255 million tonnes of GHG emissions). These resultsalso suggest that
insufficient EU action coupled with a mostly fragmented approach (FRAG scenario) would achieve
a reduction in energy-related emissions of around 2% in 2050 compared to 2020 (2045 million
tonnes versus 2255 million tonnes of GHG emissions).

% |PCC, Sixth assessment report,2021.
97 Called SSP1-1.9.

%  Potential impact at the 2081-2100 horizon.
99

The data corresponding to the July 2021 update of the REF scenario can be found here.

100 See European Commission, EU reference scenario 2020 — Enerqy, transport and GHG emissions: trends to 2050, July
2021.

197 In total, OECD members increased their emissions by 2 % from 1990 to 2019, while the EU reduced its emissions by

more than 30 % during the same period. The data for the evolution of GHG emissions for the OECD are taken from
the [EA.
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Figure 5 — Potential adverse environmental impact of complacency and fragmentation
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Data source: Authors'own calculations based on datafrom Hoogland et al., 2021, IEA, 202Ta and IPCC, 2021.

Compared with other scenarios, ambitious and united EU action (MIX55 scenario) therefore
constitutes the best path towards achieving the climate goal of net zero by 2050 (see Table 1). In
five years (from 2021 to 2025), it would have already yielded a reduction of 168 million tonnes (Mt)
of GHG emissions compared to the baseline REF scenario and 237 MT of GHG emissions compared
tothe FRAG scenario.In 2050, the difference is even more substantial: at 944 MT of GHG emissions
reduction compared to the baseline REF scenario and 1 795 MT of GHG emissions compared to
the FRAG scenario. The modelling results of the study in Annex Il showed that the extension of
carbon pricing through the EU ETS to other sectors that are not currently covered by the EU ETS
plays a substantial role. Without an extended EU ETS, a substantial gap in reaching net zero GHG
emissions, of around 50 million tonnes of GHG emissions by 2050, would be observed. Similarly,
additional MFF and NGEU funding will also have a significantimpact, contributing to a reduction of
roughly 50 million tonnes of GHG emissions by 2050.

Table 1 — Environmental benefit of ambitious and united EU action (MIX55 scenario), MT
COzeqreduced peryear comparedto the baseline (2020)

2021 2022 2023 2024 2025 PAE]) 2040 2050

difference  with
NO-COOP -1384 -1432 -1480 -1528 -1576 -2 041 -2940 -3006
scenario

difference with

FRAG scenario -47 -95 -142 -190 -237 -716 -1678 -1795

difference with
REF scenario -34 -67 -101 -134 -168 -348 -908 -944
(baseline)

Source: Authors' own calculations based on data from Hoogland etal., 2021, I[EA, 2021aand IPCC, 2021.
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3.1.2. An ambitious and united EU approach also increases welfare and
reduces the cost of climate change-related potential damages

As stressedon numerousoccasions by the IPCC, failure to rapidly engage in tackling climate change
andin implementing measures to reach net zero in 2050 would lead to a disastrous environmental
impact both for theEU and the rest of the world. A previous EPRSreport'® estimated that the related
monetary costsof such complacency would also be substantial, at around €160 billion per year for
the EU as a whole. Recently, the Joint Research Centre of the European Commission (JRC) has
provided a comprehensive updated evaluation of the environmental consequences of non-Europe
in this area in its projection of the economic impacts of climate change in sectors of the EU based
on a bottom-up analysis (PESETA project).'® Under this project, impacts are computed for various
warming targetsfor the EU and they grow with the intensity of global warming.'* Building on these
results, the authors of this report estimated the losses corresponding to the best temperature
estimatein the various scenarios highlighted in Figure 6 below. Exposing the economy to a global
warming of 4.5°Cwould resultin an annual welfare loss of approximatively €308 billion. Under a 2°C
scenario the welfare loss would be €130 billion per year, while limiting global warming to 1.5°C
would reduce welfare loss to €42 billion per year. The effective realisation of ambitious and united
EU action would thus be beneficial, yielding welfare gains of potentially €89 billion per year
comparedto the baseline reference scenario.

Figure 6 — Environmental costs of a lack of ambitious and united EU action (2020-2100)

Main climate change impact for the EU
(€billion per year)
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Data source: Authors' own calculations based on JRC PESETA data.

Interestingly, in additionto the effects on welfare, theassessment by the JRCincludes the effects on
a series of adverse climate-related events. Building again on these results and assuming a linear
increase in costs in line with the increase of temperature, the authors of this report estimated the

192 Teasdale, A. (editor), Europe's two trillion euro dividend: Mapping the Cost of Non-Europe, 2019-24. European

Parliamentary Research Service, European Parliament, April 2019.

103 JRC, PESETA 1V, projection of economic impacts of climate change in sectors of the EU based on bottom-up analysis,

2020.

PESETA integrates climate scenarios, socio economic analysis and biophysical process simulation.

104
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corresponding impacts for various levels of temperature. The results are consolidated and
summarized in Figure 6 above. Undera 1.5°C global warming scenario and compared to a 2°C global
warming scenario used as a baseline, there is a significant increase in the damages related to coastal
flooding (from €110 billion to €195 billion), river floods (from €16 billion to €32 billion), droughts
(from €16 billion to €29 billion), while the impact of windstorms remain significant (at around
€6.8 billion in both scenarios). Taking all the impacts into consideration, this analysis constitutes a
powerful justification for ambitious and united action, as the total environmental benefit,
including welfare gains, would be around €203 billion per year on average for the period
2020-2100compared to the baseline reference scenario.

More broadly, and assuming that damages willgrow in line with the total sum of emissions over the
2020-2050 period, ' the authors of the present report computed the potential monetary benefits
of a scenario of ambitious and united EU action compared to the other alternatives until 2050 (see
Table 2). These results further emphasize the large potential cost of insufficient action and
fragmentation, with a potential averted environmental damages cost of €305 billion per year for the
FRAG scenario and even upto €610 billion in the case of the mostextreme NO COOP scenario. These
results are broadly in line with the consensusin the literature,'® where the economic costs of climate
changeimpacts have been estimated to standin the range of 1 % to 3.3 % of global GDP by 2060,
which for the EU would correspond to around between€120 billion and €420 billion.

Table 2 - Estimated monetary benefits (averted environmental damages cost (€ billion per
year and % of GDP) with ambitious and united EU action, year comparedto baseline (2020)

P T 2 R N

difference with NO-
COOP scenario 147 197 248 299 355 480 610
dliftende il FRSE . 62 83 106 129 157 227 305
scenario
difference with
baseline (€ billion per 34 52 70 88 107 125 163 203

year)

difference with the

0 0 0 0 0 o o e
baseline (% GDP) 0.3% 0.4% 0.6% 0.7% 0.8% 0.9% 1.0% 1.1%

Data source: Authors' own calculations based on JRC PESETA data.

3.2. Climate-related EU budgetary action could bring substantial
benefits

The budgetary impactsof the transformation to net zerohave to be understood clearly, particularly
as some Member States are already facing extremely challenging fiscal positions and therefore

195 This is naturally a crude assumption, which serves to illustrate the potential negative impact associated with each
path.

106 See OECD, Innovation and Business/Market Opportunities associated with Energy Transformations and a Cleaner

Global Environment, Issue Paper Prepared by the OECD as input for the 2019 G20 Ministerial Meeting on Energy
Transformations and Global Environment for Sustainable Growth, February 2019.
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would be unable to sustain additionalinvestment and spending in the medium term.'” Therefore,
the section below examines how the sustainable Europe investment plan (the financial arm of the
European Green Deal) willaddress these challenges. It also assesses how EU budgetary action could
prove fruitfulin this regard, in particular through the MFF and the recentlyadopted NGEU.

3.2.1. EU-led sustainable investment plan on net-zero emissions in 2050

The transformation towards net zero will require a large structural transformation of the EU
economy in a relatively short period of time considering the size of the challenge and the fact that
since 1997, when the Kyoto Protocol was adopted, only the easiest and least costly part of the
transformation has been achieved.'”® Regarding investment needs, estimation varies greatly
depending on the type of model used, on the climate objective taken as a reference and the time
horizon selected for the estimation. In arecent review of existing results the IMF'® concluded that
the additional cumulative investmentneedsforthe next twodecadescould amountto a cumulative
€9 trillion to €14 trillion globally, with around 30 percent of the required investment coming from
publicsources and 70 percent from private sources. A comprehensive study''° reviewing the results
of the six main global modelling frameworks showed that pursuing the 1.5°C target demands a
marked up-scaling in low-carbon capital beyond that of a 2°C consistent future. On average for
Europe, the study concluded thatbetween €114 billion and €354 billion per year would be needed
for the transformation until 2050. This representsan average potential cumulative investment need
of almost €7 trillion over the period. The European Commission''" assessed the financing needs
related to the current climate mitigation and energy 2030 targets at €340 billion per year,
representing €3.4trillion in the next 10 years. According to the IMF, these estimates may however
be conservative, as other results'? suggest that, on average, additional investment of about
€1.1 trillion a year could be required over the next 30 years to decarbonize the world economy, of
which €0;9 trillion would be needed in the power sector. Another study'® estimated that annual
investmentin the energysectoralone willneed to rise from about €1.2 trillion today to somewhere
between €2.2 trillion and 4€ trillion on average over the next three decades.

As highlighted by the IEA in its report on the EU,"* the economic consequences of such a deep
structural transformation aregoing to be profound and should certainly not be underestimated. At
the sametime, large opportunitiesare already emerging and will continue to emerge. It is therefore
key to ensure that EU businesses continue to be at the forefront in this area and to avoid the
fragmented and costly approach pursued, for instance, in some areas related to the digital

197 Unless the EU fiscal framework under the Stability and Growth Pact is substantially revised, which at present does not

seem to be favoured by some Member States.

108 Enerdata, global energy trends, 2021 edition.

199 |MF, Investment needs fostering the transition to a green economy, Chapter 3, Global Financial Stability Report,

October 2021

McCollum, David L., Wenji Zhou, Christoph Bertram, Harmen-Sytze de Boer, Valentina Bosetti, Sebastian Busch,
Jacques Després, et al. 2018. “Energy Investment Needs for Fulfilling the Paris Agreement and Achieving the
Sustainable Development Goals.” Nature Energy 3 (7): 589-99.

110

"1 European Commission, Commission Staff Working Document, Identifying Europe's recovery needs, Accompanying

the document Communication on Europe's moment: Repair and Prepare for the Next Generation - COM(2020) 456
final, SWD(2020) 98 final, 27.05.2020

See for instance Energy Transitions Commission, “Making Mission Possible—Delivering a Net-Zero Economy.”
September 2020.

113 BloombergNEF.”New Energy Outlook 2021/, July 2021.
14 |EA report on the EU, 2021.
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transformation.”” The potential economic gains for the leaders and the innovators in the area of
greentechnologies are going to be sizeable, with a demand at global level. For the EU, this means
thatthe current first-mover advantage thatit has secureditselfin some sectors should continue to
be reinforced, and research in the areas linked to the greentransformationshould be boosted.

To reply to these concerns and as part of a recovery strategy following the coronavirus pandemic,
the newly adopted NGEU and the 2021-2027 MFF provide a strong response to the shortage of
public funding and public investment in some Member States. Climate mainstreaming in the MFF
will ensure the bulk of resources, while the data showthat NGEU is expected to play a major rolein
boosting climate-relevant expenditure (D'Alfonso A.,2021). In this respect, the final agreement on
2021-2027 EU finances raised the overall objective of climate mainstreaming from 20 % in the
previous programming periodto at least 30 % and the target applies to both the MFF and NGEU. In
absolute figures and considering only the amounts corresponding to the scope of this report (see
Figure 7), the EU mobilised more than €590 billion '"® of budgetary resources for the coming period.
This amount is composed of i) a temporary contribution of €268 billion from NGEU and ii) of what
could be considered as a more permanent contribution'” of €326 billion from the MFF, or around
€47 billion per year up to 2050.

Within the 2021-2027 MFF, various items could be regrouped under headings that will then be
useful in assessing these items’ macroeconomic impact. The first heading regroups the main
investment-related items, namely the Connecting Europe Facility (CEF), the LIFE programme
(Programme for environment and climate action) and the Invest EU Fund, with a total of
€130 billion® or around €18billion per year. The second heading regroups the cohesion items,
namely the Cohesion Fund, the European Regional Development Fund (ERDF), the Recovery
Assistance for Cohesion and the Territories of Europe package (REACT EU) and the Just
Transformation Fund, with a total of €156 billion or around €22 billion per year. The third heading
regroups funding directly related to supporting R&D, namely Horizon Europe and ITER, with a total
of €39 billion or around €5.6 billion per year.

Finally, considering the scope of this report, which primarily focuses on energy systems, the two
remaining headings — on common agricultural policy and fisheries, and cooperation and
assistance —are notincluded in the calculations. Although this separation is not always clear-cut and
some programmes might alsohave investment, R&D and cohesion impacts, a detailed evaluation of
each programme is beyondthe scope of this report.

115 The cost of non-Europe in the digital area could be estimated at around €118 billion per year. See Teasdale, A, (editor),

2019, op. cit.
This does not take into account the amount generated through the ETS, MFF spending on the CAP and fisheriesand
on international cooperation and assistance.

116

"7 Itis indeed likely that the MFF will be renewed in the future, although the amount might vary and the composition

could naturally be altered, in particular if new programmes are added. The purpose here isto evaluate the impact of
the current proposal, as by definition the content of future MFF agreements is not known in advance.

118 Amounts taken from D'Alfonso A. (2021).
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Figure 7 — EU-led sustainable investment plan
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3.2.2. Evaluating the impactof climate-related EU budgetary action
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Source: EPRS.

A series of macro-modelling exercises have already been conducted toassess the potentialimpacts
of EU budgetary action. In this section, we start by reviewing the literature and by computing the
results for the NGEU headings related to spending on climate; for climate-related investmentin the
MFF; and for climate-related R&D spending in the MFF. One key difference between NGEU and the
MFF is that NGEU is supposed to be temporary. It should therefore be treated as a temporary shock
in the various models. A recent paper by the ECB'” provides a detailed analysis of the
macroeconomic impact of NGEU and compares the results of simulations done by two different
models, —EAGLE'®and ECB-base'”' - and with the basic model elasticities (BMEs) of the forecasting
models in use in the national central banks of the Eurosystem. Another simulation exercise was
carried out by the European Commissionusingthe QUEST model.'? Asdescribed in Figure 7 above,

119 Bankowski K., Ferdinandusse M., Hauptmeier S., Jacquinot P., Valenta V., 2021.The macroeconomic impact of the Next
Generation EU instrument on the euro area, Occasional Paper Series 255, European Central Bank.

120 EAGLE is an ECB large dynamic stochastic general equilibrium (DSGE) model of the euro area and global economy
that has been adapted to reflect the modalities of the NGEU instrument.

121 ECB-BASE is an ECB semi-structural model.

122 QUEST is a dynamic stochastic general equilibrium (DGSE) model developed by the European Commission. See
European Commission, European Economic Forecast, institutional paper 136, November 2020 and European
Commission, Identifying Europe's recovery needs, SWD(2020) 98 final, May 2020.
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only a certain proportion of NGEU will be directed towards spending related to the green
transformation. The authorsof the present report have therefore recalibrated the results so that they
correspond to the climate part of the funds (representing €268 billion) within NGEU. Finally, they
recall theresults obtained with E3SME'2 in the Annex|l study. Theresultsare presentedin Table 3.

Table 3 - Macroeconomic impact (% GDP difference with the baseline) of climate-related
spending in NGEU (temporary spending of €268 billion), year comparedto baseline

0.1 0.1 0.2 0.2 0.3 0.0 0.0 0.0

E3ME

BMEs 0.1 0.3 0.5 0.6 0.5 0.0 0.0 0.0
ECB base 0.1 0.3 0.4 0.5 0.6 0.2 0.2 0.2
Eagle 0.2 0.2 0.3 0.4 0.6 0.5 0.4 0.4
Quest 0.5 0.7 0.8 0.8 0.5 0.4 0.4 0.4
Average 0.2% 0.3% 0.4% 0.5% 0.5% 0.2% 0.2% 0.2%

Data source: Authors' own calculations based on ECB, European Commission and E3ME data from Hoogland
etal., 2021.

All models confirm a positive and significantimpact on GDP for the NGEU horizon. The direct effect
of NGEU climate-related spendingwill be particularly important in the 2021-2025 period. In the long
run, on average, climate-related spending in NGEU is expected to boost EU potential GDP by around
+0.2 % and the effect is the strongest under EAGLE and QUEST (+0.4 %). The main differences arise
from the differences in the modelling assumptions and from the specific characteristics of each
model.'

Regarding investment and cohesion funds in the MFF, a number of modelling exerciseshave also
already studied the potential macroeconomic impact in detail. An earlier study by the European
Commission'® using the QUEST model analysed the effects of various government budgetary
interventions. It simulated the impact of a tax-financed'® permanent increase in government
investment. The ECB, ' using the EAGLE model, conducted a series of similar simulations. The EIB,
using the Rhomolomodel,'* also conducted an evaluation of thelong-termimpact of its investment
activities ' and more specifically of the funds invested under the European Fund for Strategic

125 E3ME is a macroeconomic model that integrates a range of social and environmental processes. See Cambridge
Econometrics, E3ME Technical Manual v6.1, 2019.

124 For more detailed explanations on the assumptions, characteristics and specificities of each ECB model for this
exercise, see Bankowski et al, 2021, op. cit. For QUEST, see European Commission, 2020, op. cit. For E3ME, see
Cambridge Econometrics, E3ME Technical Manual, Vol. 6.1,2019.

125 Roeger W, and In't Veld J,, Fiscal policy with credit constrained households, European Commission, January 2009.

126 The impact might vary depending on which type of funding is used to finance the investment, with a higher long-
termimpact for debt-and government consumption-financed investment. Our results could therefore be considered
a prudent estimate.

127" De Jong J.,, Ferdinandusse M., Funda J,, Vetlov |, The effect of public investment in Europe: a model-based assessment,
ECB Working Paper Series, 2017.

126 RHOMOLO is the spatial computable general equilibrium model of the European Commission focusing on EU regions.
See Lecca, P, Barbero Jimenez, J., Christensen, M., Conte, A., Di Comite, F., Diaz Lanchas, J., Diukanova, O., Mandras,
G,, Persyn, D. and Sakkas, S.,, RHOMOLO V3: A Spatial Modelling Framework, 2018.

129 EIB, Assessing the macroeconomic impact of the EIB group. Economics — Impact Studies. European Investment Bank,
June 2018.
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Investment (EFSI)."° The present report uses these results to derive an average estimate of the
potential impact of climate-related investments. Its authors assume that investment and cohesion
funds will have a permanent character. They furthermore also assume a unique multiplier and
always refer to the central modelling scenario. Moreover, as described in Figure 7 above, only a
certain percentage of MFF investment and cohesion funds will be directed towards the green
transformation. The authors of the present report therefore recalibrate the existing results so that
they correspond tothe climate part ofinvestmentin the MFF (representing €130 billion per financial
period or around €41 billion per year on average). Theresultsare presentedin Table 4.

Table 4 - Macroeconomic impact (% GDP difference with the baseline) of climate-related
investmentsand cohesion funds in the MFF (permanent investment of €41 billionperyear
on average), year comparedto the baseline (2020)

E3ME

Rhomolo 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.4
Eagle 0.4 0.3 0.2 0.3 0.3 0.4 0.4 0.4
Quest 0.2 0.1 0.1 0.1 0.1 0.2 0.4 0.4
Average 0.2% 0.2% 0.1% 0.1% 0.2% 0.2% 0.4% 0.4%

Data source: Authors'own calculations using ECB, European Commission and E3ME data.

All models again confirm a positive and significant impact on GDP. In the long run, on average,
climate-related investment in the MFF is expected to boost EU potential GDP by around 0.4 %. All
three models - that of the European Commission, the ECB and the EIB - provide relatively similar
results for the long-term impact (around +0.4 %), but differ in their short-term and medium-term
estimates. E3ME displays a lower impact. This is again explained by differences in the modelling
assumptions and by the specific characteristics of each model.”' In particular, long-run output
effects are the strongest according to EAGLE and QUEST, which are both more advanced
macroeconomic DGSE models and are more adapted to measuring the expected long-term
structural effects of policies. The results obtained by the authors of this report are in line with other
empirical analyses in the literature. The IMF, for instance, conducted a comprehensive review of such
empirical evidence about the macroeconomic effects of public investment.’ The results confirm
thatin the current economic circumstances, increased publicinvestment raises output, both in the
shortterm andin thelong term, crowds-in privateinvestment, and reduces unemployment.

Regarding the impact of climate-related research, development and innovation (RD&I) spending
in the MFF, the study in Annex Il does not include a specific modelling scenario analysing the
potential benefits of EU action. As innovation is the main source of economic growthand given the
crucialimportance of RD&l for the green transformation, this reinforces the necessity to always rely
on more than just one type of model when gathering evidence. Thus, an ad-hoc calculation was
conducted establishing that R&D spending in the MFF could generate up to €113 billion over 25
years from 2021 to 2036 or around 0.03 % of GDP per year on average. A series of more relevant

130 EIB, 2018 EIB Group Financing and Investment Operations under EFSI. European Investment Bank, 2018.

131 For more detailed explanations on the assumptions, characteristics and specificities of each ECB model for this
exercise, see Bankowski etal, 2021, op. cit. For QUEST, see European Economic Forecast, 2020, op. cit. For E3ME, see
the study in Annex|l of thisreport.

132 Abiad A, Furceri D, Topalova P. The macroeconomic effects of public investment: evidence from advanced
economies, IMF, 2015.
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simulations ' using three different models (Nemesis, ** QUEST and Rhomolo) have been used to
evaluate the macroeconomicimpact of EU RD&l as part of an EU impact assessment of the Horizon
Europe programme. All three models analyse the impact of funding of the Horizon Europe
programme (at €77 billion in total for the previous MFF period). However, as described in Figure 7
above, only a certain percentage of MFF RD&l will be directed towards the green transformation.
The authors of the present report therefore recalibrated the existing results to make them
correspond to the climate part of investment in the MFF, in which they also included the funds
directed towards ITER (€39 billion per financial period or around €6 billion per year on average).
They used these results to derive an average estimate of the potential impact of climate-related
RD&l spending, assuming that they will have a permanent character. The results are presented in
Table5.

Table 5 - Macroeconomic impact (% GDP difference with the baseline) of climate-related
RD&l spending in the MFF (permanent spending of €6 billion per year on average), year
comparedto the baseline (2020)

Rhomolo

Quest 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3
Nemesis 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.4
Average 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.3%

Data source: Authors' own calculations using European Commission data.

Overall, Nemesis, QUEST and Rhomolo present consistent results in terms of the sign and temporal
pattern of the GDP gains.In the long run, on average, climate-related RD&I spending in the MFF is
expected to boost EU potential GDP by around 0.3 %. The size of the GDP gains is the highest when
based on the Nemesis results. This can be explained by the fact that the three models use different
sets ofinnovation channels andelasticities. Furthermore, Nemesisis assuming ahigherleverage and
expected performance of EU funding for RD&I. The results also confirm that having an excessively
fragmented EU research, occasionally coupled with duplication of research activities among the
Member States, is a very inefficient and ineffective approach to developing greentechnologies.

3.3. Substantial economic and competitiveness benefits could
also accrue

In addition to budgetary action, the EU has a key role to play through its regulatory instruments,
such as the EU ETS and the Taxonomy Regulation, through standard settings and through its
coordinating role of actions at Member State level. Here it is worth recalling that the reference
scenario (REF), which serves as a baseline, already includes the EU energy, transport, and climate
acquis as of the end of 2019. It covers energy policies updated with the Clean Energy for All
Europeans package and its eight legislative acts setting the EU energy targets for 2030 and paving

133 European Commission, Impact Assessment accompanying the document Proposals for arequlation of the European
Parliament and the Council establishing Horizon Europe —the Framework Programme for Research and Innovation,
laying down its rules for participation and dissemination, SWD(2018) 307 final, June 2018.

134 The NEMESIS model (New Econometric Model of Evaluation by Sectoral Interdependency and Supply) is a sectoral

detailed macroeconomic model for the European Union. See Boitier et al., NEMESIS Model: Full description. Tech. rep.,
SEURECO. 2018.
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the way for their achievement.” Furthermore, it includes revised EU policies like theEU ETS, the CO.
standardsfor vehicles, the Regulation on F-gas, the legislation on waste, the Directive on Alternative
Fuels Infrastructure (AFID), the TEN-T Regulation, the fourth railway package, the Clean Vehicles
Directive.**Further potential challenges and actions in each sectorof the economy that correspond
to the MIX55 scenario are described in detail in the study in Annex I."* Non-budgetary policy
options mainly concern carbon pricing through the EU ETS (notably EU-wide carbon pricing for
buildings and road transport), the setting of more stringent standards and minimum requirements
(40 % of energy from renewable sources by 2030, and in buildingsfossil fuels consumptions reduced
by 58 % in 2030). They also include bans on specificenergy vectors/technologies/applications (coal
phase-out, phase-out of other fossil fuels in power plants by 2050 unless connected to CCS, all
Member States ban new fossil fuelled cars from 2030, ban of fossil fuel boilers). Finaly, they include
better market design and market regulation, strategy development, infrastructure planning and
target setting (increasesin renewable-based electricity production in industry, fuel switches (eg. to
electricity and clean gases) and new technologies (e.g. CCUS technologies, low-emission steel
production), increase of communication and training. This is therefore in line with the measures
announced recently by the European Commission.'® In the following section, the report analyses
these issues, focusing on the economic benefit that could stem from an ambitious and united EU
approach.

3.3.1. Impact of the EU ETS and the Taxonomy Regulation

Regarding the impact of the EU Emission Trading Scheme, it is first worth recalling the
pioneering and visionary role of the EU in establishing what is the largest GHG emissions trading
systemin the world."*This allows for maximal thickness of the market, minimal administrative costs
and an overall higher efficiency compared to systems based on local/regional/national markets for
emissions. The EU ETS is also a far less costly instrument compared to more traditional command
and controlregulatorytoolsused by the EU. Moreover, the EU ETS is a source of publicresources, as
auctioning generatesrevenues to governmentsthat can be used to fund other policies. According
to the latest report on the functioning of the European carbon market,' revenues from the
auctioning of EU allowances already increased from €5.5 billion in 2017 to more than €14 billion in
2019, reflecting theincrease in the allowance price. Over the course of 2019, a total of 77 % of these
revenues were directed towards spending onclimate and energy-related purposes. Recently, an ex
post evaluation of the three initial phases of the EU ETS 2 investigated theimpact ofthe EU ETS on

35 The recast Renewable Energy Directive (RED 1) and amending Directive on the Energy Efficiency and the Energy

Performance of Buildings Directive, as well as the new Electricity Regulation and the amending Electricity Directive
are the central pillars of the package.

136 See European Commission, EU reference scenario 2020 — Energy, transport and GHG emissions: trends to 2050, July

2021 for a detailed account of all EU policies considered.

137 See the study in Annex|I, Chapters 2 and 3.

138 European Commission, Communication on 'Fit for 55': delivering the EU's 2030 Climate Target on the way to climate

neutrality, COM(2021) 550 final, July 2021.

139 Directive 2003/87/EC of the European Parliament and of the Council of 13 October 2003 establishing a system for
greenhouse gas emission allowance trading within the Union and amending Council Directive 96/61/EC

140 The current ETS coversaround 40 % of the EU's GHG emissions and around 800 million allocations were auctioned in

2019 according to the EEA.
European Commission, Report on the functioning of the European carbon market Brussels, COM(2020) 740 final,
November 2020.

Saulnier J,, Improving the quality of public spending in Europe — Budgetary 'waste rates' in EU Member States, EPRS,
October 2020.
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performance and profitability during its three past phases.’ It concluded that businesses
profitability and competitiveness were not adversely impacted by the EU ETS, including during the
tightening of the EU ETS regulation between phases 2 and 3, and thatthis might be linkedto positive
productivity and innovation developmentsin the sectorsconcerned. Lookingforward, it suggested
that given the increasing efforts of EU action against climate change, prices of carbon emissions
allowances are expected torise in the future, suggesting potential revenuesabove €50 billion/year
in the medium to long term.

The European Commission recently presented a series of legislative proposals' explaining how it
intends to achieve theintermediate targetof at least 55 % net reduction in GHG emissions by 2030.
The package aims to support the reduction in GHG emissions over the next decade, notably by
increasing the ambition of the existing EU ETS.'* Regarding the impact of the EU ETS deepening
and extension to achieve the net-zero objective in 2050, few up-to-date quantitative results are
available. Earlier results provided some detailed analysis of the potentialimpact of the EUETS up to
2030. The impact assessment by the European Commission'* summarized these results obtained
through modelling exercises using QUEST, E3BME and GEM-E3.' QUEST and E3ME both found a
positive impact of respectively 0.13 and 0.50 % of GDP compared to the baseline in 2030. GEM-E3
assumes free allocation in EU ETS industries outside of the power sector, which does not appear as
being relevant any more. The model thus fails to account for revenue redistribution effects and
display a negative impact ofaround-0.27 % of GDP compared to the baselinein 2030. The studies
also concluded that theimpact of climateand energy policy to achieve 55 % GHG reductions onreal
GDP will depend greatly on how the revenues collected through the EU ETS are used by
governments.

The simulation carried in the study in Annexllcomplements and improves these initial assessments
by providing updated insights into the potential economicimplications arising from the expected
extension of EU ETS to transport and buildings and the increase of the prices of carbon emissions
allowances up to 2050. The main results are reported in Table 6 below. As explained in the study in
Annex lI, achieving net zero will require an extended EU ETS and a substantially higher EU ETS
allowance price. From a macroeconomic point of view, this has directimplications forthe generation
of governmentrevenues (estimated at around €42 billion per year in the long term — Table 6). This
also has a directimpact on potential growth throughthe innovation channelas the higher price of
allowance will accelerate the shift towards decarbonised technologies and thus trigger renewed
research and innovation in this area. As innovation is the main source of modern economic growth,
this implies that the green transformation is completely compatible with long-term economic
growth and it also opens up a vast range of economic opportunities for the most entrepreneurial

143 Phase one corresponds to the period 2005-2007, phase two to the period 2008-2012 and phase three to the period
2023-2020.

144 European Commission, July 2021 op. cit.

45 This notably concerns making necessary adjustments to the Market Stability Reserve, extending the EU ETS to the

maritime sector and implementing the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA),
establishing a new ETS to cover emissions from fuels used in buildings and road transport, and increasing Member
States' emissions reduction targets in a fair and cost-effective way. A detailed evaluation of the impact of each
measure is beyond the scope of this study, which takes a more macroeconomic approach.

146 European Commission, Impact Assessment accompanying the document Proposals for arequlation of the European

Parliament and the Council, the Economic_and Social Committee and the Committee Of the Regions, Stepping up
Europe's 2030 climate ambition Investing in a climate-neutral future for the benefit of our people, SWD(2020) 176
final, September 2020.

For a detailed description of GEM-E3, see Capros P., Van Regemorter D., Paroussos L., Karkatsoulis P., Fragkiadakis C,
Tsani S., Charalampidis I., Revesz T., GEM-E3 Model Documentation, 2013.
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businesses. All in all, the modelling results with E3ME suggest a long term impact of around 05 %

extra GDP comparedto the baseline (Table 6).

Table 6 - Macroeconomic impact of the EU ETS (% GDP difference with the baseline), year

comparedto the baseline (2020)

Estimated
auctioned
allocations™#®
(MtC02EQ) A

Emissions
Allowance Price 35 38 42 45 49 74 146 289
(€/tCO,) B

723 693 662 632 601 449 296 144

Estimated
generated
budgetary
resources

(€)billion)
(A*B)/1000

Macroeconomic

impact (% GDP

difference with 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.3% 0.5%
the baseline -

25 26 28 29 29 33 43 42

E3ME)

Data source: Authors' own calculations based on European Commission and Hoogland et al., 2021 data.

The recently adopted Taxonomy Regulation' it is another important building block that will
contribute to providing the clarity needed on what constitutes a sustainable economic activity. It
will also seek to address the need of redirecting private financing towards clean and sustainable
energy projects and activities. The impact assessment that accompanies the delegated act'° does
not provide a quantification of the potential impact of the taxonomy. Another study'' provides a
more detailed assessment of potential economic implications. It first reviews the scope of the
taxonomy *?and thevarious evaluations of financing needstoachieve various GHG reduction target

148

149

151

152

Estimations up to 2030 are based on the latest EEA report — See Trends and projections in the EU ETS in 2019 — The
EU Emissions Trading System in numbers, Eionet Report - ETC/CME 3/2019, December 2019. It builds upon the Oko-
Institut's MSR model projections up to 2030.The estimations for 2030 assume a prolongation of the past 2020-2030
trend.

A first delegated act on sustainable activities for climate change adaptation and mitigation objectives was adopted
inJuly 2021. A second delegated act for the remaining objectives will be adopted in 2022.The publication of the first
delegated act was accompanied by the adoption of a Commission Communication on 'EU taxonomy, corporate
sustainability reporting, sustainability preferences and fiduciary duties: Directing finance towards the European green
deal'

European Commission, Impact assessment report accompanying the document Commission Delegated Requlation
(EU) supplementing Regulation (EU) 2020/852 of the European Parliament and of the Council by establishing the
technical screening criteria for determining the conditions under which an economic activity qualifies as contributing
substantially to climate change mitigation or climate change adaptation and for determining whether that economic
activity causes no significant_harm to any of the other environmental objectives, SWD(2021) 152 final,June2021.

European technical expert group on sustainable finance, Taxonomy technical report, 2019.

The taxonomy identifies economic activities substantially contributing to climate change objectiveswithin selected
sectors representing 93.2 % of GHG emissions.
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in 2030. It then investigates where EU capital markets stand today in terms of funding
environmentally sustainable economic activities. It concludes that the EU taxonomy would bring
benefits to financial markets participants by increasing transparency, facilitating the identification
of sustainable assets and consequently the integration of sustainability factors in their investment
decisions. Regulators could then leverage the taxonomy to implement new green investment
frameworks atalower cost. The main costsderivedfromthe implementation of thetaxonomy relate
to the collection and management of data needed to assess the compliance with the defined
screening criteria. The study concludes that it would help redirecting financial resources towards
sustainable economicactivities and contribute tofilltheinvestmentgap in the relevant sectors but
do not foresee major challenges for the financial sector.

In the previous chapter, we already indirectly considered the potentialimpact of the taxonomy by
assuming that private investment s leveraged without friction (€112 billion during the next MFF
period) in relation with EIB financing. Asthe taxonomy would mostly induce a transfer of funds from
carbon-related investments to non-carbon-related investments, one might argue that the net
benefit will be small. However, this could substantially reduce the cost of capital in the non-carbon-
related sector, thus potentially leading to substantial growth in this sector, in sustainable finance
and more generally in the economyas a whole. The studyin Annexll provides uswith an investment
trajectory until 2050 for the MIX55 scenario compared to the baseline. Using these results we first
compute theamount ofinterests tobe paid assuminga long terminterestrate backat its long-term
average (at 3.19 % for the period 2001-2020'%) in 2050, assuming a linear increase from a long-term
interest rate of 0.31 % in 2020. The amount of interest on the investments made each year is
computed assuming a 30-year reimbursement schedule. The authors of this report then compute
theamount ofinterestto be paid, assuming a path towardsa lower long-term interest. The authors
then assume a difference of 50 basis points, which is a reasonable assumption giventhe already low
level of interest rates and the indications given by the impact assessment of a potential limited
impact. The difference gives an approximationof an amountof interest payment savings that could
be expected each year from the taxonomyin relation to climate-related investments up to 2050."*
Theresults (presented in Table 7) show a positive long-term macroeconomicimpact of 0.2 % of GDP
representing around €39 billion per year.

Table 7 — Macroeconomicimpact of the Taxonomy Regulation (interest savings in € billion
and % GDP - difference with the baseline), year comparedto the baseline (2020)

Macroeconomic
impact (€ billion)

Macroeconomic
impact (% GDP)

Data source: Authors' own calculations based on Eurostat data.

0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 0.2%

133 See Eurostat, EMU convergence criterion series — annual data, long term interest rates, August 2021.

154 This however does not take into account the broader positive potential impact of the development of ESG related
activities that the taxonomy could induce.
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3.3.2. Moving towards a more integrated energy market with greater energy
efficiency

Substantial benefits could also be expected from a more integrated EU energy market and an
increased energy efficiency resulting from regulatoryaction coordinated at EU level. In particular,
while the EU energy system is transforming towards carbon neutralityand as the share of renewable
is increasing, smart energy use and energy storage will play a key role in ensuring the matching
between energy production and energy consumption. Moreover, the switch to electricity and
renewable sources such as hydrogen and renewable fuels would require added flexibility in the
system and would be achieved at lower cost through sector coupling and integration.'* The EU has
already made some progresstowardsintegrating its gas and electricity markets. It has also started
to facilitate the participation in storage, to support joint initiatives for batteries and hydrogen,
notably through Important Projects of Common European Interest (IPCEl)'*® schemes while
encouraging the use of renewable gases, notably through the proposed revision of the Renewable
Energy Directive and the Energy Taxation Directive.™’

However, as recently stressed by the European Parliament,*® more could be done to improve the
transnational connection for the purpose of balancing energy systems, to improve energy
efficiency, to optimize and decarbonize the energy systems and to accelerate effective progress
towards reaping the benefits of a more integrated EU energy market. As diversification of energy
supply develops, the IEA also stressed'™ that an integrated approach will be essential for a
sustainable energy future as success not only depends on technologies and type of fuels but also
on how the overall energy system functions. As put by the IEA: 'the most important challenge for
energy policy makers will be to move away from a siloes, supply-driven perspective towards one
that enables systems integration' (IEA, 2017). In particular, interconnections, integrationand market
coupling could lead to higher security of supply on the one hand,and to lower overall system costs
ontheother hand, as power generation capacity is used more efficiently and balancing and reserve
capacity including demand response resources can be shared amongst Member States, which
reduces the marginal cost and the overall capacity needs. The study in Annex Il does not provide
any quantitative modelling estimate of further progress in this area. Through a review of the
literature, it estimated thatadditional benefits ranging between €16 billion and €43 billion per year
could be achieved by 2030, which is taken from an earlier report’® that aggregates the existing

155 See Erbach G., Enerqgy storage and sector coupling: Towards an integrated, decarbonised energy system, EPRS, June

2019.

For more on IPCEl see European Commission website available at: https://ec.europa.eu/competition-policy/state-
aid/leqislation/modernisation/ipcei en

156

157 For a review of ongoing initiative see European legislative train schedule https://www.europarl.europa.eu/legislative-

train/theme-a-european-green-deal/file-strateqy-for-smart-sector-integration.

158 European Parliament resolution of 19 May 2021 on a European strateqy for energy system integration;

(2020/2241(INI)).
159 |EA, 2021, 0p cit.

160

Baker P., Hogan M., Kolokathis C, Realising the benefits of European market integration, May 2018.
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relevant results from a previous evaluation coming from the European Commission impact
assessment'® and from an earlier comprehensivestudy (Hoogland et al., 2021, Chapter 4.2.1).'%

In the gas sector, the annexed study estimated that greaterintegration of the gas marketwill likely
produce important economic benefits from price effects and from increased security of supply,
estimating a maximum benefit from price effects (price of gas, and price of flexibility) of up to
€30 billion per year over the 2015-2030 period. Looking at changes in the integration of the EU gas
sector since 2015 by using the dispersion of gas prices between Member Statesas a proxy indicator,
one can deduce that only a small progress has been made (see Figure 8). Therefore, it is assumed
that the totalamount of €30 billion to be realised progressively until 2030 could be discounted by
half the amount corresponding to the linear evolution from 2015 to 2020, representing €5 billion.
Furthermore, it is concluded that around €25 billion of benefits per year could stillbe progressively
achievedin this area. As no estimation is available beyond 2030, it is assumed that thisamountalso
correspondsto thelong term benefit (see Table 8).

Figure 8 — Evolution of pricesand convergence in the gas sector (2012-2020)

Gas prices for household consumer in EU Convergence index
Member States (prices standard deviation between
(Gigajoule - Excluding taxes and levies) Member States)
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Data source: Authors' own calculations based on Eurostat structural indicators data.

In the electricity sector, the study estimated that ambitious action to integrate the market could
deliver benefits of up to €40 billion per year by 2030. This could be reduced by up to €7.5 billion if
the increment in transmission capacity is only half of what is optimal. A reduction in benefit of
€5 billion would apply if cooperation is not optimal and if some Member States seek to achievemore
security of supplyat a national level. Someincrease in benéefitsin the order of up to€0.5 billion could
come from sharing balancing reserves and gains of up to €5 billion could come from using smart
grids to facilitate demand side response. Taking all these elements into account, a reasonable
amount of €33 billion per year by 2030 could still be expected as a result of further integration in
this sector. Looking at changes in the integration of the EU electricity sector since 2015 using the
dispersion of electricity prices between Member States as a proxy indicator, one could see that after
the progress made from 2012 to 2015, progress since then has been modest (see Figure 9). It is
therefore assumedthat thetotalamount of €33 billion to be realised progressively until 2030 could

161 European Commission, Impact assessment Accompanying the document Proposal for a Directive of the European

Parliament and of the Council on common rules for the internal market in electricity (recast) Proposal for a Requlation
of the European Parliament and of the Council on the electricity market (recast) Proposal for a Requlation of the
European Parliament and of the Council establishing a European Union Agency for the Cooperation of Energy
Regulators (recast) Proposal for a Regulation of the European Parliament and of the Council on risk preparedness in
the electricity sector, SWD(2016) 410 final, November 2016.

Benefits of an integrated European energy market, Booz and co, July 2013.
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be discounted by half the amount corresponding to the linear evolution from 2015 to 2020,
representing €5.5 billion. Consequently, it is concluded that around €27.5 billion of benefits peryear
could still be progressively achieved in this area. As no estimation is available beyond 2030, it is
assumed thatthis amountalsocorrespondsto the long term benefit (see Table 8above).

Figure 9 — Evolution of pricesand convergence in the electricity sector (2012-2020)

Electricity prices for household consumer in EU Convergence index
Member States (prices standard deviation between Member
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Data source: Authors' own calculations based on Eurostat structural indicators data.

Furthermore, as stated in the 2030 Climate Target Plan (CTP), the development of renewable
energy will play a fundamental role in achieving net-zero GHG emissions by 2050, as the energy
sector contributes over 75 % of total GHG emissions in the EU. According to the CTP, achieving at
least 55 % GHG emissions reductions would result in an accelerated clean energy transformation
and a greener energy mix, with renewable energy seeing its share reaching 38 % to 40 % of gross
final energy consumption by 2030. Currently, the revised energy directive adopted in 2018 (REDI)
is the main EU instrument dealing with the promotion of energy from renewable sources. The
Commission's proposal for a revised REDII'®* would increase the binding EU minimum share of RES
in final energy consumption to 40 % by 2030, in effect doubling the share of RES in the energy mix
over the next decade. It was estimated in an earlier study '* that large gains of up to €30billion per
year by 2030 would be available if there is a common market for renewable energy with effective
coordination of renewable energy supplyinvestment. Given the new EU ambitions in this area, this
could be considered as a lower estimate. The European Commissionin its impact assessment on its
recent proposal for a revision of REDII,'® estimated using E3ME that measures in this area in the
MIX55 scenario could generateupto 1.1 % GDP increasein 2030 compared to the baseline. This is
however mostly driven by the impact of investments that we already addressed in previous
chapters. Correctingfor these, we arrive atan estimate of around 0.4 % of GDPin 2030. As reductions
in fuel imports are one of the main drivers of the results, we expect the impact to further grow in
line with the reduction of fuel imports from 2030as estimated in the study in Annex|l. This gives a
final impact in 2050 of 0.5% of GDP, or €94 billion in the long term (see Table 8). Assuminga
proportional repartition of the savingslinked to the reduction of fossil fuelimport estimated by the

163 See European Parliament legislative train schedule for the state of play on the revision of the Renewable Energy
Directive.

164 Booz and co, 2013, op cit.

165 European Commission, Impact assessment Accompanying the Proposal for a Directive of the European Parliament
and the Council amending Directive (EU) 2018/2001 of the European Parliament and of the Council, Requlation (EU)
2018/1999 of the European Parliament and of the Council and Directive 98/70/EC of the European Parliament and of
the Council as regards the promotion of enerqgy from renewable sources, and repealing Council Directive (EU)
2015/652 Brussels, SWD(2021) 621 final, July 2021.
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study in Annexll, this could be decomposed into €67 billion (in the long-term in 2050) coming from
benefits derived from a common market for renewable energy and €27 billion (in thelongtermin
2050) from fossilfuelimports savingsdue to increased renewable energy.

Finally, to meet the new EU 2030 climate target, progressinimproving energy efficiency will also
be crucial. The European Commission put forward, in July 2021, a proposal for a new directive on
energy efficiency (EED).'® The proposal promotes 'energy efficiency first' as an overall principle of
EU energy policy. The proposal raises the level of ambition of the EU energy efficiency target and
makes it binding. It proposes EU countries to collectively ensure an additional reduction of energy
consumption of 9% by 2030 which corresponds to the 39 % energy efficiency targets for primary
energy consumption in the CTP. The proposal also nearly doubles the annual energy savings
obligation, which is one of the key policy instruments of the Energy Efficiency Directive to meet the
headline target. EU countries must achieve new savings each year of 1.5% of final energy
consumption from 2024 to 2030, up from the current level of 0.8 %. The impact assessment '*’ based
upon results by E3ME indicates thatin the MIX 55 scenario comparedto reference projections, GDP
is 0.5 % higher in 2030. Another more comprehensive study carried out by the Commission,'®
always using E3ME, evaluates the impact of achieving a 40 % energy efficiency target in 2030 at
around 2.2 % of GDP. This however includes investment impacts and environmental impact that we
already addressed in previous chapters. Correcting for these, we arrive at an estimate of around
0.64 % of GDP in 2030, close to the value in the impact assessment. As explained in the study
reductions in fuel imports are one of the main drivers of the positive GDP results, we expect the
impact to grow in line with the reduction of fuel imports from 2030 as estimated in the study in
Annexll. This gives a final impact in 2050 of 0.80 % of GDP, or €126 billion (see Table 8). Assuming a
proportional repartition of the savingslinked to the reduction of fossil fuelimport estimated by the
study in Annexll, this could be decomposed into €90 billion saving for households and businesses
linked to the sectoral impact of energy efficiency measures and €36 billion linked to fossil fuel
import saving for the EU economy.

166 European Commission, Proposal for a Directive of the European parliament and of the Council on energy efficiency

recast), Brussels, COM(2021) 558 final, July 2021.

European Commission,_Impact assessment Accompanying the Proposal for a Directive of the European Parliament
and of the Council on energy efficiency, SWD(2021) 623 final, July 2021.

European Commission, Report on The macro-level and sectoral impacts of Energy Efficiency policies, June 2017.
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Table 8 — Macroeconomic impact of more integrated EU energy market and increased
energy efficiencyand renewable energy (€billionand % GDP difference with the baseline),
year comparedto the baseline (2020)

Integration of gas

and electricity (A) 4

further effective
integration ofthe gas 2 4 6 8 10 25 25 25
sector

further effective
integration ofthe 2 4 7 9 11 28 28 28
electricity sector

Development of
renewable energy 7 13 18 23 33 61 81 94
(B)

common market for
renewable energy

savings on fossilfuel
imports from EU
renewable and 2 3 5 6 9 17 23 27

energy efficiency

policies

Enforce Energy
efficiency first 11 21 29 36 51 88 111 126

principle (C)
sectoral impact of

energy efficiency 8 16 21 27 37 64 79 920
measures

savings on fossilfuel
imports fromenergy 3 5 7 9 13 24 32 36
efficiency policies

Total (A+B+C)
macroeconomic 22 43 59 76 104 202 245 272
impact (€billion)

Total (A+B+C)
macroeconomic 0.2% 0.3% 0.5% 0.6% 0.8% 1.5% 1.5% 1.5%
impact (% GDP)

Data source: Authors' own calculations based on European Commission data.

3.4.The key role of the EU to ensure a fair transformation that
continuesto contribute to a healthy convergence

The EU’s commitment to transforming its economy towards net-zero emissions is a very laudable
pledge, butitalso needs to ensure that this transformation is fair, thatit contributes to convergence
between the Member States and that it does not lead to fragmentation in the single market. If the
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EU is serious about achieving a net-zero economy, some profound structural changes will have to
be implemented and the related trade-offs have to be addressedin a transparentway.

3.4.1. The EU as a convergence ecosystem

First, regarding the employment impact of decarbonisation, the study in Annex Il provides an
overview of previous modelling estimates' that show a positive impact on employment of
between 0.02 % to 0.60 % depending on the model and on the target for emission reduction
(Hoogland et al., 2021). The results of the studyin Annexllalso finds a positive employmentimpact
in the MIX55 scenario compared to the baseline (see Table 9) According to the study, employment
in thelong term could be 2.1 million higher or 1.1 % higher compared to the baseline.Employment
in the construction sector increases because of the required additional investment in this sector.
There is also a large increase in employment in the utilities sector mostly due to the higher labour
intensity of low-carbon generation technologies. This contributes positively to raising household
income and consumption.

Table 9 - Employmentimpact of moving towards net zero (interest savings in € billionand
% — difference with the baseline)

| v | | | | | | |

Employment
impact 318 444 755 1019 1513 1912 2449 2135
(thousands)
el 02%  02%  04%  05%  07%  09% 12%  1.1%
impact (%)

Data source: Authors' own calculations using Hoogland et al., 2021.

In addition to environmental, economic growth andemploymenteffects, the greentransformation
of the EU economy will also have some important structural social impacts. The success of EU
policies should naturally not be judged exclusively on the basis of its effects on economic growth as
the objectiveis to foster real convergencein the EU. As explained by the World Bank, the EU growth
model, notably through the transfers linked to the cohesion funds and through the MFF but also
through the beneficial impacts of the single market and the EMU, has contributed to large trade,
capital and talent flows (Gill I., Raiser M., 2014). The economicdevelopment that resulted from this
unique EU convergence ecosystem helped boosting prosperity in a way that is both sustainable
and socially inclusive and that brought the continent together.'”° The policies of the European Green
Deal and the budgetary amounts made available through NGEU and the MFF should withoutdoubt
further reinforce this solidarity pillar of the European construction as funds will again be largely
directed towards ensuring that no Member States feels left behind.'”' Looking atthe progress made
in thelast 25 years (see Figure 10.) one could see that the relativestandard of living for the Member
States at the bottom of the distribution curve has converged significantly towards the EU average.
At the same time, the gap with the Member States at the top of the distribution curve has not
increased, resultingin to a substantial reduction of the dispersion of standard of living during the
period (measured by the interquintile difference in terms of GDP per capita in purchasing power

European Commission, 2020 op. cit. with JRC-GEM-E3; European Commission, 2020 op. cit. with E3ME, European
Commission, 2020 op. cit. with E-QUEST.

For a recent review of potential economic impacts of EU integration see Evas, T. et al, Coronavirus and the cost of non-
Europe: An analysis of the economic benefits of common European action, EPRS, 2019.
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71 See European Commission, Recovery and Resilience Facility — Grants allocation per Member State, 2021 and D'Alfonso

A., Next Generation EU. A European instrument to counter the impact of the coronavirus pandemic, EPRS, July 2020.
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parities between the first and thefifth quintile). In absolute terms (see Figure 10b), one could also
see that during the same period and despite unprecedented economic turbulences, the median
GDP per capita'?in the EU has risenin the last 25 years by around €15 000 to reach nearly €25 000
in 2021.

Figure 10— The EU as a convergence ecosystem:a) GDP per capitaconvergence 1995-2021;
and b) median GDP per capital in the EU

GDP per capita convergence (purchasing power Median GDP per capita in the EU (€ per
standard - EU27 =100) capita)
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Data source: Authors' own calculations based on Ameco data.

More elaborated macroeconomic modelling results all confirm this positive convergence impact of
EU cohesion policies. Earlier results using differentmodels'”® all concluded that EU cohesion policy
had a significantly positive effect, with absolute GDP and employment being higher in Member
States at the bottom of the distribution curve than in the absence of EU action. The results also
showed that the majority of theincreasein GDP is attributable to increases in physicaland human
capital and RD&I, which serve to push up productivity and competitiveness over the long-term.
More recently, comprehensive modelling analysis at regional level by the JRC'* using the Rhomolo
model concluded that the long-run impact of EU action on the GDP growth could reach up to 0.7%
abovethe baseline scenario. Thestudy also stressedthatall EU regions benefit from increase in their
standard of leaving triggered by EU funds. If the EU implementsan ambitiousand unitedagendato
move its economy towards net zero in 2050, further positive convergence could therefore be
expected, although given the different relative starting position and different economic and
industrial structure, not all region will make similar progress. This is confirmed by the results of the
study in Annex Il which also find a positive convergence impact in the MIX55 scenario compared
to the baseline (see Table 10). The convergence index (which is measured by the interquartile
difference in terms of realincome between thefirst and the fifth quintile and converted into a base
100 in 2021 index) shows a continuation of the past convergence trend until 2050 in the MIX55
scenario, with a further reduction of the interquintile difference by 33 percentage points. This is a
relative positive development, which confirms that EU leadership and ambitious action in this area
would continue to be beneficial for EU citizens. A fragmented approach on the opposite, in addition

172 GDP per capita is the measure that determines eligibility for cohesions support, and it therefore appears as one of the

potential logical measure to use inan economic assessment.
173 The European Commission in 2007 using three models (HERMIN, QUEST and Ecomod) for an ex-ante assessment of

potential effects of cohesion expenditure over the 2007-2013 programming years. All three models showed positive
output effects from cohesion expenditure.

74 Di Comite, F, Lecca, P., Monfort, P., Persyn, D., Piculescu V., The impact of Cohesion Policy 2007-2015 in EU regions:
Simulations with the RHOMOLO Interregional Dynamic General Equilibrium Model. JRC Working Papers on Territoria
Modelling and Analysis No. 03/2018, European Commission, Seville, JRC114044.
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to its negative environmental costs, would induce less convergence as Member States would not
benefit from the budgetary support of the EU and would have smaller national markets at their
disposalto selltheir green technologies.

Table 10 - Potential convergence gains from an ambitious and united EU approach towards
net zero

Convergence 100
index

Data source: Authors' own calculations based on data from Hoogland et al., 2021.

Taking into consideration the potential positive developments in terms of increased employment
and convergence, one would expect that on the demand side, further gains would also materialize
from a fair transformation, in particularin termsof increased purchasing and consumption power
for EU consumers. The study in Annexll gives an estimation of the difference in terms of additional
consumption between the MIX55 scenario and the baseline until 2050. We consider that this could
be a proxy for the expected monetary benefits that could result from a fair transformation. As
already mentioned and as for the environmental benefits, the gains in this area are not necessary
precisely quantifiable, so this assumption seems reasonable as a first approximation. Nevertheless,
in this reportitis decided to subtract theamount related to the savingsfrom lower energy imports,
asthese havealready been accounted for in the previouschapter.Theresultsare givenin Table 11.
It can be observed thatthe gain from a fair transformation would largely materialise in the medium
and long term, whereas a positive impact in the short term, when the transformation has still not
yet been fully effective, is more subdued.

Table 11 - Potential monetary impact of a fair transformation towards net zero (€ billion
and % - difference with the baseline)

Macroeconomic

impact (€billion) 2 33 156 261

Macroeconomic
impact (% GDP)

Data source: Authors' own calculations based on data from Hoogland, O etal., 2021.

0.1% 0.0% 0.0% 0.0% 0.0% 0.2% 1.0% 1.4%

3.4.2. Cost of non-Europein the area of energy

As described in the previous chapters, the CoNE in the area of energy is made up of various
interrelated and mutually reinforcingbuilding blocks that reflect more direct actions by the EU but
also the equally important regulatory and coordination activities of the Member States. The
estimation of the CoNE in the area of energy can also not be separated from the ongoing
transformation toward a carbon neutral economy. Taking this more holistic perspective, the
purpose of this section is to summarize and aggregate the findings of the previous chapter. The
results are presented in Table 12and Figure 11 below. All monetary calculations have been realised
using the baseline reference GDPfigurefor the EU takenfrom the E3ME baseline scenario (Hoogland
et al., 2021)."° Analysing the results it confirms that the EU energy policy is an area where an

175 Pricesare therefore relative to the baseline GDP expenditure measure at market prices (2010 euro) in the EU-27 in the
baseline scenario.
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ambitious and united EU approach could be key to boosting EU GDP significantly. Further
actions in that field could boost the EU economy by around 3.3 % of EU GDP or €464 billion in 10
years and by up to 5.6 % or more than €1 trillion in the long term (2050). This is comparable to
some other estimatesin theliterature'’*for the broadimpact of ambitious reformsin this area.

Table 12 - Computation of the CoNE — summary table (€ billion per year) - Ambitious and
united EU action vs the baseline

2021 2022 2023 2024 2025 2030 2040 2050

Averted costs of climate

change-related damages 34 107 125 163 203
Benefits from climate-
related NGEU 24 39 56 65 64 31 32 37

investments
Benefits from climate-

related MFF investment 22 19 16 19 23 33 56 66
and cohesion funds

Benefits from climate-

related MFF RD&lI 0 0 0 1 2 14 34 55
spending
Benefits from EU ETS 14 15 16 16 15 14 55 96

Benefits from further
energy sector 4 8 13 17 21 53 53 53
integration

Benefits from the
development of 7 13 18 23 33 61 81 94
renewable energy

Benefits from increasing

. 11 21 29 36 51 88 111 126
energy efficiency
Benefitsfrom thg 0 1 ) 3 4 12 2% 39
Taxonomy Regulation
Benefitsfromgfair 12 6 ) 1 3 33 156 261
transformation
o 129 174 221 268 322 464 767 1029

(CoNE)

Source: Authors' own calculations.

More specifically, the CONE incorporates the gains expected from EU action in 10 policy fields. It thus
complements previous analyses and broadens their scope. The first result, based on looking at
selected climate impacts, reveals that by leading and doing its share to keeping the global
temperatureriseat 1.5 C, the EU could avert damages worth €203 billion per year. With regard to

176 See notably OECD, Investing in Climate, Investing in Growth, 2019.
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the impact of climate-related EU budgetary actions, this report found that climate-related NGEU
investments would bring long-term benefits of €37 billion per year; while benefits from climate-
related MFF investment and cohesion fundsand benefits from climate-related MFF RD&l spending
would reach respectively €66 and €55 billion per year. The EU ETS, through the efficiency gains
that it ensurescompared to non-economic approachesandthrough the double dividend generated
by revenues recycling, would contribute with €96 billion per year.

With regard to the integration of energy markets, a full integration could result in potential gains
for the European economy of at least €53 billion per year. This includes a benefit of €25 billion per
year related to furtherintegration of the electricity marketand €28 billion per year related to further
integration of the gas market. Further development of renewable energy and the respect of EU
targets in that area would bring €94 billion per year. This includes €27 billion from related reduced
EU dependency on fossil fuelimports. Achieving increased energy efficiency in therange of the EU
target of 40 % by 2030, would bring €126 billion per year in economic benéfits. This includes
€36 billion from reduced EU dependency on fossil fuel imports. The EU Taxonomy Regulation by
improving clarity on what responsible energy investment means and by encouraging
environmental and social governance would increase GDP by €39 billion per year. Finally, by
ensuring a fair transformation where no one feels left behind, the EU could ensure that an additional
benefit of €261billion per year materialises.

Figure 11 - CoNEinenergy: Ambitious and united EU action vs the baseline (€ billion per year)

CONE in energy
(benefits from an ambitious and united EU approach - € billion)
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B Benefits from a fair transition
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Source: Authors' own calculations.
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As usualin this kind of exercise, theresultsare subject toa number of well-known caveats. First, non-
market damages are captured only partially. Forinstance we do not include all potential co-benefits
such as reduced air pollution and co-costs that could also be triggered by the transformation
towards a greener EU economy. The induced effects, notably on health and productivity could
therefore be affected. The results are also subject to uncertainty, in particular the results on the
averted costs of climate change-related damages as by nature, extreme events and their possible
systemic effects are highly uncertain and difficult to quantify. In such a long term horizon,
projections are less stable as uncertainty increases with time.Results are also dependent on some
assumptions made, such as when certain technologies will be available. That being said, investment
made today and trajectory taken regarding the energy sector have long term impacts, so it is
important to haveavision of the situationas it currently stands.
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4. Priority EU policy actions for the energy transformation

Having discussed the main key policy challenges that the EU faces in its quest towards a net-zero
economy and energy systemin 2050 and having looked at the potential environmental, economic
and social impacts of this transformation, this chapter presents the priority actions that could
enable an effective energy transformation. The selection is done based on the results of the study
in Annex Il and the available literature (listed in the References Section at the end). The proposed
actions are not exhaustive and do not address all of the related challenges mentioned above. They
were selected based on the assumption that these EU level actions could bring the most added
value and be of the highest interest, considering the remit of the EP ITRE committee that has
requested this report.

Pledges and commitments that are not operationalised and effectively implemented will not be
sufficient to provide guidance, make actual change and deliver on the expectations of citizens. It
has also to be acknowledged that acting on the energy transformation, some sensitive trade-offs
will need to be addressed. Moreover,the European Parliament, as a direct representation of the EU
citizens, has a central role to play in making sure that the energy transformation happens in a fair
way, to the benefit of all EU socialand economicactors.

4.1. Ensuring ambitious and long-term financing and innovation

A massive and rapid deployment of renewable energy and its necessary infrastructure coupled with
investment bringing energy efficiency are necessary if carbon emissions are to be sharply reduced
within the energy system. As highlightedin the study in Annex|I, private funding will need to be
supported by public funding. Given the constrained budgets of an increasing number of Member
States, only sustained EU financing can bring the resources to deliver on the necessary climate
ambitions while ensuring solidarity (see Chapter3).

Moreover, as shown in Chapter2, many challengesarelinked to the fact that the necessary carbon-
neutral technology is not yet widely deployed and sometimes not even available and that it will
require investing significant resources to RD&l to match EU ambitions. An appropriate level of
long-term EU RD&I financing will be key for the future of EU sustainable growth and
competitiveness of a decarbonising economy. It will determine if the objective of a rapid
development and deployment of carbon-neutral technologies can be achieved. Common EU
investment capacities make perfect economicsense. Forexamplein research, theyallow to benefit
from large economies of scale in some programmes, but also to avoid waste of resources in
duplication of existing parallel national research programmesin 27 Member States.

Moreover, the appropriate amount of financing will allow the EU not to lose in the global green
technology race and ensure more EU competitiveness, strategic autonomy and less costly
dependencies. This could also ensure that past mistakes such as lost competitive advantage in
deployment of some green technologies (notably solar panels) are avoided by strategic finandng
In particular, continent-wide research and innovation cooperation and investment is proved to
bring benefits and European added value (Teasdale, A.,2019; Beun, H., et al., 2019). EU actions and
investmentsin research are delivering publicgoods that would not be doneby private sector alone.
Common EU Member States' action in this field is more coherent and efficient compared to
individual one, and can reap the benefits of economies of scale. The success of relevant policies,
instruments and actions could be reflected in an increased level of EU patenting of green
technologies in the next decade.
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Key EU actions in energy projects financing and innovation

* ensure appropriate long-term investment for clean energy projects;

* ensure a continuous support for energy efficiency investment and riskier energy projects
(e.g. as currently done through EIB);

* ensure RD&l scale-up and deployment of greentechnologies;

¥ strengthen collaborative research and investment at EU level. For example consider new
IPCEls e.g. to scale-up: hydrogen production, power-to-Xand CCUS;

* ensure efficient use of mobilised common resources, avoid budgetary waste and improve
coordination between EU funds and between EU, national, regional and local spending.

Source: Prepared by the authors.

4.2. Ensuring afair transformation so that no one feels left behind

Following a net-zero pathway is an unprecedented effort that presents many socio-economic
challenges but also opportunities.'” Such a ground-breaking and rapid transformation 'cannot be
achieved without sustained support and participation from citizens' (IEA, 2021). Ensuring that it is
done fairly and leaves no one behind might be the biggest societal challenge of climate
transformation. Although the EU has recently taken some action to ensure that the net zero
transformation is just and inclusive, it still needs to ensure that objectives are translated into
tangible and sustainable over a long term results. Acceleration of the annual renovation rate,
reduction of energy poverty and successful re-orientation of economies of fossil-fuel
dependant regions, would be signs that the EU is moving in the right direction. Meanwhile, the
recently adopted NGEU package constitutes an important opportunity for Member States to
address socio-economic challenges of clean energy transformation in their reforms and
investments. However, it remains to be seenif the available funding and investment potential will
be used effectively and efficiently as well as whether it will be enough to achieve EU long-term
objectives.

Critically ensuring affordable and competitive electricity prices could be challenging. Recent
spikein gas prices that is expected to be projected into raises in both gas and electricity prices for
EU households, shows how EU energy consumers are vulnerable to shocks related to energy
imports. Strengthening cooperation at EU level on energy prices and security of supply could help
addressing some of the arising challenges, support Member Stateaction at national level and allow
to speak with one voice atinternational level.

Finding theright tools, discussing the trade-offs in an inclusive way and effectively implementing
the collectively found solutions will be key to ensure that those most in need are also benefiting
from them.'”® EU level cooperation can support the fairness of the transformation by further
enhancing territorial and country level convergence as well as cohesion. Moreover, involvement
of the EP, civil society and representativesofall societal groupsat all stages of the policy discussion
should be reinforced to ensure inclusiveness and transparency. Without these, thereis a risk that
citizens and other stakeholders might feel excluded and their voice not heard. An effective and
democratic energy transformation needs whole of society on board of such an unprecedented
change.

177 See Chapter 2.2 for a description of the social challengesand Chapter 3.4 for a quantification of the social impacts of
EU energy transformation.

178 European Commission, Proposal for a requlation establishing a Social Climate Fund, COM(2021)568 final.
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Key EU actions in ensuring a fair transformation

> ensure that poor and vulnerable households are protected and empowered as energy
consumers, thus reducing energy poverty;

> ensure affordable prices of energy and universal access to energy by making sure that any
financial burden of energy transformation is shared fairly and in a transparent way between,
energy exporters, energy providers, consumers and taxpayers;

> ensure that energy efficiency of buildings is boosted in the EU, is fit for the EU’s climate and
energy objectives and delivers not only growth and jobs but also environmental benefits;

> ensure that the necessary investment to finance the transformation does not increase the
overall burden of taxation within the EU, which could have potential negative
consequences in terms of competitiveness;

> ensure democratic representation, dialogue and transparency during development of the
transformation’s policies and actions.

Source: Prepared by the authors.

4.3. Ensuring a well-functioning and integrated internal energy
market

A well-functioning internal energy marketis integral to the successful realisation of carbon-neutral
pathways. It willalso create a level-playing field for businesses and consumersand could accelerate
the EU energy transformation. Nevertheless, in the pursuit of climate and energy policies there are
many trade-offs between the need for competitive markets, on the one hand, and the need for
public intervention (including the allocation of public finances for low-carbon investment), on the
other. One needs to make sure that public support and subsidies do not hamper competition and
do not contribute to fragmentationof the energy market. The challengeis also to avoid distortive
subsidies and an excessive and heavy multi-layered administrative burden that reduces
efficiency, slows entrepreneurship, reduces competition and restricts the market entry of new
innovative competitors. The EU has a key supportive role to play, by ensuring that successful EU
businesses gets fullaccess to the single marketfor their green productsand services, without having
to face the heavy multi-layered requirements placed by some national markets for the sake of
artificially protecting uncompetitive localincumbents.

A key role for the EU would be to ensure the harmonisation of carbon neutral technologies, the
development of new and the strengthening of existing standards, and to ensure a well-
functioning internal market. Pursuing the transformationin a technology neutral way would help
avoid market distortions, divisions and a non-respect of emission reduction objectives. A common
understanding of best toolsand solutions together with a concerted realisation of objectives could
ensurethe transformation's success. If merged, the efforts channelled towards achieving the digital
and the energy transformation will be mutually reinforcing. As the IEA recommends, the EU could
benefit a lot from an energy system-wide approach if it would adopt the right regulatory rules for
system integration. This would necessitate action on removing existing barriers (related to carbon-
pricing signals, regulatory aspectsand infrastructure development) and bold action for supporting
key clean fuel industries such as low-carbon hydrogen (e.g. facilitating regional clusters and
enablinginfrastructureand industrial alliances) (IEA, 2020).

Further integration means a more effective EU energy union. Increasing interconnections and
energy flows between the Member Statesto the desiredlevel would need to be backed by coherent
political action both on the EU market butalso in relations with third countriesto deliverenergy and

48



EU energy system transformation

ensure the EU citizens’ desired level of security of supply (see more in the following chapter). A
potentially effective toolthat could strengthen the EU energy union would be the development of
aframework for public procurement and collective purchasing in energy (as has been proposed
by the EP in the past for gas'”®).

Key EU actions in internal energy market

> ensure the right carbon-price signals, avoid distortive subsidies and an excessive and heavy
multi-layered administrative burden;

> ensure that the EU internal market works for the green transformation: strengthen fair
competition through appropriate competition and state aid rules; and build an enabling
regulatory environment through standardisation and harmonisation of new carbon-neutral
technologies;

7> ensure thatenergy system integration is a key priority, that regulatory barriers are removed,
and that an enabling policy and funding for development of innovation, technology and
digitalisation are available;

> ensure a more integrated and secure energy market. Consider initiatives — such as public
procurement and collective purchasing in energy — that strengthen EU energy policy.

Source: Prepared by the authors.

4.4. Ensuringa moresstrategic,unitedand credible energy security
policy and global multilateral cooperation

A lack of EU ambition to pursue a credible and effective decarbonisation pathwaywould be received
as a bad signal at international level, as the EU has so far spearheaded the fight against climate
change. Given the accumulated amountof past GHG emissions, one can claim that the EU hasa duty
to provethatattainingnet zero GHG emissions is achievable.

In the upcoming shifts in global fossil fuel demand and supply, the EU should strengthenits actions
and be more united towards third supplier countries. In the short term, before higher levels of
energy supply independence could be ensured thanks to renewables and carbon-neutral
technologies deployment, this could avoid an excessive leakage of added value as well as some
excessive prices that some Member States are facing, and help the bloc as a whole reap benefits
from lower external energy dependency.

The EUis the world's biggest fossil fuel energy productsimporter, and this strengthensthe case to
be made for this immense import bill being paid entirely in euros (and not only 20 % of it as is
currently the case) (European Commission, 2018; Ribakova, E. and Bruegel, 2019). The European
Commission hassofarissuedrecommendations onthe issue to Member Statesandanalyses on how
to bestimplement them. Wider use of the euro ininternational energy transactions could bring
several benefits including reducing therisk of disruption of energy supplies and counterbalandng
thevariationin exchange rates.'®

79 European Parliament resolution of 15 December 2015 on Towards a European Energy Union (2015/2113(INI)),
P8 TA(2015)0444.

For other potential actions to take that would increase EU resilience in the energy area, see the chapter on 'Reducing
energy dependency and enhancing energy efficiency in the EU' in the EPRS, DG IPOL and DG EXPO publication:
Towards amore resilient Europe post-coronavirus. Options to enhance the EU's resilience to structural risks, European
Parliamentary Research Service with the Directorates-General for Internal Policies (IPOL) and External Policies (EXPO)
PE 659.437, April 2021.
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At the same time, in the long term, the EU should continue to ensure its security of supply by
pursuing an effective energy efficiency policy, as well as diversifying its suppliers and energy
sources. Energy markets and renewables marketscan become trulyintegratedand interconnected
across the EUifthey canyield cost-savings while also maintainingsecurity of supply.

The EU needs a long-term common vision to address the problem of carbon leakage. To mitigate
the impacts of ambitious EU climate policies on the competitiveness of EU industry, a WTO-
compliant carbon borderadjustment mechanismadvocated by the EU Parliamentis a solution that
is currently being considered by the European Commission (European Commission, 2020b).

Key EU actions in energy security and at international level

> aim at a united approach towards third energy supplier countries;

> ensure wider use of the euro in international agreements and non-binding instruments
related to energy;

> ensure continuous diversification of supply through diversification of suppliers as well as
through furtherintegration and interconnectivity of the internal energy market;

> ensure a WTO-compliant carbon mechanism on the EU external border to ensure the
competitiveness of EU industry during this unprecedented energy transformation.

Source: Prepared by the authors.
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5. Conclusion

Achieving climate neutrality (net-zero GHG emissions) in 29 years from now is an unprecedented
challenge at a global scale. It is about realising a public good of paramount importance - the
protection of Earth's climate to avoid the worst climate change effects. This objective requires
making profound structural changes in the whole of economy and society. Rapidly transforming
energy systems to non-GHG emitting ones will determine whether this race against the clock can
be won. However, this transformation is not only about limiting GHG emissions - it would not be
successful if it is not fair and transparent. It will also not be successful if it deepens existing social
and economicinequalities, if citizens aroundthe world do not playan importantpartin it as energy
consumers and prosumers andif the most vulnerable social groups lose instead of benefit fromthe
changes that willbe made. This transformation should leave everyone better off.

Although there are many challenges ahead and each country has a different starting point in
decarbonising its energy system,many key objectives that need to be achieved cannot be attained
by individual and uncoordinated action at national level. On the contrary, a fragmented approach
would only increase costs and would not allow the targets to be achieved. This naturally does not
exclude animportant and necessary action at all levels of governance.

Looking at these issues, this report reaffirms that the decarbonisation of the European energy
system is not possible without ambitious and united EU action. The cost of non-Europein energy
transformation means that maintaining the status quo or reverting to fragmented action for
reducing GHG emissions and transforming the EU energy systems would be less efficient, less
effective, but also costly and unfair. As presented in previous chapters, other socio-economic
benefits of EU inaction would be forgone as well. Some of them were possible to calculate in this
report, while others were out of its scope and would require more detailed research and
quantification.

Action and cooperation at EU level has a potential to enable many of the necessary and rapid
measures needed to be taken with regard to theinternal energy market,addressingissues such as
security of energy supply, pushing needed green technologies on the market, and ensuring an
appropriate level of public financing by providing funds, grants and loans. Opportunities such as
economies of scale and coordination gains should be seized, thereby delivering European added
value (EAV) in terms of policies and financing.

Mitigating some potential socio-economicnegative effects of the transformation could also be
effectively and efficiently addressed at EU level, in order to ensure coherence and convergence
within the Union. More specifically, further action at EU level should be foreseen to ensure that EU
citizens have the necessary means to have access to appropriate levels of clean energy. EU energy
consumer rights should also be further strengthened and a level playing field ensured for EU
business.

However, failure to arrive at common approaches in this area, in particular through collectively
addressing volatile energy prices andsystemicrisks emerging fromthe dependency of the EU from
external suppliers would resultin the non-materialisation of some orof the entirety of the potential
benefits presented in thisreport. In a more and more uncertain world, systematically stress testing
ongoing initiativesand movingaway from feel good agendas towards a more strategic vision would
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be essential as preparedness and foresight prove beneficial in increasing resilience and robustness
in times of crisis.™'

Another argument in favour of further EU commitment and action on the energy system
transformation is that EU citizens seem to fully support EU level action on climate change.'®
Moreover, EU citizens seem to be better informed than other citizens on how to reduce their
individual climate change impact, although there is room for improvement.’®® The European
Parliament has an important role to play as EU citizens favour seeing its role increase including in
relation to green transformation.*

Finally, the EU cannot act alone at a global scale - there needs to be a coordinated multilateral
international effort backed by concrete actions asthereis no time left for promisesand pledges that
do notdeliver.The EU has a very important role to play as a leader and has many experience to
share after pursuinga relatively ambitious decarbonisation path for overa decade. The EU has also
a duty to act as it has been one of the main contributors to the GHG stock accumulated in the
atmosphere since the industrial revolution as well as due to some unsustainable consumption
patterns.

181 For more on EPRS work on stress testing see: Fernandes, M. and Heflich A, Future proofing' EU policies-The why, what
and how of stress testing, European Parliamentary Research Service, European Added Value Unit PE 694.209 - July
2021.

https://ec.europa.eu/clima/citizens/support_en.

182

183 https://www.ipsos.com/en/ipsos-perils-perception-climate-change.
184

Parlemeter 2020: A Glimpse of Certainty in Uncertain Times.
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ANNEXI

Figure 12: Climate mainstreaminginthe EU MFF (2021-2027) and in NGEU

) ., | Expected Expected Expected
Financial | ", ) .
minimum climate climate
envelope| . o o
(€ billion) climate | contribution (€ |contribution per
target billion) year (€ billion)

COVERED IN THIS STUDY

NGEU-Recovery and Resilience Facility (Grants) 338 37% 125

NGEU-Recovery and Resilience Facility (Loans) 386 37% 143

TOTAL NGEU 268 38

ConnectingEuropeFacility (CEF) 21 60% 12

LIFE (Programme for environment and climate action) 5 61% 3

Invest EU Fund 10 30% 3

Expected investment leveraged by Invest EU through the EIB 372 30% 112

Total investment funds 130 19

Cohesion Fund 48 37% 18

European Regional Development Fund (ERDF) 226 30% 68

REACT EU 51 25% 13

Just Transition Fund 19 100% 19

Cofinancing at Member States level 114 34% 39

Total cohesion funds 156 22

Total MFF investment and cohesion funds 287 41

Horizon Europe 96 35% 33

ITER 6 100% 6

Total MFF RD&lI 39 6

TOTAL MFF covered in this study 326 47

TOTAL MFF + NGEU covered in this study 593 85

NOT COVERED IN THIS STUDY

Common agricultural policy 2021-2022 117 26% 30

Common agricultural policy 2023-2027 270 40% 108

European Maritime Fisheries and Aquaculture Fund 6 30% 2

Total MFF CAP and fisheries 140 20

Neighbourhood Development and International Cooperation Instrument (NDICI) 81 25% 20

Overseas Countries and Territories (OCT) 1 25% 0,1

Pre-Accession Assistance 14 16% 2

Total MFF cooperation and assistance 23 3

Source: EPRS, 2021.
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EU energy system transformation

Figure 13: Activities and sectors covered by the EU ETS in 2018

Activities Sectors No. of Verified

entities Emissions
20 Combustion of fuels Combustion 7496 1.095
21 Refining of mineral oil Refineries 139 125
22 Production of coke 20 11
23 Metal ore roasting or sintering Isrtzr;f ::ke g 3
24 Production of pig iron or steel mete;lnre ' 247 122
25 Production or processing of ferrous metals 250 13
26 Production of primary aluminium Other 33 9
27 Production of secondary aluminium metals {incl. 33 1
28 Production or processing of non-ferrous metals aluminiumy) 91 8
29 Production of cement clinker Cement and 261 121
30 Production of lime, or calcination of dolomite/magnesite lime 297 32
31 Manufacture of glass 372 18
32 Manufacture of ceramics E‘i:-'t':';”'?"' 1083 15
33 Manufacture of mineral wool minerals 52 2
34 Production or processing of gypsum or plasterboard 40 1
35 Production of pulp Pulp and 179 [
36 Production of paper or cardboard Paper SRR 22
37 Production of carbon black 18 2
38 Production of nitric acid 37 4
39 Production of adipic acid 3 0
40 Production of glyoxal and glyoxylic acid Chemicals 1 0
41 Production of ammonia 29 21
42 Production of bulk chemicals 364 38
43 Production of hydrogen and synthesis gas 42 8
44 Production of soda ash and sodium bicarbonate 14 3
45 Capture of greenhouse gases under Directive 2009/31/EC 2 0
46 Transport of greenhouse gases under Directive 2009/31/EC  Other 1 0
99 Other activity opted-in under Art. 24 257 1
Sum of all stationary installations Stationary 11.956 1.682
10 Aviation Aviation 511 67

Source: EEA, 2019.
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Figure 14: CONE in energy (% of GDP) - Ambitious and united EU action vs baseline
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Source: Authors' calculations.
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Annex

Cost of non-Europe in
the area of energy

Abstract

This study aims to estimate the net cost if no further action is taken at EU
level to effectively decarbonise the EU energy system by 2050 (i.e. the cost
of non-Europe). Thirteenkey challengesto realise the energy transitionare
identified, and the most relevant EU and Member State policies for
addressing each challenge are assessed. EU-level action is particularly
important for collective strategy formation and target-setting, both
through the existing governance and target-setting frameworks and
through the implementation of specific projects of common interest (eg.
IPCEls) for promoting technologies with high relevance for the energy
transition (e.g. hydrogen). Furthermore, EU-level action is indispensable for
implementing effective and efficient carbon pricing, through extending
the EU ETS and possibly implementing a carbon border adjustment
mechanism, and for ensuring sufficient investment in sustainable
technologies, both through core EU funding in the Multiannual Financial
Framework, and through exceptional funding under the EU recovery plan
(Next Generation EU). Without such EU level policies a significant gap in the
required emission reductions for reaching net zero by 2050 would occur.
Additionally, GDP, jobs and import dependence would evolve less
positively without such EU action. Furthermore, several other EU-level
policies with significant room for further added value were identified,
including additional action on market integration and research,
developmentand innovationin the energy sector.
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Annex: Cost of non-Europe in the area of energy

Executive summary

This study aims to estimate the net cost if no further actionis taken at EU level to decarbonise the
EU energy systemby 2050, while ensuring security of energy supply and providing competitiveand
affordable energy supplyto EU citizens and businesses via properly integratedenergy systemsand
markets. This net cost comprises different dimensionsand includes economic, environmental, sodal
and geopolitical cost impacts. Within this report these costs are referred to as the ‘cost of non-
Europe’.

We applied a three-staged approach to estimate the cost of non-Europe. In the first stage, we
identified the main challenges associated with realising the energy transition efficiently. In the
second stage, we identified whether and how EU policy measures can contribute to adequately
addressing the mainchallenges.In the third stage, we estimated the impactif no further actionwas
takenatEU level.

The identification of challenges for realising the energy transition was performed by comparingthe
baseline scenario of no further EU action with a trajectory' for reaching 55 % less greenhouse gas
(GHG) emissions by 2030 and net zero emissions by 2050. Any areawhere a significantgap between
these two scenarios was identified is considered as a ‘challenge’ and an opportunity for additional
policy measures to fill in the gap. This exercise allowed us to identify 13 key challenges (see
Table 1), including both supply-side issues, related to energy production, infrastructure and
markets, and demand-side issues, related to energy efficiency, fuel switching and demand
response.

To estimate whether and how EU policy measures can contribute to efficiently addressthe 13 main
challenges, we first identified the underlying gaps and barriers for each of them. Secondly, we
assessed which policy measures would be mostappropriate for addressingthose gapsand barriers.
Thirdly, we identified the most appropriate level of public intervention per policy measure,
categorising the considered measuresinto those where the EU could take the primaryaction, those
where Member States could take the primary action, and those where a joint EU-Member State
action would be most appropriate. This analysis resulted in the identification of four policy
instruments where EU primary action would be beneficial and consequently where a lack of
further EU action would obviously lead to a cost of non-Europe. In addition, we identified six policy
instruments where joint EU-MS action would be most appropriate and where also a cost of non-
Europe would occur if no further action was taken at EU level. The mapping of the most relevant
policy instruments per challenge and the assessment of the most appropriate level of public
intervention are summarised in Table 1.

The primary toolfor quantifying the cost of non-Europe was an assessment of a selection of policy
packages through the macroeconomic model E3ME. To complete the picture, a literature review
was performed to assessthe robustnessof the results given by E3ME and to estimate the impacts of
policy measures which could not be evaluated in sufficient detail through the modelling.

' The MIX55 scenario developed for the Climate Target Plan was selected for this purpose.
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Table 1: Summary of key challenges, most relevant policy measures for addressing those and appropriate level of publicintervention

D d d 0 0 d 0 dnNd cooperatio p
0
Strategies & Carbon Market design Standards & Co-funding of Subsidies Loans & RD&I funding Tax & levy Communica- Bans on
targets pricing & regulation minimum investments guarantees reform tion & specific
e requirements training technologies

1. Accelerate solar and wind energy deployment

2. Develop and scale up CCUS for power plants
and industry

3. Accelerate phase out of fossil fuel use for
power generation

4. Scale up battery storage

5. Scale up low -carbon hydrogen production and
power -to-x

6. Promote further cross -border integration of
electricity systems and markets

7. Promote electricity demand response

8. Increase bioenergy supply in a sustainable
manner

9. Increase renovation rates of buildings

10. Scale up electrification of building end uses

11. Accelerate implementation of carbon -neutral
technology in industrial processes

12. Accelerate electrification of passenger and
light duty vehicles

13. Develop & implement carbon neutral options
for heavy road transport, navigation and aviation

Source: own elaboration.
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We conclude that there is considerable scope for further EU action to realise the energy
transition in an efficient way. Firstly, EU action is important for strategy development and
target setting as moving forward in a coordinated and collective manner is important for
establishing ambitious and coherent national plans that also facilitate cooperation with other EU
Member States, allowing toachieve an optimumoutcomefrom anEU wide perspective.The targets
and policies to reduce GHG emissions, increase renewable energy generation and enhance energy
efficiency are pivotalin this regard, alongsidespecific EU coordinationfor planningand developing
public energy infrastructure (e.g. Ten-Year Network Development Plans (TYNDPs) and Trans-
European Networks for Energy (TEN-E)) and deploying promising key technologies (e.g. batteries,
power-to-hydrogen, Carbon Capture Utilisation and Storage (CCUS), offshore renewable energy).
Furthermore, EU financial support forenergy infrastructure projects (as Projects of Common Interest
(PCls)) and for industry/innovation projects (as Important Projects of Common European Interest
(IPCEls) is expected to substantially contribute to addressing major challenges of the energy
transition.

EU action is also crucial for effective carbon pricing, technical standardisation and energy
markets’ integration. Furthermore, the EU plays an important role in co-funding energy
infrastructure, providing subsidies and reducing the cost of capital for sustainable
investments, funding research development and innovation (RD&l), coordinating tax reform
and creating awareness. Key instrumentsin this context include the EU Emissions Trading System
(ETS), the Connecting Europe Facility, the EU renewable energy financing mechanism, the EU
taxonomy for sustainable activities and Horizon Europe. The requirement to dedicate a minimum
share of the EU budget to climate-relevant topics (30% at least) in combination with the significant
size of the multiannual financial framework (MFF: >EUR 100 Bn/year) and NextGenerationEU (total
budget: 750 Bn EUR) will result in a considerable amountof EU funding (EUR 50-100 Bn/year)that is
directed to sustainable investmentsin EU Member States.

We quantified the impacts of a selection of two major EU-driven policies (extending the ETS?and EU
funding for sustainable investments) through the macroeconomic model E3ME. The results are
presented in Table 2 which summarises the impact of a set of policies that collectively reach 55%
GHG emission reductions by 2030 and net zero emissions by 2050 (Net Zero), a scenario that
excludes the extended/intensified ETS and a scenario that excludes the extra EU funding. The
impacts are shown as a percentage-difference from the baseline scenario which represents the EU
policy package agreed in 2018 that aimed to deliver GHG emission reductions of at least 40 % by
2030.

2 This model run also excluded a reduced cost of capital assumption for sustainable investments but the impact of that

was relatively minor.



EPRS | European Parliamentary Research Service

Table 2: Results of modelling: summary of main impacts of major EU-driven policies

% difference from the baseline 2021 2030 2050
GDP

NetZero 0.7 3.2 3.0
Removing extended/intensified ETS 0.5 3.1 2.6
Removing EU extra funding 0.4 2.9 3.0

Carbon dioxide emissionreduction

NetZero -4.5 -43.1 -81.9

Removing extended/intensified ETS -3.6 -41.3 -68.6

Removing EU extra funding -1.8 -35.9 -66.4
Total employment

NetZero 0.2 0.9 1.1

Removing extended/intensified ETS 0.1 0.9 0.8

Removing EU extra funding 0.2 0.9 1.1

The modelling showed thatthe intensification and extension? of carbon pricing through the EU
ETS plays a substantial role in realising the climate targets in an efficient manner. A modelrun
without the EU-led extended ETS, showed that the absence of this instrument would result in a
substantial gap in reaching net zero GHG emissions (+/- 50 million tonnes CO, by 2050), more
unemployment (+/- 700k jobs), a higher dependence on fossil fuel imports as well as a slightly
negative impact on economic growth. Additionally, to avoid carbon leakage and mitigate the
impacts of ambitious EU climate policies on the competitiveness of EU industry, a WTO compliant
carbon border adjustment mechanism could be considered andis currently being developed by the
European Commission. The benefits and potential drawbacks of this instrument are briefly
addressedinthereport.

Another model run showed that the additional EU funding channelled to sustainable
investments, both through the core MFF and from NextGenerationEU, has also a significant
impact. We estimate that the climate mainstreamingcommitments could amountto an additional
annualinvestmentin greentechnologies of €70 billion/year from 2021 to 2027, and €38 billion/year
from 2028 to 2050, and that this spending has a significant impact on realising the GHG emission
reduction targets (+/- 50 million tonnes CO2 by 2050) combined with positive contributions to
economicgrowth and import dependence.

Based on a complementary literature review, we concluded thatfurther benefits of additional EU
action in the area of electricity markets’ integration would range between €16 and €43 billion
per year by 2030 and that the benefits of EU coordinated RD&I action through Horizon Europe,
the primary EU instrument to stimulate RD&I, would roughly amount to around €113 billion
of gross domestic product (GDP) growth over 25 years (cumulatively). In both cases, the required
actions are primarily EU-driven and as a result, not implementing these actions would resultin a
Costofnon-Europe.

3 Extension to other sectorsin the economy that are not currently included in ETS.

v
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Annex: Cost of non-Europe in the area of energy

1. Introduction

The objective of this report is to estimate the net cost if no further action is taken at EU level to
decarbonise the EU energy system by 2050, to efficiently ensure security of energy supply and to
provide competitive and affordable energy supply to EU citizens and businesses via properly
integrated energy systems and markets. This net cost comprises different dimensions and
includes economic, environmental, social and geopolitical costs. Within this report these costs
are also referred to as the cost of non-Europe per the concept applied more widely in studies on
the topic.”* Moreover, the net costs of non-Europe can also be understood as the potential added
value of further EU action. Throughoutthis report, we use those conceptsinterchangeably.

For a proper computation of a forward-looking estimate of the cost of non-Europe, it is important
to clearly define which actions and policies have been implemented already as those are part of the
baseline trajectory to compare the added value of further EU action to. Hence, past EU initiatives
to integrate EU energy markets, stimulate renewable energy sources, promote energy savings,
safeguard security of supply, etc. are not taken into account when calculating the cost of non-
Europe, notwithstanding the benefits they delivered and will continue to deliver. We consider as
baseline projection the EU policy package agreed in 2018 that aimed to deliver a 32 % share of
renewable energy sources (RES) in 2030, 32.5 % energy consumption reduction and contribute to
greenhouse gas (GHG) emission reductions of at least 40 % by 2030. Further EU actions beyond
those already implemented, suchas the increased ambitions put forward underthe EU Green Deal,
including the forthcoming ‘fit for 55 %’ package that will align EU climate and energy legislation
with an agreed target of 55 % GHG emission reductions by 2030, are not considered part of the
baseline trajectory as therelevant legislation and detailed policies to deliver these ambitions were
still under developmentat the time of writing this report (January - May 2021).

The first step to estimate the cost of non-Europe in the area of energy is to identify the main
challenges that need to be overcome to efficiently realise the energy transition. For this exerdse
we compare the required trajectory to realise climate neutrality by 2050 as set out in the Climate
Target Plan® with the baseline projection, covering developments in energy supply (production,
infrastructure, markets) anddemand (energy efficiency, fuel switching, demand response). Any area
where a substantial gap exists between the baseline projection and the required trajectory is
considered a challenge and a potential opportunity for additional EU policies to add value. Due to
the breadth of the exercise it was not feasible to assess the specificities of the individual EU
instruments within the scope of this study. This limitation is the reason that we work with the
Climate Target Plan to identify any gaps betweenthe baseline developments (based on the current
policies) and the required developments (the climate neutrality scenarios). This way, we can assess
thefitness’ of the current policies in a practical way. The results of this assessmentare presentedin
chapter 2: Key challenges for the energy transition.

The second stepis toidentify how EU policy measures can contribute toaddress the key challenges
for the energy transition. For thisexercise wefirst identify the underlying gapsand barriersfor each
challenge and identify the most appropriate policy measures to address those. Next, we estimate
the most appropriate level of public intervention per policy measure, categorising measures into
those where the EU could take the primary action, those where Member States could take the
primary action and those where a joint EU-Member State action could be most appropriate. Finally,

The concept of the ‘cost of non-Europe’ was introduced by Michel Albert and James Ball and first applied by Paolo
Cecchini on the topic of realising a single market in Europe (Commission on the European Communities, Europe 1992,
the Overall Challenge, SEC (1988) 524).

SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).
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we design a package of additional policy measures thatcan be takento realisethe energy transition
and a selection of variants which omit EU-driven initiatives to enable a quantitative assessment of
the cost of non-Europe. The results of this exercise are presented in chapter 3: Potential EU policy
measures to addressthe key challenges.

The third step is to conduct a quantitative assessment of the cost of non-Europe. For this
assessment we evaluate the impacts of the policy packages developed in the previousstepthrough
the macroeconomic model E3ME. By comparing the results of a scenario in which the full policy
package is implemented, with variants in which the mostimportant EU level policies are omitted,
we get an estimate of the added value of additional EU level policies and the cost of not
implementing such policies. Additionally, some complementary analyses based on a literature
assessment are provided to estimate the cost of non-Europe for measures that cannot be fully
evaluated with the E3SME model. The results of this assessmentare presented in chapter 4: Assessing
the cost of non-Europe.

Thefinal stepis to consolidatethe findingsanddraw conclusionson where further EU action is most
needed and advise on the priority measures to pursue at EU level, which is the subject of the final
chapter.
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2. Key challengesfor the energytransition

2.1. Introduction

2.1.1. Objective and approach

The objective of this chapter is to identify the most substantial challenges for realising the energy
transition which are not addressed sufficiently with the policy measures that have been adopted so
far. Within this context we define ‘realising the energy transition’ as achieving climate-neutrality by
2050, in line with the ambitions set out by the EU Green Deal.

The identification of key challenges will be performed by comparing the baseline trajectory that
would be achieved if no further policy measures are applied, with the projected trajectory for
reaching the 2050 ambition level. Any area where there is a significant gap between the baseline
projection and the climate-neutrality scenarios is considered a ‘challenge’ for realising the energy
transition.

The recently adopted (September 2020) Climate Target Plan and in particular the accompanying
Impact Assessment® serve as the basis for this exercise as it is both comprehensive in scope and
aligned with the most recent ambitions. The Impact Assessment includes a baseline (BSL) projection
which represents the existing 2030 climate and energy legislative framework that implements the
‘atleast 40 %’ GHG emission reductiontargetand the 32.5 % energy efficiency and 32% renewable
targets (by 2030) and reachesa 59 % GHG emission reduction by 2050 (compared tothe 1990 level).
We use this BSL projection also asthe baseline forouranalyses in this chapter.” Furthermore, a range
of scenarios which realise 50-55 % GHG emission reductions by 2030 and net zero® emissions by
2050 are included. The scenarios differ in terms of their emphasis on regulatory or carbon pridng
instruments and in terms of the short-term (2030) ambition level (50 or 55 % GHG emission
reduction), but all achieve climate-neutrality by 2050 and the trajectories are relatively similar in
terms of the uptake of specific technologies. As a result, the choice of one scenario over another
does not lead to materially different challenges which is why we don’t discuss the differences in
detail in this analysis. We have chosen to present the data from the MIX55 scenario which
represents a mixbetween regulatoryand carbon pricing instrumentsand a short-term target (55 %
GHG emission reductionby 2030) aligned with the agreed ambition level.’

For a number of topics, the Climate Target Plan is not detailed enough to identify the challenges.
Forinstance for electricity markets’ coupling and interconnection between EU Member States there
is no detailed analysis with assumed policy interventions (e.g. funding of interconnectors) and
expected interconnection levelsreported. Similarly, the role of RD&l policies is not explicitly treated.
For such topics we performed additional research to identify the mostlikely baseline projection and
the need for additional policy measures.

SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).

As a consequence, the baseline does not include raising the 2030 targets, not does it include the additional EU
budgets coming from the recovery package (NextGenerationEU).

Net zero refers to the fact that the net GHG emissions should be zero which is slightly different from reducing
emissions to zero as there issome, limited room for emissions as long as carbon sinks compensate for those.
Regulation (EU) 2021/1119 establishing the framework for achieving climate neutrality and amending Requlations
(EQ) No 401/2009 and (EU) 2018/1999 (‘European Climate Law’).
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2.1.2. Sectoral breakdown and consumption trends per sector

The identification of challenges is sub-divided in the main energy supply and demand sectors. In
the supply-side sections we cover challengesaround energy production, infrastructure and markets,
focusing on the dominant energy carriers in the transition: electricity and gases. Electricity is
expected to account for almost 50 % of final energy consumption by 2050 and gases ' should
account for close to 20 % (Figure 2-1). In both cases, there are many different supply sources
(renewable and non-renewable) that (partly) use the same transmission, distribution and storage
infrastructure and markets. Hence, there are often related and overlapping challenges which are
best discussed for theenergy carrier (electricity orgas) asa whole. Oiland coal consumption should
strongly diminish and should be almost fully phased outby 2050. Oil and coal will not be discussed
separately but willbe implicitly treated in the other sections, in particular when challenges for fuel
switching and energy efficiency are discussed. Several other carriers should deliver important
contributions to the climate neutrality scenario too, in particular bioenergy (13 % in 2050"),
distributed heat (8 % by 2050) and other RES (9 % by 2050). The challenges associated with those
carriers are discussedin a specificsection on ‘other energy carriers’.

Figure 2-1:Historical and projected EU27 final energy consumption by energy carrier (MIX55
scenario)
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: Values upto 2015 are historical figures.2020 and onwards are projections.

In the demand-side sections we cover challenges with respect to energy efficiency, fuel switching
and demand response. In the climate neutrality scenarios of the Climate Target Plan, the overall
energy demand is projected to decline by more than 30 % between 2020 and 2050. The demand
can be broken down into residential and services (incl. agriculture), industry and transport. The
residential and services sector is expected to be the largest energy consumerin 2050, accounting
for 49 %, followed by the industrial sector with 32 %. Both categories will see an increase in their

1% Including hydrogen and synthetic gases. Excluding biogas, which is reported as part of bioenergy.

" Including biogas.
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shares in final energy consumption compared to the historical values, while the share of the
transportsectoris projected to fallfrom 28 %in 2000 to 19 % in 2050.

Figure 2-2:Historical and projected EU27 final energy consumption by end-use categories'?
(MIX55 scenario)
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: in the category Residential & services, the agriculture sectoris also included

In the next sections we discuss the supply sectors (electricity, gases, other energy carriers) first and
thedemand sectors (residential &services, industry, transport) second. The overall trendsin energy
supply sector (Table 2-1) and consumptionsector(Table 2-2) are summarised below, distinguishing
between the baseline projection and the MIX55 climate neutrality scenario.

Table 2-1: Final energy consumption (TWh) by supply sector (carrier) for the baseline and
climate neutrality (MIX55) projections

| 2015 | 2030 2050

Sector Actual BSL MIX BSL MIX

Electricity 2 453 2769 2742 3183 3439
Gases 2 291 1 864 1530 1 891 1256
Oil & coal 4219 2 967 2 800 1827 169
Other energy carriers 1610 1868 2038 1878 2293
Total 10 573 9 468 9 109 8779 7 158

Source: SWD(2020) 176 final — Impact Assessment accompanying the document “Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

12 There are some differences in the final energy consumption disaggregated per end-user in the following chapters

(sections 2.5, 2.6 and 2.7) with the results of the graph, due to inconsistencies in the data presented in the Climate
Target Plan.
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Table 2-2 Final energy consumption (TWh) by demand sector for the baseline and climate

neutrality (MIX55) projections
2015 2030 2050

Sector Actual BSL MIX BSL MIX

Residential & services 4 856 4150 3978 4020 3516
Industry 2711 2472 2 354 2 482 2289
Transport 2996 2 846 2777 2277 1353
Total 10 563 9 468 9109 8779 7158

Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Notes: in the category Residential & services, the agriculture sector is also included. Minor difference between
total 2015 consumption values for supply and demand due to differences in source tables.

2.2. Supply - Electricity
2.2.1. State of play

Over the past two decades, EU electricity consumption has remained relatively stable, with EU27
consumption levelsjust below 3 000 TWh/year between 2005 and 2019, after aninitial increase from
2650 TWh/year in 2000 (Figure 2-3). During this time, the electricity mix transitioned from one based
on fossilfuels, nuclear and hydropower, to a mixwith increasing shares of wind and solar power. In
2019, solar and wind contributed 17 % to EU gross electricity generation compared to 5% in 2010
and 1 % in 2000. In the same period, the share of fossil fuels declined from 51 % in 2000 to 38 % in
2019. 11

In the baseline scenario of continuing current policies, a modest increase in electricity
consumption is foreseen, growing to values of over 3 600 TWh by 2050 (Figure 2-3). The trends in
the electricity mix are expected to continue with solar and wind’s share growing to around 40 %in
2030 and close to 55 % in 2050. In some EU Member States, the share of these intermittent RES
would already reach much higher shares in 2030 though (e.g. Denmark (68 %), Greece (65 %), Ireland
(67 %) and Spain (61 %)), leading to challenges for balancing supply and demand, both short-term
(intraday) and over the seasons. Fossil fuel-based electricity generation will decline further towards
a share of around 15 % in 2050, with coal-fired power almost completely phased out by 2040.
Nuclear power generation is expected to decrease from 25 % in 2020 to 14 % in 2050. Both
hydropower and bioenergyare expected to remain at similarproduction levels as today. '®

13 Eurostat: table NRG_BAL C.

4 SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).

15 Results of the EUCO3232.5 scenario on Member States.

16 SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).
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Figure 2-3: Historical and projected EU27 gross electricity production by source (baseline
scenario)
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: Values up to 2015 are historical figures. 2020 and onwards are projections.

Thetrendsinthe baseline projectiongenerally don’tinvolve a significant departure from the trends
experienced in the past decades (Table 2-3). The growth rates for the 2020-2030 decade are the
mostambitiousbut are largely similarto the rates experienced between 2010and 2015 and require
a slight netincreasein generation capacity compared to the period between 2015 and 2020. From
2030 onwards, relatively modest growthrates are required toreach the baseline projection. In terms
of absolute volumes, the required capacity additions should not be underestimated though. 2020-
2030 solar and wind capacity additions for the baseline amount to more than 350 GW and more
than double the installed capacity in 2020, for example."

Table 2-3:Compound Annual Growth Rate (CAGR) of gross electricity generation (GWh) per
source

Growth rate Actual Forecast - Baseline

Source 00-105{'05-10{10-'15]'15-20{20-25 25-30{ '30-35| '35-'40| 40-'45 '45-50
Fossil Wo| A% -3 -1k -4k -4k 26| 5% -3k 0%
Climate neutral 1% 26 2k 1% 3% 3| 1% 26| 1% 1%
RES o| T S| 3| 5% 5% 2% 3| 2| 1%
Intermittent RES % 9% ATk T 10%| 8% 3% 3| 3| 1%

Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

7 SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’

(Climate Target Plan).
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An important feature of solar and wind power plants is their intermittency and relatively low
capacity factor. As aresult, higher power production capacitiesare required thanin a conventional
electricity systemusing dispatchable fossil fuel based ornuclear power plants. The projected growth
in installed capacities illustrates this phenomenon clearly (see Figure 2-4), with overall production
capacity expected to grow 60 % between 2020 and 2050, compared to 25 % projected growth in
electricity generation. Another consequence of the variability of solar and wind power plants and
their decentralised location is the need for grid reinforcements and extensions as well as flexibility
measures to absorb the fluctuating electricity supply. Innovation and digitalisation will be highly
important to enable an efficient transition to an electricity system that will be mainly based on
variable RES.

Figure 2-4: Historical and projected EU27 net installed electricity production capacity by
source (baseline scenario)
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: Values upto 2015 are historical figures.2020 and onwards are projections.

To accommodate the increasing shares of intermittent electricity generation, the baseline
projection expects growing electricity storage capacities and the introduction of power-to-
hydrogen ' plants at commercial scale after 2030. Pumped hydro capacities are expected to grow
from 45 GW in 2015 to approximately 65 GW in 2030 with limited growth afterwards. Battery storage
is expected to grow from negligible capacities in 2015 to 20 GW in 2030 and more than 50 GW in
2050. Electricity based hydrogen production capacity is expected to reach only 1 GW in 2030 but
would grow more considerably after2030to a levelaround 25 GW by 2050.

Increasing the physicaland commercially available interconnection capacity between EU electricity
markets is another measure to accommodate increasing shares of intermittent generation in a cost-

Hydrogen (H?) is a gaseous energy carrier that is used as feedstock or fuel across many applications and does not
release any carbon emissions at the point of use. Hydrogen can be produced through several processes, including
processes based on electricity (electrolysis) or on fossil fuels (methane steam reforming) (see COM(2020) 301 - A
hydrogen strateqy for a climate-neutral Europe). In this context, we refer to electricity-based hydrogen.
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effective manner, while also contributing tosecurity of supply and competitiveness of EU industry."
Current policies aim to increase physicalinterconnection capacity toat least 15 % of installed power
generation capacity by 2030 and apply three further criteria® to prioritise where increasing
interconnection capacitiesare most urgently needed.?’ The EU actively stimulates the availability of
higher interconnection capacity through funding Projects of Common Interest (PCls) %, by imposing
that income resulting from the allocation of cross-zonal capacity should be used to guarantee the
actual availability of allocated capacity or to maintain or increase cross-zonal capacities,® and by
imposing that at least 70 % of the capacity should be made available for cross-bordertrade.?* While
these measures have clearly contributed to increased cross-borderflows, there remains significant
room for improvement as high congestion rents® remain?® as well as substantial wholesale price
divergence.? Furthermore, some EU electricity markets are not coupled yet, limiting the efficient
use of interconnection capacity.?®

2.2.2. 2050 ambition

The Climate Target Plan scenarios for reaching climate neutrality in 2050 project similar electricity
generation mixes. Hence, we do not differentiate between the different scenarios in this discussion
and only present the results of the MIX55 scenario which employs a mix of carbon pricing and
regulation to achieve 55 % GHG emissions reduction by 2030 and climate neutrality by 2050.%

The projected evolution of electricity generation shows a marked increase in electricity
consumption, growing from values around 3 000 TWh/year up to 2030 to values close to 7 000
TWh/year in 2050 (see Figure 2-5). This is due to electrification of various end-uses, rather than an
absoluteincreasein overallenergy demand, and will be discussed in more detail in the analysis of
the end-use sectors.

Fossil fuel use for power generation will be phased out more rapidly thanin the baseline scenario
and part of the fossil-based power plants will be equipped with installations for carbon capture and
storage (CCS). Solar and wind energy-based power generation need to be scaled up more rapidly,
in particular post-2030, with projected generation of 1 500 TWh in 2030 (Baseline: 1 200 TWh)
growing to more than 4 500 TWh in 2050 (Baseline: 2 000 TWh). A considerable share of the wind
power will be generated offshore (1 200 TWh). ‘Otherrenewables’ and‘bioenergy with CCS’ (BECCS)

Towards a sustainable and integrated Europe - Report of the Commission Expert Group on electricity interconnection
targets. November 2017.

20 The criteriaconcern the price differential between the markets, transmission capacity as a share of peak load, and
transmission capacity as ashare of renewable generation capacity.

21 ENTSO-E — Power Facts Europe 2019.
22

The total grant budget to support energy projects for the 2014-2020 period under the CEF Energy programme was
€4.5 billion. Electricity infrastructure PCls represented 39 % of the funding; several large priority corridors have been
constructed thanks to this CEF funding.

3 Article 19 of Electricity Reqgulation EU 2019/943.

24 ACER Recommendation 01-2019.
25

Congestion income originates in the situation where transmission capacity between bidding zones is not sufficient
to fulfil demand. The congestion splits the bidding zones into separate price areas; in that case the TSOs receive
congestion income from the user of the congested interconnection based on the commercial flows on the day-ahead
market and the price difference. The existence of congestionincome isan indication that the optimal interconnection
level is not available and that investments in additional capacity might be appropriate.

26 ACER Market Monitoring Report 2015; CREG study (F)1958 of September 2019; Julius Rumpf, Congestion
displacement in European electricity transmission systems — finally getting a grip on it? Revised safequards in the
Clean Energy Package and the European network code. February 2020.

27 ACER calculations based on ENTO-E data. Data extracted from ACER Market Monitoring Report 2019, Excel tables.
28 ACER Market Monitoring Report 2019.

29 SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition/
(Climate Target Plan).
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will also grow considerably in this scenario, delivering 1100 TWh in 2050 compared to 600 TWh in
the baseline). Nuclear energy’s contribution willremain relatively stable.

Figure 2-5: Historical and projected EU27 gross electricity production by source (MIX55
scenario)
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: Values upto 2015 are historical figures. 2020 and onwards are projections.

The projected installed capacities (Figure 2-6) show a similar pattern with strong growth for solar
and wind and declining fossil fuel capacities. Due to the low load factor of solar PV and wind energy,
the increase in installed generation capacity will be much higher than the demand increase. As a
result, very high capacities will be required for reaching climate neutrality, almost tripling 2020
capacities, also requiring grid extensions and reinforcements and flexibility measures. A further
observation is that the projected decline in fossil fuel-based power generation capacities is not as
sharp as the decline in their output, which is due to capacities remaining online as back-up
generation to ensure systemstabilityand security of supply.
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Figure 2-6: Historical and projected EU27 net installed electricity production capacity by
source (MIX55 scenario)

3 000
2 500
2 000
1 500

1 000

Net installed capacity (GW)

500
0
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
m Fossil fuels Fossil fuel (CCS) ® Nuclear m Other renewables
Wind onshore Wind offshore Solar mBECCS

Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: Values upto 2015 are historical figures.2020 and onwards are projections.

The climate neutrality scenarios in the Climate Target Plan all project a large increase in battery
storage capacities, in particularafter 2030, with 2050 capacities amountingto 120 GW (Baseline: 50
GW).*® The projected capacity increases for power-based hydrogen production capacity
(electrolysers) are even more impressive with capacities reaching 550 GW in 2050 (Baseline: 25 GW).
Additionally, significant capacities for other power-to-xtechnologies are projected with around 75
GW power-to-gas (otherthan power-to-hydrogen) and 50 GW power-to-liquids capacity projected
for 2050 (Baseline: 0 GW for both).

The development of interconnection capacity is not explicitly treated in the Climate Target Plan,
which can therefore not be used for a comparison between the baseline and the climate neutrality
scenarios. As baseline projection we therefore assume that current policies realise the 15 %
interconnection target by 2030 but do not facilitate capacity increases beyond 15 %. Considering
the current levels of price convergencein the highly interconnected Nordics markets for example*,
there is substantial potential for further benefits even in markets which meet the 15 %
interconnection target. Hence, we conclude that further policies to stimulate higher
interconnection levels and market coupling could contribute to reaching the climate neutrality
objective in a cost-efficient way.

30 SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’

(Climate Target Plan).
31 ACER calculations based on ENTO-E data. Data extracted from ACER Market Monitoring Report 2019, Excel tables.
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2.2.3. Key challenges

Accelerate solar and wind energy deployment

All Climate Target Plan scenarios for reaching climate neutrality by 2050 indicate the need for a
sharp increase in the deployment of solar and wind power. When we compare the projected
installed capacities in the baseline scenario and the MIX55 scenario (Figure 2-7) it becomes clear
that the required growth will not be delivered without further policy measures. Hence, a key
challengeis to accelerate solar and wind energy deployment.

Figure 2-7: Projected installed capacities for solar and wind energy per the Baseline (BSL)
and MIX55 (MIX) scenarios of the Climate Target Plan
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Scale up electricity storage and power-to-x

All scenarios for reaching climate neutrality project strong growth in battery storage for the whole
period considered and the introduction of power-to-x** (including power-based hydrogen
production via electrolysers) at scale post 2030. For these technologies, the growth needs to be
stimulated from very small capacities at present. Therefore, the challenge is not only to accelerate
deployment (as for solar and wind energy) but also to go through the initial phases of market
formation and scaling up of novel technologies, in particular for power-to-x, allowing to improve
the energy efficiency of the conversion processesand reduce their costs.

Develop and scale up use of carbon capture and storage (CCS) in power plants

All climate neutrality scenarios project significant volumes of electricity production with carbon
captureand useor storage, including fossil fuel-based and bioenergy-based (BECCS), compared to
negligible CCS volumes in the baseline scenario. As CCS is currently almost non-existent in the EU
market, the challenge will be to introduce the technology to the market and scale it up to
commercial volumes.

32 power-to-x refersto technologies that convert power to gaseous (power-to-gas) or liquid fuels (power-to-liquids).
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Accelerate phase out of fossil fuel-based power generation

Fossil fuel-based electricity generation without CCS needs to decrease by 90 % compared to 2015
for reaching climate neutrality, while the baseline projection only expects a 50 % decrease. Hence,
a challenge will be to accelerate the phase out of fossilfuel-based power generation without CCS.

Promote further cross-border integration of electricity systemsand markets

Increased interconnection levels and market coupling will contribute substantially to absorbing
intermittent electricity generation while keeping costs down and enhancing market competition
and security of supply. Current policies promote further system and market integration already to a
certain extent (15 % interconnection®) but there is room for further benefits beyond this level.
Hence, we conclude that promoting further system and market integration is an important
challengetorealise climate neutrality in a cost-effective manner.

Stimulate digitalisation and sector integration

Large-scale implementation of digital technologies and sector integration** should facilitate the
shift towards a highly intermittentand decentralised power generation system and enable end-
users to participate in the electricity market (on-site electricity production, storage, demand
response). Smart equipment (network, meters, end-use appliances) and smart processes and data
managementare set tomake the energy systems more connected, intelligent, efficient andreliable.
Optimal integration between energy sectors on the one hand (electricity, power-to-gas, electricity
and gas storage, heating) and between energy supply and demand on the other hand, will reduce
the overall costs and increase the efficiency of the energy system, and hence allow to reach the
energy and climate objectives more efficiently.

2.3. Supply - Gases
2.3.1. State of play

In 2019 natural gas was the dominant source of gas consumptionin the EU27, reaching more than
4300 TWh. Dueto decreasingdomestic natural gas production, EU’s natural gas import dependency
reached an all-time high of 89.5 % in 2019. Almost three quarters of the EU's imported gas came
from Russia (40 %), Norway (18 %) and Algeria (11 %). Substituting imported natural gas with
domestically produced renewable and low-carbon gas would reduce the EU’s energy dependence,
and lower the security of energy supply risks.

Biogas contributed only by 3.6 % to the gas consumption in 2019. 8 % of the biogas production was
further converted to biomethane*. According to the Climate Target Plan, the projections in the
baseline scenario for 2030 present a downward gas consumption trend, mainly due to the
significant decrease of natural gas to 3 150 TWh. Biogas consumption is expected to increase
moderately between 2019 and 2030 (+14 TWh). Green hydrogen, produced from renewable
electricity,*® plays a minor role at the moment and its share will still be limited in 2030, but will be
more significant in 2050, reaching 87 TWh. The consumption of natural gas is expected to remain

33 Note that there isalso still work to do to reach the previous 10 % interconnection level which was not met by eight
Member States (COM(2020) 950 final).

Sector integration means linking the various energy carriers- electricity, heat, cold, gas, solid and liquid fuels - with
each other and with the end-use sectors, such as buildings, transport or industry. Power-to-hydrogen and dynamic
EV charging are good examples of the potential for sector integration.

35 EBA (2020) Statistical report 2020.

36 When referring to hydrogen in this chapter we refer to green hydrogen, produced with renewable electricity, unless
stated otherwise.

34
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stable between 2030 and 2050, while biogas consumption is projected to grow moderately (+30
TWh) to 208 TWh.

Figure 2-8: EU27 historical and projected gas consumption per fuel according to the
baseline
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan), Eurostat NRG_CB _GASand NRG CB RW.

Note: Hydrogen refers to green hydrogen only (produced with renewable energy). Hydrogen does not appear
in the graph for 2019 since no data are available from Eurostat.

Theinterconnectivity between national natural gas systemsand the integration of gas markets have
substantially improved, thanks to investments in interconnectors, including reverse flows,
implementation of new rules for capacity allocation (e.g., UIOLI), and the development of liquid gas
hubs.The mostadvanced hubs inthe EU arethe TTF (Netherlands) and the NBP (UK). Other hubsin
Germany, ltaly, France, Austria and Belgium areconsidered ‘advanced’ too, while those in the Czech
Republic, Romania, Denmark, Hungary, Slovakia and Ireland are stillemerging or illiquid.* Thereiis
hencesstill potential forimprovement, in particular in some EU-regions, but this processis ongoing
andis not considered as a major mediumor long-termchallenge in the context of this study. While
the need for additional natural gasinterconnectors in the EU is very limited, the potential future use
of existing pipelines for transport of renewable and/orlow-carbon gas (including hydrogen) is being
assessed atthe present. Theseissuesare being addressed by EU legislators in the ongoing revision
of the TEN-E regulation.

Thanks to the EU policy measures to enhance national gas systems and markets’ integration,
physicaland contractual congestionat the bordershas substantially decreased*® and thewholesale
gas prices are increasingly converging. AsFigure 2-9indicates, the price convergence is in particular
high between the Dutch TTF and the North West EU hubs. This result can be attributed to factors
such as the sufficient availability of pipeline capacity, the similar market fundamentals, the structural

37 ACER (2020) ACER Market Monitoring Report 2019 — Gas Wholesale Market Volume.

38 According to the 7" ACER report (2020) on congestion inthe EU gas markets, physical congestion occurredin 2019

only at 7 Interconnection Point sides with varying frequencies, while contractual congestion occurred occasionally at
37 (out of 239) IP sides.
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fostering of hub trading and the low tariffs of interconnecting transportation capacity®. In some
other EU markets, the price convergence is still rather low, but it is expected to furtherimprove in
the comingyears as a result of currentEU and national regulation.*

Figure 2-9: Day-ahead price convergence between Dutch TTF and other EU hubs for the
period2017-2019 (% of trading days withingiven price spreadrange)
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Source: ACER (2020) ACER Market Monitoring Report 2019 — Gas Wholesale Market Volume.

On the basis of the current analysis, the need for additional investments in natural gas
interconnection infrastructure is hence very limited, and the focus should be on optimal use of
existing capacity and on further enhancing market integration and liquidity, in particular in some
EU-regions.

2.3.2. 2050 ambition

The scenarios provided under the Climate Target Plan describing the 2050 ambition do not
demonstrate significant differences in absolute numbers, therefore only the results of the MIX55
scenario are presented in this section.

The consumption of naturalgasin the EU 27 is projected to decrease in an accelerated pace, falling
to 1111 TWh in 2050 (compared to 3 171 TWh in the baseline scenario). No major differences are
expected in biogas consumption by 2030 compared to the baseline scenario, howevera significant
increase is anticipated by 2050, which will result in almost 690 TWh of biogas use (baseline value
208 TWh). Bioenergy production growth should mainly come from betteruse of biomass wastes and
residues and a sustainable cultivation of energy crops, replacing the production of first generation
food-crop-based biofuels*'. Furthermore, the estimations underthe MIX55 scenario suggest that in
2050 green hydrogen will be the dominant gaseous fuel (1 127 TWh), surpassing the consumption
of natural gas. Also, e-gases* would play a significant role, accounting for 16 % of the total gas

39 ACER (2020) ACER Market Monitoring Report 2019 — Gas Wholesale Market Volume.

40 See for instance ACER Gas Market Report 2019: The building blocks of market price convergence in the CEE region,
like infrastructure investments that enabled firm transportation capacity from the West to the East, market
liberalisation and Network Codes based hub development will continue to have an effect and are likely to facilitate
higher price convergence in the future.

41 SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition/
(Climate Target Plan).

42 E-gas refersto gaseous fuels produced on the basis of hydrogen obtained from electricity via electrolysis, according

to the definition of the Climate Target Plan.
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consumption in 2050 (549 TWh), while in the baseline scenario they are not expected to be used.
Overall, while renewable and low carbon gases are estimated to contribute to the gas supply by
2030 only to a limited extent, they are projected to be the dominant gaseous fuels by 2050,
accounting for 68 % ofthe EU 27 gas demand.

Figure 2-10:EU 27 historical and projected gas consumption perfuel according to the MIX55
scenario
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan), Eurostat NRG CB_ GASand NRG_CB RW.

2.3.3. Key challenges

According to all the scenarios considered in the Climate Target Plan, in order to reach climate
neutrality by 2050, it is necessary to gradually phase out natural gas and to substantially increase
the supply of renewable and low carbon gases. Specifically, it is expected thatin 2050 the share of
natural gas will drop to around 30 %, while the shares of hydrogen and e-gases will increase
significantly to approximately 30% and 15 % respectively. Therest of the gaseous consumption is
expected to be covered by biogas and biomethane.The main challenges to realisethe transitionto
a carbon-neutral gas supply, are hereafter briefly presented.

Enhance production of sustainable biogas/biomethane

In order to be aligned with the climate neutrality and sustainability objectives, the EU needs to
produce renewable and low carbon gases in a sustainable manner. The production of biogas and
biomethaneis at the moment mainly based on biomass, waste food and feed crops, therefore a key
challenge is to produce biogas in a sustainable way considering the climate, pollution and
biodiversity risks*. Furthermore, an adequate regulatory framework should provide guidance in
view of an optimal use of biomass (primarily as feedstock or for food/feed, and secondarily for
energy purposes) and an optimal use of biogas, eitherdirectly or via conversion to biomethane.

Develop and scale up production of renewable and low-carbon hydrogen

As hydrogen should gradually play a major role in the energy mix, not only to offer an adequate
alternative for hard-to-decarbonise end-uses (feedstock in industry, high temperature processes),

43 European Commission (2020) Powering a climate-neutral economy: An EU Strategy for Energy System Integration.
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but also to facilitate the development of intermittent renewable electricity generation via power-
to-hydrogenfacilities (electrolysers), a key challenge will be to reduce its costs, both for low carbon
and renewable hydrogen, in order to be competitive against fossil-based hydrogen®. As the
production of renewable hydrogenwillto a large extent be linked to the electricity production from
wind and solar PV technologies and subsequently to their costs, the downward trend of wind and
solar PV cost levels is expected to offer opportunitiesfor the development of renewable hydrogen,
onshore but also offshore where grid capacity may be a more significantissue for transporting the
electricity generated by offshore wind farms. Furthermore, in order to meet the projected 32 %*
share of low-carbon/renewable hydrogen in the gaseous fuel mixin 2050, significant performance
improvements (e.g. efficiency) of the respective technologies need to be achieved*.

Also, with regards to hydrogen produced via electrolysers, the challenge will be to produce it in a
clean manner, i.e., by using only renewable electricity, mainly from wind and solar technologies,
hence minimizing the negative climate and environmental impacts®.

Implement an enabling regulatory framework for transporting and storing low-
carbon/renewable hydrogen

The large-scale deployment of low-carbon/renewable hydrogen and the phase out of natural gas
will create significant challenges to the current gas infrastructure. The existing natural gas network
can be used for the integration of renewable and low carbon hydrogen in a cost-efficient way,
specifically for lower volumes duringthe transitional phase. However, as blending of hydrogen with
natural gas impedes to optimally value its specificities *®, and also affects the gas quality and hence
the well-functioning of the natural gas network equipment and end-user appliances, blending
should not be considered as an adequate optionfor higher hydrogen volumes.

For this reason, the deployment of a dedicated cross-border transportation infrastructure for
hydrogen will be needed, which at the moment is in the EU limited to about 1650 km of private
pipelines (without third party access) in Central-Western Europe. Next to additional dedicated
hydrogen pipeline and storage infrastructure with regulated third-party access, new ship designs
might be needed that would allow to carry liquified hydrogen. Existing natural gas infrastructure
(transportation pipelines, storage facilities, LNG terminals, end-user equipment) might need to be
refurbished in view of using them for hydrogen.*

44 Ibid.

45 SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition!
(Climate Target Plan).

4 |RENA (2019), Innovation landscape brief: Renewable Power-to-Hydrogen, International Renewable Energy Agency,
Abu Dhabi.

47 European Commission (2020) Powering a climate-neutral economy: An EU Strateqy for Energy System Integration.

48 An advantageous property of hydrogen (H,) is that it does not include any carbon (C) atoms and thereby does not
release any carbon dioxide (CO,) whenitis used. Once hydrogen is blended with natural gas (CH4) the resulting blend
is not carbon-free anymore and could therefore be less valuable depending on the use and applicable regulatory
framework.

49 A 2020 German study (Options of Natural Gas Pipeline Reassignment for Hydrogen: Cost Assessment for a Germany
Case Study) shows that it might be economically and technically feasible to repurpose more than 80% of the German
pipeline network for hydrogen transportation. Pipeline reassignment could reduce the hydrogen transmission costs
by more than 60%. A countrywide analysis of pipeline availability constraints for the year 2030 shows a cost reduction
of the transmission system by 30% in comparison to a newly built hydrogen pipeline system. The German utility EON
iscurrently investing together with gas DSO Westnetz €1 million to make a public distribution grid in the community
of Holzwickede suitable for hydrogen. The ongoing H21 Leeds City Gate project also shows in practice that an existing
natural gas network can be converted to hydrogen. Some types of natural gas storage facilities, in particular salt
caverns and depleted gas fields, would also be technically suitable for hydrogen storage. While the technical
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Finally, due to the fact that low-carbon/renewable gas, including hydrogen, will enter the gas
network from different supply sources, bothdomesticallyand abroad, the quality parameters of the
gas might change across EU, and it will be important to ensure the interoperability of the gas
systems and the uninterrupted flow of gases across the borders of the EU Member States.

Develop a liquid cross-border market for hydrogen

The transition of the gaseous fuel mix from fossil to low-carbon and renewable gases should be
accompanied with the appropriate adjustments in the energy market. While biomethane can be
traded and supplied under the same contractsasnatural gas (using GOs*' to distinguish them), there
will be a need for developing a specific liquid hydrogen market accessible to all the potential
application sectors (e.g., transport, industry, power). In principle, the existing market platformsand
rules for natural gas can also be used for hydrogen. However, to have a liquid and properly
functioning hydrogen wholesale market, larger supply volumes and a higher number of market
participants (both at the supply and demand side) are preliminary conditions. Once a minimum
threshold in terms of market volumes and participants will have been reached, appropriate
instruments will be needed suchas over the counter (OTC) platformsand centralised exchanges and
adequately designed market products.

2.4. Supply - Otherenergy carriers
2.4.1. Bioenergy

Bioenergy includes solid, liquid and gaseous fuels that can be produced from a wide variety of
feedstocks througha wide variety of conversion routes. These feedstocks can to a certain extent be
utilised flexibly and be used for applications where they offer the highest value. An increasing
volume of biomass is expected to be used for conversion to biogas for which the MIX55 scenario
projects 240 % growth compared tothe baseline projection, which estimatesrelatively stable biogas
consumption between 2015 and 2050 (Table 2-4). Additionally, the MIX55 scenario projects 25 %
growth of solid biomass use for energy purposes and close to 300 % growth of liquid biofuel
consumption compared to the 2015 consumption level, while the baseline scenario projects
reduced solid biomass consumption and much more modest liquid biofuel consumption growth
(40 %). As a result, additional feedstocks and improved conversion technologies will be required,
which is challenging due to sustainability concerns and limited suitable biomass supply.>* >
Furthermore, there are competing uses for biomass such as use as food, feed or feedstock for
industry. Hence, we define ‘increasing biomass supply in a sustainable manner’ as a challenge
for reaching climate neutrality.

feasibility of hydrogen underground gas storage facilitiesis proven, adaption and research are still needed to meet
standards and safety regulations.
50 bid.

5! The renewable origin of biomethane can be proven via Guarantees of Origin (GOs), a credit-based chain of custody

system that is already widely used in the EU to guarantee the source of electricity is renewable. The revised EU
Renewable Energy Directive (2018/2001/EU) extended the scope of GOs to renewable gas, including
biogas/biomethane and hydrogen.

52 PWC etal. (2017) - Sustainable and optimal use of biomass for energy in the EU beyond 2020.
53

PBL (2020), Availability and application of sustainable biomass. Report on a search for shared facts and views.
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Table 2-4: Gross inland consumption of biomass and waste for energy (TWh)

| 2015 [ETEN 2050

Source Actual | BSL MIX BSL MIX

Bio - Solids 1042 986] 1036 866| 1300
Waste Municipal Solid 199 186 186 185 185
Waste Industrial Solid 48 57 61 58 64
Biofuels 169 237 290 236 658
Biogas 130 153 185 172 582
Waste Gas 26 24 25 23 26
Total 1614 1644 1783 1541 2815

Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

2.4.2. Renewable heat

The projected pathway to decarbonise the heating and cooling sector involves a mix of solutions,
including renewable fuels of non-biological origin (RFNBOs), ambient heat and renewable derived
heat. For each of those, an increasing contribution is required for realising the climate neutrality
scenario, comparedto 2015 (Table 2-5). However, for derived heatthe increaseis largely in line with
the baseline scenario, which signals that there are no large challengesto realise this potential.

For ambient heat which refers to heat captured by heat pumps, the increase is much stronger
though and a sizeable gap exists between the baseline projection and the MIX55 scenario. Hence,
we identify scaling up of heat pumps as a challenge for realising the 2050 ambition.

For RFNBOs there s a large volume projected for 2050, which relates to the large increase in power-
to-x discussedin the section on electricity. Hence, this is not a separate challenge but is part of the
challengeto scale up power-to-x capacities.

For other RES, the baseline and MIX55 scenarios provide similar consumption levelsin 2030. In 2050,
however, a substantial gap appears between the baseline scenario and the MIX55 scenario. While
this is partly due to increasing overall renewable heating and cooling consumption in the MIX55
scenario, alarge partis due to decreasing renewable energy consumptionin the baseline scenario,
a result for which the underlying reasonis not clear.

Table 2-5: Historical and projected EU27 renewable heating and cooling consumption
(TWh)

2015 2030 2050

Source Actual [ BSL MIX BSL MIX

Derived heat 154 234 258 190 220
Ambient heat 65 272 408 386 502
RFNBOs 0 0 0 0 607
Other renewable energy sources 824 841 852 748 912
Total 1043 1347| 1517 1325 2241

Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).
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2.5. Demand-Residential and services

2.5.1. State of play

Residentialand services embody some of the greatest challenges to achieving the ambition in the
Climate Target Plan and account for the largest share of energy use in the EU27 (46 % in 2015)** 35
% of the building stock is 50 years or older, 75 % is energy inefficient>> and 76 % are heated with
fossil-fuels.>®

The state of play outlined below summarisesthe baseline scenario (BSL)in the Climate Target Plan.
In summary, the state of play is that total energy use in the residential sector barely decreased
between 2000 and 2015. However, homes became more energy efficientatan annualrateof -1 %
reduction in energy consumption. The home renovation rate was also about 1 % in recent years.
Energy use increased by a quarter in the services sector during the same period. Services also
became more efficient; energy use per Euro of gross value added decreased at — 1 % per year and
the services sector renovationrate was 0.6 % annually in recent years.Overall, energy use deceases
35 % in homesand 51 %in services by 2050 compared to 2015 in the baseline scenario.

Residential

Energy demand

Finalenergy demand in theresidential sectornominally declined between 2000 and 2015 (CAGR=-
0. 1 %) from 2 900 to 2 800 TWh. In the baseline (BSL) scenario, demand decreases -0. 9%/year
between 2015 and 2030, and then -0. 2 % between 2030 and 2050 (Figure 2-12). Electricity
consumption as a share of total demand grows from 24 % in 2015 to 35 % in 2030 in BSL due to
higher penetration of heat pumps,* electric water heaters, and other electrical devices, while the
share of fossil fuels drops 16 % relative to 2015.

Thedistribution of energy consumption by end usehardly changed between 2008 and 2018 (Figure
2-11), with heating dominating energy use; fossil fuels comprised 60 % of heating demand, and
electricity 6 %, although large variation exists between Member States. But improved heating and
cooling efficiencies and building shell improvements result in -27 % in heating and cooling
consumption in 2030 relative to 2005 in BSL, while growing demand for household devices
increases lighting and appliance loads 40 %; overall household energy use drops by a fifth during
this periodin the baseline scenario.

> According to the SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

55 European Commission — DG ENERGY. Enerqy Efficiency in Buildings. 17 February 2020.
56

European Commission. Communication to the European Parliament and the Council on the Renovation Wave.
October 14,2020.

The share of electricity in heating demand should grow to 40 % by 2030 and to 50-70 % by 2050 (EU_System
Integration Strateqy).

57
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Figure 2-11:Share of total residential energy demandby end use in the EU27 (left) and share
of heating demand by carrier(right)
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Energy efficiency

Homes are getting more efficient in the EU27, a trend driven by increasingly stringent minimum
energy performance standards (MEPS) for lighting and appliances, as well as energy standards for
new homes,and home energyrenovations. Energy consumption per dwelling (or home) declined 1
% per year between 2000 and 2018,° from 16 MWh/year to 13 MWh/year (Figure 2-12). During the
2016-20 period the average home energy renovation rate was 1%/year (Figure 2-13).> Energy use
per home declines 1.7 %/year in BSL between 2015 and 2030 to 10 MWh/dwelling, and then at 1
%/year between 2030 and 2050 to 9 MWh/dwelling. Overall, in the baseline scenario, energy use per
home drops 35 % by 2050 relative to 2015.

Services

Energy demand

Final energy demand in the services sector increased by a quarter between 2000 and 2015
(CAGR=1.4%) from 1 200 to 1 500 TWh.In the BSL scenario, demand declines -0.5 %/year between
2015 and 2030, and then -0.1 % between 2030 and 2050. (Figure 2-14). Electricity consumption as a
share of totaldemand somewhat grows from 48 % in 2015 to 54 % by 2030 in BSL while the share
of fossil fuels falls 26 %, mostly reflecting an increase in electricity used for heating and cooling
(mainly heat pumps).

Energy efficiency

As with homes, the EU services sector is becoming more energy efficient. Energy consumption per
Euro gross value added (GVA) declined -1 % per year between 2000 and 2018,%° from 0.23 to 0.19
kWh/2015€. The main reasons are building energy renovations (0.6 % per year on average; see
Figure 2-13),increasingly stringentenergy standards fornew buildings and lighting and appliances,
andincreased use of building automation systems. Energy intensity of the sector declines -29% in
BSL between 2015 and 2030 (CAGR=-2%) to 0.15 kWh/€, and then to 0.10 kWh/€ between 2030 and
2050 (CAGR=-1.9%).In the long run, the energyintensity of the sectordrops 51 % by 2050 compared
t0 2015 in the baseline scenario.

Building energy intensity (e.g., kWh/m?) is another common metric used to evaluate energy
efficiency of the services sector. While data of building area for services is not available from

%8 2019 was an exceptionally warm winter, therefore the historical CAGR was calculated using 2000-18 data.
% Includes Type I renovations of the building shell (e.g., insulation and air sealing).
60 2019 was an exceptionally warm winter, therefore the historical CAGR was calculated using 2000-18 data.
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transversal sources for all MS, data from seven MS accounting for 60 % of services GVA in 2018 in
the EU27 (Germany, Denmark, Netherlands, France, Finland, Sweden, and Spain) shows buildings
used by the sector generally became more energy efficient since 2000. In total, servicesin the group
of seven MS became 8 % less energy intense, droppingfrom 0.23 kWh/m?t00.21 kWh/m? Decreases
between 2000 and 2018 ranged from -20 % in Germany to -7 % in Sweden, while energy intensity
increased 32 % in Spain.®'

Smart meters

Smart meters are an integral part of the European Union’s digitalisation and building
decarbonisationstrategies. Theyfacilitate energysavings through building automationand enable
buildings to be used as active energy market participants, e.g., for local production and demand
response.® A 2019 European Commissionstudy found thatthree-quarters of MS had the regulatory
frameworks in place for smart meter roll-outs and that 34 % of electricity retail customers were
equipped with smart meters, which is well below the aspirational goal of 80% smart meter
deployment by 2020. However, this target only applies in cases where a cost-benefit analysis of
smart meterdeploymenthas beencarried out and has yielded positive results, which is not the case
for all EU Member States. The expectation is that smart meter penetration will grow to 92 % by
2030.%

2.5.2. 2050 ambition

Thelong-term ambitionfor GHG savingsin theresidential and services sector capturedin the MIX55
scenario mainly involves moderate increases in building renovation rates, as well as increases in
renovation depths,and moderate increases in incentives for uptake of renewables for heating and
cooling.

The 2050 ambition in MIX55 scenario for the residential sectorreflects:

e a-1.2 % annual decline in energy demand between 2015 and 2030, and a -0.7 %
decline between 2030 and 2050 (compared to-0.9% and-0.2 % in BSL) (Figure 2-12);

e a23%increasein electricity use by 2050, relative to 2015 (versus +28 % in BSL; MIX55
includes some e-gas and hydrogen for residential, whereas BSLdoes not);

* a-44%dropinenergy use per dwelling by 2050, relative to 2015, compared to-35%
in the baseline;

e asustainedrenovation rate of atleast2 %/year(at least double current levels)* (Figure
2-13);

* a215 % increase in demand for renewable heat relative to 2015 levels in the MIX55
scenario; thisis 170% more than the projectedlevel of renewable heatin 2050in BSL.
MIX55 and BSL have comparable growthin heat pumps, about an eight-fold increase
relative to 2015. The big increase in MIX55 over BSL is in the use of RFNBOS which are
covered as part of the challenge to scale up power-to-x which has been introduced in
the section on the supply sectors.

61 ODYSSEE.

62 European Commission. Impact Assessment Study on Downstream Flexibility, Price Flexibility, Demand Response and

Smart Metering.July 2016.

63 European Commission. Benchmarking smart metering deployment in the EU-28. December 2019.

64 The Climate Target Plan includes renovation rate assumptions for 2026-30, but it is noted in the plan that, ‘While the

focus of the policy options described across scenarios is 2030, increased rate and depth of renovation will have to be
maintained also post-2030.
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Figure 2-12:Residential final energy demand in the EU27 (TWh)
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Source: ODYSSEE; SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up
Europe’s 2030 climate ambition’ (Climate Target Plan).

Figure 2-13:Building renovation rates in the EU 27 (% of existing stock)®
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Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

The ambition for services captures:

e a-17 % declinein energy demand relative to 2015, versus-9 %in BSL (Figure 2-14);
* a2 9% increasein electricity use, versus 10 % in BSL (MIX55 includes some e-gas and
hydrogen for residential, whereas BSLdoes not);

6 Deep renovations that reduce energy consumption by at least 60 % are carried out onlyin 0.2 % of the building stock
per year and in some regions, energy renovation rates are virtually absent (Communication to the European
Parliament and the Council on the Renovation Wave, October 14,2020).
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* a-56% dropin energy use per€GVA by 2050, relativeto 2015, compared to-51 % in
the baseline;
e asustainedrenovationrate of 1.1 %/year (at leastdouble current levels) (Figure 2-13).

Figure 2-14:Servicesfinal energy demand in the EU27 (TWh)
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Source: ODYSSEE; SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up
Europe’s 2030 climate ambition’ (Climate Target Plan).

2.5.3. Key challenges

Increase renovation rates

Current renovation rates havestagnated at 1 %/year forresidentialand at 0.6 % in residential, while
realising the ambitions set outin the Climate Target Plan requires renovating at double those rates
(Figure 2-13). Hence, we identify ‘increasing the renovationrates’ as a key challenge forrealising the
energy transition.

Scale up electrification of building end uses

Electricity demand willincrease by at least a quarterin homes and by up to 10% in services by 2050
(see section 2.5.1). Heating and cooling in buildings is still dominated by fossil fuel furnaces and
boilers, and in some locations by fossil fuel-powered district heating (e.g., combined heat and
power).As of 2015, only 6 % of home heating was electric. Water heatingand cookingare otherend-
uses with potential for further electrification. While further electrification of end uses is not theonly
solution for climate neutrality, increased use of low-carbon gases plays a key role as well in the
MIX55 scenario for instance, it would be beneficial for absorbing higher shares of intermittent
renewable electricity generation and could be a suitable pathway to pursue for phasing our fossil
fuel use in buildings. Hence, we consider ‘scaling up electrification of building end uses’ as one of
the challenges of the energy transition.
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Promote electricity demand response

As buildings continue to electrify, their potential as a demand response resource increases
commensurately. Demand response (DR) is, ‘the intentional modification of normal consumption
patterns by end-use customers in response to incentives from grid operators.’ DR is an important
contributor to system decarbonisation because it lowers overall system demand, and enables
greater systemintegration of wind and solar.®” And it benefits consumers by lowering energy bills
upto 10 % or more.®® Despite these benefits, only 10-20 % of the 50 GW in achievable DR potential
is realised in Europe today.® 7° While this is an improvement over 2013, when DR was nearly non-
existentin Europe, there are still substantial barriers for furtheruptake of DR.”' As such, we identify
further ‘promotion of electricity demand response’ as a challenge for realising the energy transition
cost-effectively.

2.6. Demand -Industry
2.6.1. State of play

Industry forms many links within value chains critical to the EU, including transport, construction
and power; it also produces goods enabling emissionsreductionsin othersectors.And industry has
made great progress itself towards decarbonisation — between 1990 and 2015, energy intensive
industries (Ells) reduced their carbon emissionsby 36 %.”?In 2015 the sector accounted for 26 % of
energy demandinthe EU27.7

The state of play in industryis that final energy demand declined 10% between 2000 and 2019, while
becoming 20 % more efficient. In the baseline scenario, electricity use as a share of total industrial
demand grows from 23 % in 2015 to 40 % by 2050 and energy intensity continues declining -2 %
through 2030 and-1% thereafter (Climate Target Plan).

Energy demand

Finalenergy demandin theindustrial sector increased between 2000 and 2008 at 0.6 % CAGR, then
decreased in the wake of the financial crisis through 2019 at -1,3 %/year. Overall, industrial demand
fell 10 % between 2000 and 2019. In the baseline scenario, demand declines -0.7 %/year between
2015 and 2030, and then at -0.1 % between 2030 and 2050. Electricity consumption as a share of
totaldemand grows from23 % in 2015 to 35 % by 2035 and to 40 % by 2050, driven by electrification
ofindustrialheat and of processes, while the share of fossil fuels declines from 63 %in 2015 to 40 %
in 2050.

66 European Commission, Strategic Energy Technologies Information System (SETIS). Demand response - empowering
the European consumer. 2014.

67 European Commission. Incorporating demand side flexibility, in particular demand response, in electricity Markets.5
November 2013.

% d.

6 European Commission, DG ENERGY. Impact assessment study on downstream flexibility, price flexibility, demand
response and smart metering.July 2016.

70 Regulatory Assistance Project (RAP).The potential of Demand Response in Europe. October 2017.

7T European Commission, DG ENERGY. Impact assessment_study on downstream flexibility, price flexibility, demand
response and smart metering.July 2016.

72 European Commission. Final Report of the High-Level Panel of the European Decarbonisation Pathways Initiative.
November 2018.

73 SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).
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Energy efficiency

Energy savings rate

European industry has become much more energy efficient in recent years. Asstated in the Climate
Action Plan:

The industrial sector has already significantly investedin improving its energy efficiency, mainly to
address its highenergy costs comparedto its international competitors.

Measures taken by industryresultedina 21 % improvement in energy efficiency in 2018 relative to
2000 in the EU28.7* This is attributable to implementation of energy management systems,
participationin the ETS, and adoption of newadvanced technologies.”

Energy intensity

Energy consumption per Euro gross value added (GVA) declined -1 % per year between 2000 and
2019, from 4.6 to 3.8 kWh/2015€.7 Energy intensity of the sector declines -26 % in BSL between 2015
and 2030 (CAGR=-2%) to 3.0 kWh/€, and then to 2.4 kWh/€ between 2030 and 2050 (CAGR=-1.1 %).
Overall, energy intensity drops41 % by 2050 compared to 2015 in the baseline scenario. Forecasts
of industrial energy efficiency are dependent on estimates of GVA. Because this is a long-term
forecast, for this analysis we assumed industrial GVA grows at the same rate through the forecast
period in the baseline scenario as it did during the entire historical period of 2000-19, at 1 %/year.
Higher estimates of GVA will result in lower estimates of energy intensity; conversely lower
estimates of GVA willresultin higher estimates of energy intensity.

2.6.2. 2050 ambition
The 2050 ambition in MIX55 forindustry shows:

e a-1.1% annualdeclinein energydemand between 2015 and 2030, increasing to -04%
between 2030 and 2050, compared to -0.7 % and -0.1 % in BSL (Figure 2-15)

e a-47 % dropin energy use per €GVA by 2050, relativeto 2015, compared to-40 % in
the baseline

e electrification of half of energy demand by 2050 - double the 2015 share compared
to40 % in BSL (up 16 % from 2015).

74 The total industrial energy savings rate is a composite measure of energy efficiency progress. It is calculated as a
weighted average of industry sub-sectoral indices of energy efficiency progress, e.g., kWh per unit of production.
Enerdata calculates the industrial savings rate using data from 12 industrial sectors including 7 main sectors
(chemicals, food (beverage and tobacco), textile (and leather), wood, machinery (and metal products), transport
vehicles and other manufacturing; 3 energy intensive sectors (steel, cement and pulp & paper); 2 residual sectors
(other primary metals (i.e. primary metals minus steel);non-metallic minerals(i.e. non-metallic mineral minus cement);
and mining and construction. The indicesare expressed in termsof energyused perton produced for energyintensive
products (steel,cement and paper) and in terms of energy used related to the production index for the other sectors.
The energy savings rate for the EU27 was not available at the time of this writing. The energy savings rate accounts
for but does not necessarily indicate the energy use baseline of industry within each MS. For example, the low energy
savings ratesfor Finland, Germany and Sweden indicate industries in these countries were already relatively energy
efficientin 2000.

7> European Commission. Final Report of the High-Level Panel of the European Decarbonisation Pathways Initiative.
November2018.

Source: ODYSSEE; SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate
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ambition’ (Climate Target Plan).
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Figure 2-15:Final industry energy demand (TWh)
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Source: ODYSSEE; SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up
Europe’s 2030 climate ambition’ (Climate Target Plan).

2.6.3. Key challenges

Accelerate implementation of carbon-neutral technology in industrial processes

Whilethereis a need for further energysavingsin industry, such savings alone will not be sufficient
to decarboniseindustrial energy consumption fully. For that, carbon-neutral production processes
need to be implemented which are at present eithernot available yet or not cost-competitivegiven
the current price of carbon (Table 2-6).

Proving the technical feasibility of new technologies is a central barrier to industrial
decarbonisation. This is particularly relevant for process-heavy energy-intensive industries such as
chemistry, steeland cement, that face daunting decarbonisation challengesas cost-efficient, near-
zero-carbon technological options for these sectors are currently either non-existent or not well-
proven.”

Further, the costof proving such technologiesis not something industry is willing to leverage on its
own, and even if the technologies do breakthrough to commercialisation, operational barriers could
prevent substantial uptake.” As such, we conclude that ‘accelerating the implementation of carbon-
neutraltechnologyinindustrial processes’is the key challenge for decarbonising industry.

77 European Commission. Final Report of the High-Level Panel of the European Decarbonisation Pathways Initiative.

November 2018.

Institute for European Studies.
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Table 2-6:Readiness levels, CAPEX and OPEX costs of new low-carbon technologies for use
in industry

Technol Technology CAPEX costs, compared OPEX costs,
echnology readiness to baselinetech comparedto current

Varies, dependingon

Electrification of High - Exceptforglass Vgrlabl'e,e.g., low for energy prices and
. boilers, high for process efficiency gains from
heating and cement
heat process heat

electrification

Very low -Few
demonstrations High
performed

Electrification of
processes

Highly dependent on
electricity prices

Low - Moving towards

Processintegration . Medium Higher
pilot plants
Low - Moving towards . ;
Hydrogen e s High Higher
Variable-Some pior | Highasfeedstockionew | [ RS SUTELS
Biomass P tech, Low-Med as fuel for . P

as fuelforsome
existing tech

plants existing tech

Medium - Moving
CcCu towards Med-High Higher
commercialisation

Low - Moving towards

ccs pilot plants

High Higher

Source: Institute for European Studies.

2.7. Demand-Transport

2.7.1. State of play

In 2019 the transport sector consumed 3 360 TWh, accounting for 31 % of the final energy
consumption in the EU27, an increase of 3 % from 2015. According to the Climate Target Plan
baseline scenario, the sector’s energy consumption is expected to decrease by only 3 % between
2015 and 2030, and up to 13 % by 2050, reaching about 2 780 TWh by 2050.

Road transportconsumedin 2019 more than 93 % of the totaldemand in the sector, i.e. 3 144 TWh
(Figure 2-16). Domesticaviation andrail consumed 77 TWh and 61 TWh respectively, accounting for
roughly 4% of the sector’s demand. Domestic navigation consumed almost 50 TWh, accounting for
around 1% of the sector’s energydemand.
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Figure 2-16:Historical EU27 final energy consumption per type of transport
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Source: Eurostat (2021). Complete energy balances [NRG _BAL C]. Final energy consumption excludes
international aviation and international maritime navigation.

Fuelconsumption of international aviationand international maritime bunkersis not accountedfor
in the EU27 final energy consumption. In 2019 international navigation consumed over 500 TWh,
while international aviation reached 485 TWh.

In 2019 oil products were still the dominant energy fuel in the transport sector.” Qil products
accounted for 93 % of the final energy consumptionin the sector.® Since 2014 oil consumption has
been followingan upward trend at an average rate of almost 2 % per year. The main reasons for the
increasing energy consumption were the growth in transport activity, the shift towards larger cars
andthelow oil prices.®'

Liquid biofuels are the second largest fuel source with 4 % of the consumption, followed by
electricity (1.4 %) and natural gas (1 %). As a result, the transport sector had the lowest shares of
renewable energy in 2019, with only 8.9 %.%

The fuel mix of the sector is projected to change modestly: the share of oil products is projected to
remain dominant, decreasing from95 % in 2015 to 89 % in 2030 and down to 77 % in 2050 (Figure
2-17). Electricity’s share is expected to increase from 1.2 %in 2015t0 3.4 % in 2030, and up to 8 %in
2050. Naturalgasrolein transport willalso increase slightly, from 0.5%in 2015, to 3 % in 2030 and
up to 7 % in 2050. Liquid biofuels will experience only a minor change between 2015 and 2030,
rising up to almost 5 % in 2030, but by 2050 their relative share will remain the same as in 2015
(around 4 % of the fuel mix). According to the baseline scenario hydrogen and biogas would only
play a marginalrolein transportin 2030-2050.

7 Eurostat , Complete energy balances [NRG_BAL C].

80 To ensure alignment with the Climate Target Plan baseline and policies scenarios, historical figures of the fuel mix of
the transport sector include international aviation and maritime navigation, but exclude inland navigation.

81 SWD(2020) 331 final. Sustainable and Smart Mobility Strategy — putting European transport on track for the future.

82 Eurostat SHARES summary results2019. SHARES tool version 2019 takes into account specific calculation provisions
according to Directive 2009/28/EC, in addition to the new possibility to allocate domestically produced biomethane
to thetransport sectoron the basis of the mass-balance system (with appropriate traceabilityrequirements). Available
at: https://ec.europa.eu/eurostat/web/enerqgy/data/shares.
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Figure 2-17: Historical and projected EU27 final energy consumption in transport per fuel
(baseline scenario)
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Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Note: Values up to 2015 are historical figures from Eurostat. 202033 and onwards are projections. Including
international aviation and maritime navigation, excluding inland navigation.

Road transport

The rise of electricity consumption in transport will be mainly driven by an increasing penetration
of electricand hybrid vehicles in the light duty segment (see Figure 2-18). The share of electric cars
is projected toriseto 11 % by 2030 and 30 % by 2050 in the baseline scenario. The new standards,
applicable from respectively 2025 and 2030, set binding targets for automotive manufacturers to
reduce CO>-emissions and thus fossil fuel consumption.® After 2030 the electrification of light duty
vehicles is expected to increase rapidly due to the fleet renewal — as standards and targetsapply to
new vehicles, there is a delay between their introduction and the powertrain changes in the stock
of vehicles - driving down greenhouse gas emissionsmoreintensely than in the period up to 2030.
Fuel cells® will in the time horizon 2050 only play a minor rolein the light duty vehicles fleet. With
existing policies and targets, low emission vehicles are projected to reach 54 % of the stock of
passenger cars and 52 % of vans in 2050.

85 Eurostat (n.d.) Complete energy balances [nrg_bal_c]. Available at:

https://appsso.eurostat.ec.europa.eu/nui/show.do ?dataset=nrg_bal _s&lang=en.

8 Regulation (EU) 2019/631 Setting CO2 emission performance standards for new passenger cars and for new light

commercial vehicles.

85 Fuel Cell vehicles use a propulsion system similar to that of electric vehicles, where energy stored as hydrogen is

converted to electricity by the fuel cell. Unlike conventional internal combustion engine vehicles, these vehicles
produce no tailpipe emissions.
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Figure 2-18: Private cars and vans (light duty vehicles) stock by type of drivetrainin 2015,
2030and 2050 (baseline scenario)
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Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

In the heavy-duty vehicles segment, diesel hybrids are in the BSL scenario projected to represent
around 16 % of the stock in 2030 while internal combustion engine-vehicles (ICE) running on
gaseous fuels (LPGand LNG) around 6 % of the stock. With current policies the share of conventional
diesel vehicles would decrease from almost 100 %in 2015 to 47 % in 2050. Diesel hybrid drivetrains
are projected to accountfor 35 % of the heavy-duty stock by 2050, while ICE using gaseous fuels will
accountfor 15 %.

Other (rail, aviation, navigation)

For rail, the baseline scenario projects that around 89 % of the rolling stock used for passenger
transportis estimated to be electricby 2050, and 79 % for freight rail.

At present, air transportrelies entirely on petroleum products, with a marginal contribution of liquid
biofuels (less than 0.1 %). The baseline scenario expects liquid biofuels (i.e., bio-kerosene) to
representaround 0.2 % of energy demand in air transport by 2030, and almost 3 % by 2050.

Moreover, the baseline scenario projectsa large share (88 %) of the vessels fleet forinland waterways
and national maritime navigation to be powered by liquid biofuels by 2050. LNG vessels would
account for 12 % of the 2050 fleet, driven by CEF funding and the assumed availability of LNG
refuelling infrastructure, plus the Sulphur Directive (EU 2016/802), regulating air pollution deriving
from sulphur contentin marine fuels thatis also relevant for national maritime transport.

2.7.2. 2050 ambition

The 2050 ambition as envisaged in the MIX55 policy scenario of the Climate Target Plan projects a
decrease in the transport sector’s energy consumption of 5 % in 2030 and 39 % in 2050 when
compared to 2015, driven by improvements in energy efficiency and in the efficiency of the
transportsystem (see Figure 2-19 below).

When compared to the baseline, the MIX55 scenario projects for 2030 a slightly lower share of oil
products (86 %), taken up by higher shares of electricity (4 %) liquid biofuels (6 %) and the
participation of hydrogen and biogas (0.3 % each) and of E-liquids (0.2 %). The role of naturalgas in
the MIX55 scenario for 2030is expected to be the sameas in the baseline (3 %).
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The differences between the fuel mix in both scenarios become more significantin the projections
for 2050. In the MIX55 scenario the role of oil products is reduced to only 13 % of the energy
consumed in the transport sector,and the share of natural gas is also reduced to 1 %. The use of oil
products willremain mainly for the aviation and maritime sectors.

Electricity, liquid biofuels, hydrogen and E-liquids have a dominantrole in the MIX55 scenario of
2050. Electricity will account for 21 % of the share of fuels in transport, as a consequence of stricter
CO; emission standards for vehicles and increased availability of charging infrastructure. Together,
liquid biofuels and biogas will account for 24 % of the fuel mix thanks to dedicated fuel policies,
including for aviation and maritime navigation. Finally, hydrogenand E-liquids will each account for
19 %, while E-gas will reach 3 %, driven by fuel obligations for aviationand maritime navigation.

Figure 2-19: Historical and projected EU27 final energy consumption in transport per fuel
(MIX55 scenario).
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Source: SWD(2020) 176 final — Impact Assessment accompanying the document ‘Ste pping up Europe’s 2030
climate ambition’ (Climate Target Plan).

2050 ambition for road transport

The Impact assessment of the Climate Target Plan suggests that by 2050, almost all cars (between
88-99 % of the vehicle stock) need to be low or zeroemission in order to reach the climate neutrality
target (Figure 2-20).%

Electrification in road transport will further increase, as a consequence of economic and techniaal
improvements, stricter CO, emission standards for vehicles and increased availability of charging
infrastructure.

86 SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’

(Climate Target Plan).
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Figure 2-20: Private cars and vans (light duty vehicles) stock by type of drivetrainin 2015,
2030and 2050 (MIX55 scenario)
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Source: SWD(2020)176 final — Impact Assessment accompanying the document ‘Stepping up Europe’s 2030
climate ambition’ (Climate Target Plan).

Regarding the heavy-duty segment, 2050 projections of the MIX55 scenario foresee that diesel
hybrid and hydrogen will account for 26 % of the fleet each, followed by electric and ICE using
gaseous fuels drivetrainswith 18 % and 17 % respectively (Figure 2-20). In this scenario the share of
diesel conventional trucks will by 2050 account to only 13% of the stock.

Inthe policies scenarios of the Climate Target Plan, the electric rolling stockwould by 2050 represent
around 94-95 % for passengerrail transport, and 88-89 % for freightrail. To support suchsignificant
changes, rail infrastructure would need to be largely electrified by 2050. Hydrogen powertrains
would contribute to around 1% of the passengerrolling stock, andaround 2 % for freight rail in the
MIX55 scenario, providing a viable option for rail sectionsthat are difficult to electrify.

With regards toaviation, the policies scenarios project renewable and low carbon fuels to represent
around 5% of the energy use in 2030 and between 63 % to 68 % in 2050, driven by fuel policies such
as ReFuelEU aviation. The largest part of renewable and low carbon fuels by 2030 would be provided
by liquid biofuels, with e-fuels accounting for between 0.7 % and 2 % of the energy use. E-fuels are
projected to provide up to 35 % of the energy used in transport by 2050. Despite this uptake of
liquid biofuels and e-fuels, fossil fuels would still account for 32 to 37 % of the energy fuels used in
aviation by 2050.

The policies scenarios would expect energy intensity of inland waterways and national maritime
vessels to go down by 36-38 % during 2005-2030, and a decrease of 45-49 % for 2005-2050.
Renewable and low carbon fuels would represent 8to 13 % of the fuel mix by 2030 and 85-90 % by
2050. Liquid biofuels would provide the largest share by 2030, but by 2050 e-liquids would represent
37 to 42 % of the energy useininland waterways and national maritime, followed by liquid biofuels
(30-38 %) and decarbonised gases (9-10 %). Electricity and hydrogen contribute together 9to 13 %
ofthe fuel mixby 2050. In the international maritime transport sector, renewable and low carbon
fuels are projected at 5.5 to 13.5 % of the fuel mix by 2030 (7.5 % in the MIX55 scenario). By 2050
they would represent86-88 % of the energy usein international maritime. The uptake of renewable
and low carbon fuels in both types of navigation is driven by fuel policies including the FuelEU
maritime initiative and supported by the deployment of refuelling infrastructure.

The ambition for 2050 for transport also includesimproving the overall efficiency of the transport
system, and changes towards more sustainable transport modes (energy efficient and less
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carbon intensive). According to the Sustainable and Smart Mobility Strategy®, green mobility in
Europe should be based on ‘an efficient and interconnected multimodal transport system for both
passengers and freight, enhanced by affordable high-speed rail network, by abundant recharging and
refuelling infrastructure for zero-emission vehicles and supply of renewable and low-carbon fuels, by
cleaner and more active mobility in greener cities that contribute to the good health and wellbeing of
their citizens." As such, the ambition set out for 2050 for the transport sector also include the
following changes®:

e High-speed rail trafficwill grow threefold;

e Railfreight trafficwill increase by 50 % by 2030 and double by 2050;

e Transportbyinland waterwaysand shortsea shipping willincrease by 25 % by 2030
and by 50 % by 2050.

2.7.3. Key challenges

Accelerate electrification of passenger and light duty vehicles

The climate-neutrality scenarios project high penetration of electric vehicles for passenger andlight
duty vehicles, compared to much more moderate growth of electric vehicles in the baseline
scenario. Hence, we identify ‘accelerating electrification of passenger and light duty vehicles’ as a
key challenge for realizing the energy transition.

Develop and implement carbon-neutral options for heavy duty road transport,
navigation and aviation

There are greater challenges to heavy duty road transport, air and waterborne transport: currently
thereis a lack of market ready zero emission technologies for those transport modes, as well as long
development and life cycles of vessels. However, zero-emission heavy duty road transport, ocean-
going vessels and large zero-emission aircraft need to become marketready a decade from now to
realise the climate ambitions.® Hence, we identify the ‘development andimplementation of carbon
neutral options for heavy duty road transport, navigation and aviation’ as a key challenge for the
energy transition.

2.8. Overview of key challenges

The assessment above provides insight into the breadth of the developments and challenges
associated with realising the energy transition. Based on our assessment of the current
developments andthe projections forrealising climate-neutrality, we arrivedat a list of thirteen key
challenges for realising the energy transition, which are listed in Table 2-7 below. Those challenges
are largely asummary of the challengesidentified in the previous sections, with a few modifications,
mainly to merge challenges thatarerelevant formore sectors. The list below forms the basis for the
remainder of this studyand s furtheranalysed in the next chapter.

87 COM(2020) 789 final. Sustainable and Smart Mobility Strateqgy — putting European transport on track for the future.

8  When compared to 2015 activity.

8 COM(2020) 789 final. Sustainable_and Smart Mobility Strateqy — putting European transport on track for the future.

34


https://eur-lex.europa.eu/resource.html?uri=cellar:5e601657-3b06-11eb-b27b-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:5e601657-3b06-11eb-b27b-01aa75ed71a1.0001.02/DOC_1&format=PDF

Annex: Cost of non-Europe in the area of energy

Table 2-7: Condensed list of key challenges for realising the energy transition
#
Accelerate solarand wind energy deployment
Develop and scale up CCUS for power plants and industry
Accelerate phase out of fossil fuel use for power generation
Scale up battery storage
Scale up low-carbon hydrogen production and power-to-x
Promote further cross-border integration of electricity systems and markets
Promote electricity demand response
Increase bioenergy supply in a sustainable manner

Increase renovation rates of buildings

SOOO\IO\U'I-bUUN—‘.

Scale up electrification of building end uses

—_
—

Accelerate implementation of carbon-neutral technologyin industrial processes

—_
N

Accelerate electrification of passenger and light duty vehicles

13 Develop and implement carbon neutral options for heavy duty road transport, navigation and
aviation

Source: own elaboration

2.9. Consistency with scenarios made in other studies

The challenges summarised in the previous section rely for a large part on a comparison between
the baseline projection and the climate-neutrality scenarios delivered for the Impact Assessment of
the Climate Target Plan. In this section we compare thefindings to theresults of otherscenarios to
check the consistency of the scenarios with scenarios delivered in other studies and thereby assess
therobustness of the main challengesthatwe identified. We first compare to several scenarios that
have been made for the EU specifically and have been summarised in a recent study by the EU Joint
Research Centre (JRC).* A second comparisonis against the 2021 study by the I[EA on reaching net
zero globally.”!

2.9.1. Comparison to EU net zero scenarios

For this assessment we present a summary of trendsfound in other EU long-term energy scenarios
that reach at least 50 % emission reductionin 2030.°* The analysis is largely based on the findings of
the JRCstudy® ‘Towards net-zero emissions in the EU energy system by 2050, which compared the
results of different scenarios that met the mid-termambition (i.e. emission reduction of 50 %-56 %

% Tsiropoulos 1., Nijs W,, Tarvydas D., Ruiz Castello P. (2020), Towards net-zero emissions in the EU energy system by

2050 - Insights from scenarios in line with the 2030 and 2050 ambitions of the European Green Deal, EUR 29981 EN,
Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-13096-3, doi:10.2760/081488,
JRC118592.

°1 |EA (2021), Net Zero by 2050 — A Roadmap for the Global Energy Sector.

92 The projections of these scenarios present results aggregating EU27 with UK as EU28.

9 Tsiropoulos 1., Nijs W,, Tarvydas D., Ruiz Castello P. (2020), Towards net-zero emissions in the EU energy system by

2050 - Insights from scenarios in line with the 2030 and 2050 ambitions of the European Green Deal, EUR 29981 EN,
Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-13096-3, doi:10.2760/081488,
JRC118592.
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by 2030 compared to 1990), and those thatmet the long-termambition ((i.e. near-zeroemissions or
emission reduction of at least 90 % by 2050 compared to 1990).

Table 2-8:Scenarios that meet the mid-term and long-term ambitionforemissionreduction
in the EU28

Publisher Scenario Mid-term ambition Long-term ambition
abbreviation 2030 2050

Joint Research Centre LCEQO Zero Carbon -54% -100%
International Energy Agency  IEAETP B2DS -63 % -92%
Europear\ llzies ECF Shared effort -52% -92 %
Foundation

EuropeapCIlmate ECF Demand-focus -56 % -90 %
Foundation

Oeko-Institut Oeko Vision -55% -99 %
Teske etal. 2019 IFS 2C -59% -100%
Teske etal. 2019 IFS 1.5C -77 % -100%
WindEurope WindEurope PC -55% -90 %

Source: Adapted from Tsiropoulos, et al. (2020) Towards net-zero emissions in the EU energy system by 2050.

Most of these energy scenarios show a reduction in the final energy consumption, and a
considerable rise in the share of RES in all the sectors by 2030, while major transformations are
expected by 2050 for all sectors. Key sector-specific trends arediscussed below.

There is a rapid expansion of renewable electricity in all scenarios, mainly from wind and solar.
However, there is some variation across models regarding the assumptions of the size of the
electricity sector in terms of the sector output: A couple of scenarios (ECF scenarios) expect the
electricity sector to shrink, while the rest of the scenarios foresee an increase in the electricity
generation. In both groups the scenarios expect renewable capacity to increase due to the
replacement of decommissioned coal plants. The share of gas-fired electricity is expected to
decrease between 2030-2050 in most scenarios, except for WindEurope PC, where the share is
expected to be maintained. The scenarios do not explicitly mention if battery storageis used.

Natural gas is expected to be almost fully phased out between 2030 and 2050 in most scenarios,
with the exception of the IEA ETP B2DS, whereiits role is reduced but it still plays a role in fulfilling
inland consumption.The specifictrends of other gases (biogas and hydrogen) are not available.

Regarding residential and services (buildings), the trends identified across scenarios are reduced
energy demand and electrification of heating. Most scenarios project an increase of electricity
consumption.* District heatingis expected to either maintainor increase its weight in the sector by
2030, while the use of heat pumps is expected to increase, which is the primary reason for the
electrification of heating and cooling. By 2050, buildings consume significantly less energy than
today due to building renovation and the use of fossil fuels in the sector is practically phased out,
replaced mainly by electricity, and anincrease in the use of district heating.

The different scenarios are mostly consistent regarding trends in the industry sector. Most of them
showa reduction in energy demand equally distributed among the main fuels by 2030, possibly as
aresult of energy efficiency measures andpartlyalso due to alower output from industry. Only two

94 With the exception of the ECF scenarios (ECF Shared effort and ECF Demand-focus), in which electricity consumption

decrease, possibly due to assumed high efficiency improvements in the sector.
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scenarios (LCEO Zero Carbon and Oeko Vision) expect the emergence of hydrogen consumptionin
theindustry by 2030. By 2050 the sectorwill consume significantly less fossil fuels. The highest fossil
fuel consumption across scenarios is observed in IEA ETP B2DS with 35 % of the sector’s energy
needs. The sector is largely electrified in all scenarios, and hydrogen emerges as a significantenergy
carrier by 2050 in all scenarios with 5-20 % of energy consumptionin the sector.

Five scenarios include the use of CCS to abate emissions from fossil fuel use in 2050, ranging from
36 to 466 Mt CO. per year (see Figure 2-21). The ECF Shared effortscenario require all remaining gas
plants after 2030 to be equipped with CCS, while in the case of Oeko Vision CCSis only used by the
industry sector. Two scenariosdon’tinclude the use of CCSin their projections (IFS 2Cand IFS 1.5C),
and thereis not enough data to estimate the use of CCS in the WindEurope PC scenario.

Figure 2-21:CO, underground storage in 2050 in scenarios
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Source: Adapted from Tsiropoulos, et al. (2020) Towards net-zero emissions in the EU energy system by 2050.

In the transport sector the scenarios presenta consistentoutlook for 2030 in terms of reduced final
energy demand, switching fromoil to electricity andbiofuels, and penetration of new technologies.
The main technologies considered are electric vehicles, plug-in vehicles and/orfuel cell vehicles for
road transport, and advanced biofuels and synthetic fuels from hydrogen (e-fuels) or syngas
(synfuels) for airplanes,shipsand heavy duty vehicles (road transport). Most scenarios do not expect
a significant deployment of advanced fuels or hydrogen in transport by 2030, with the exception of
LCEO Zero Carbonand Oeko Vision. By 2050 the scenarios’ outlooks vary greatly depending on their
underlying assumptions.

2.9.2. Comparison to the global net zero scenario elaborated by the IEA

The IEA prepared a comprehensive roadmap for the global energy sector with the aim of reaching
net zero by 2050.* This roadmap has been developed in the context of preparing for the 26"
Conference of the Parties (COP 26) which will take place in November 2021 and is the most recent
major study on reaching netzero at the time of writing (May 2021).In Table below we list the main
findings and challenges suggested in IEA’s scenario for each of the main challenges that we
identified for this study.

% |EA (2021), Net Zero by 2050 — A Roadmap for the Global Energy Sector.
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Table 2-9: Comparison of key milestones and challenges identified in this study and in

recent|EA study

4 Key challenges identified in this
study

Accelerate solarand wind energy
deployment

Develop andscale up CCUS for
power plants and industry

Accelerate phase out of fossil fuel
use for power generation

4 Scale up battery storage

Scale up low-carbon hydrogen
production and power-to-x

Promote further cross-border
6 integration of electricity systems
and markets

Promote electricity demand
response

Increase bioenergy supplyina
sustainable manner
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Milestones/challenges suggested in IEA netzero pathway

Rapid scale up of solarand wind required,
reaching annual additions at 4x the 2020
record levels by 2030

Advanced economies reach net-zero
emissions electricity in 2035

Globally, almost 70 % of electricity
generation is from solar PV and wind by
2050

4 Gt CO; capturedin 2035, growingto 7.6
Gtin2050 (>20% of current global
emissions (35 Gt))

Every month from 2030 onwards, ten
heavy industrial plants are equipped with
CCuUs

Identified as innovation priority
Infrastructure to be rolled out between
2020and 2030

Deployment of CCUS identified as a major
uncertainty

No new unabated coal fired power plants
approved from 2021

Unabated coal in advanced economies
phasedoutin2030

Electricity system flexibility needs
quadruple by 2050

Major increases in battery storage
required

Identified as innovation priority

150 Mtlow-carbon hydrogen produced in
2030 growingto 435 Mtin 2050
Identified as innovation priority
Infrastructure to be rolled out between
2020and 2030

Investments in transmission and
distribution grow >3-fold between 2020
and 2030

Electricity system flexibility needs
quadruple by 2050

Major increases in demand response
required

Role as flexible source of electricity supply
Availability of sustainable bioenergy
identified as a key uncertainty

Phase-out of traditional solid biomass,
increasing use of modern bioenergy
Sustainable bioenergy identified as
innovation priority
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e 50 % of existing buildings retrofitted to

Increase renovation rates of
zero-carbon ready levels by 2040

buildings e Increasing to 85% of buildings by 2050
e Nosales of new fossil fuel boilers from
10 Scale up electrification of building 2025
end uses e 50 % of heatingdemand met by heat
pumpsin 2045
e large share of required technologies are
not on the marketyet. 2020-2030should
be usedto bring them to the market
Accelerate implementation of e Strong electrification foreseen for
11 carbon-neutral technologyin industry, growing to 53 % of steel
industrial processes production and 76 % of light industry

processes by 2050
e More than 90 % of heavy industrial
production is low emissions by 2050

e 60 % of global carsales are electric by

. . 2030
Accelerate electrification of . . .
12 e Nonew internal combustion engine car

passengerand light duty vehicles sales allowed from 2035

e 86 % of global carstockis electric by 2050

e Large share of required technologies are
not on the marketyet. 2020-2030should

Develop andimplement carbon be used to bring them to the market
13 neutral options for heavy duty road e 50 %of heavytrucksales are electric by
transport, navigation and aviation 2035
e 50 % of aviation fuels are low emissions
by 2040

Source: |EA (2021),NetZero by 2050 - A Roadmap for the Global Energy Sector.

As can be observed from the overview above, there is a great degree of consistency between the
key challenges that we identified in this study and the findings from the [EA. Bothstudiesforeseea
major role for solar and wind and rapid decarbonisation of the electricity supply, a large degree of
electrification for road transport and building end-uses, and a strong need for scaling up sources of
energy system flexibility such as battery storage and demand response. Additionally, both studies
foresee a significant role for hydrogen and CCUS, a need for higherrates of building renovationand
a more uncertain outlook in terms of the technological pathway for decarbonising industry,
navigation and aviationwith arelatively large need for RD&.

2.9.3. Conclusions on consistency with other projections

Overall, the different scenarios mostly point to the same key challenges as identified based on the
Climate Target Plan and supporting analyses. Asa result,we considerthe list of key challenges (Table
2-7) a robust summary of where additional public intervention to support the energy transition
should be targeted and willuse it as the basis for the identification of additional policy measuresin
the next chapter.
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3. Potential EU policy measurestoaddress the key challenges

In this chapter we detail the key challenges identified in the previous sectionin orderto understand
the underlying reasons and the ability for EU policies to address those. For each challenge we first
identify the underlying gaps and barriers that cause the challenge to exist. Depending on the
challenge, the barriersand gaps can differ in nature and may include technological, economic, sodal
as well as regulatory/politicalissues. The main objective here is to answer the question: why do the
required developments nothappen without further publicintervention?

The second step is to identify the most relevant policy measures that can be used to address the
challenge. Here we distinguish the following categories of policy measures:

« Carbon pricing

o Co-funding ofinvestments

« Subsidies

» Loansandguarantees

« RD&l funding

« Taxreform

« Standards and minimum requirements

« Bansonspecificenergy vectors/technologies/applications
» Market design and market regulation

« Strategy development, infrastructure planning and target setting
o Communication and training

In the third step we estimate what the most appropriate level ofintervention would be (EU or MS)
in order to lay thefoundation for assessing the cost of non-Europe in the final part of the study. In
this assessment consideration is given to whether or not the EU has the mandate to enact the
policies, to what extent such measures would be enacted without EU action, and whether or not
acting at EU level is more efficient than at national level. Based on this assessment we categorise
each policy action accordingly in terms of the most appropriate level of EU intervention. Here we
distinguish the following categories:

e EU primary action: Theinfluence and responsibility for action resides mostlyat the
level of EU institutions.

e EU-Member States joint action: The influence and responsibility for action is
distributed fairly equally between EU institutions and Member States.

e Member State primaryaction: The influence and responsibility for action resides
mostly at the level of Member State institutions.

In the next section we perform the first two steps (identifying barriers and most relevant policy
measures) for each challenge individually. The challenges are presented in order of their
identification in the previous chapter, starting with supply-side challenges followed by demandside
challenges. This does not infer anything aboutthe relative importance of the challenges.

In the subsequent section we consolidate the most relevant policy measures across the challenges
and estimate the appropriate level of intervention per policy measure. We want to emphasise that
while this exercise is informed by various studies and the analyses in the previous chapter, the
identification of the most important barriers, selection of the most relevant policy measures, and
estimation of the appropriatelevel of intervention is in the end primarily our expertjudgment.
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3.1. Identification of barriersand policy measures

3.1.1. Accelerate solar and wind deployment

While solar and wind deployment has accelerated tremendously in recent years, a further
acceleration is needed to reach climate neutrality. The reason that such acceleration is notexpected
to happen naturallyis threefold. Firstly, in spite of spectacular cost reductions, solar and wind energy
projects are not always profitable enough to trigger private investment, necessitating continued
support measures.”® ¥ Secondly, the capacity of the electricity grid is not always sufficient for
connecting additional solar and wind capacities, or the necessary grid does not exist yet (in case of
offshore renewables). Finally, even if projects are profitable and there is enough grid capacity, the
deployment may not happen as quickly as desired due to other non-market barriers, such as
assigning land and sea for RES deployment, launching calls for tenders and obtaining the required
permits.

Theissue of a lack of profitability *® can be further brokendown into three sub-barriers. Thefirstsub-
barrier concernstoo high technology costs forinvestment and/or operation of solar/wind power
plants. The most common policy measuresfor addressingthis barrierare various types of subsidies
that compensate part of the costs (including feed-in-tariffs/premiums). Additionally, RD&I funding
can be used to accelerate the cost reductions of solar and wind energy. The second sub-barrier is
too high capital costs either due to the technology perceived as being risky or because investing
inthe country is perceived as risky.” The mostrelevant policy measuresfor addressing this issue are
the provision of cheap loans and/or guarantees to drive down the cost of capital directly.
Alternatively, the risk profile may be reduced for example through a feed-in-tariff/premium which
insulates the project from the risk of market price volatility. A third sub-barrier concerns too low
sales prices for the electricity that is generated. This can be addressed through carbon pricing
which raises the costs of fossil-fuel based power generation and hence increases electricity market
prices'®, and through phasing out fossil fuel-based powerwhich reduces the capacityin the market.
Additionally, flexibility measures such as demand response, storage, power-to-x and
interconnections may increase the average sales prices of solar and wind power due to shifting
demand to times of high generation output. This way, price erosion for intermittent generation is
mitigated.

Issues around insufficient grid capacity are generally caused by high costs and long lead times.
However, the most relevant policy measures and in particular the scope for EU action differ
considerably for onshore and offshore development. Hence, enhancing the onshore andenhandng
the offshore grid are treated as separate sub-issues. The onshore grid needs to be reinforced and
extended to accommodate the increased generation capacity. This issue is primarily domestic in

% |EA (2020) GHG abatement costs for selected measures of the Sustainable Recovery Plan.

°7  Trinomics and Enerdata (2020) - Study on enerqy prices, costs and their impact on industry and households, task 3.
98

A lack of profitability in this discussion should be understood as the case where the Internal Rate of Return (IRR) of the
average renewable energy project (e.g. a solar farm) is not sufficiently high for investors to invest (i.e. below their
‘hurdle rate’), resulting in discontinuing the project.

9 Trinomics, Cambridge Econometrics and E3M (forthcoming) - Study on the Macroeconomics of the Energy Union,
Report on literature review and stakeholder interviews regarding the representation and implications of the financing

challenge.

100 Tax reform may be considered for this purpose as well, but since power generationis already covered by the EU ETS

and currently mostly exempted from fuel taxes, we consider it more logical to focus on the EU ETS as the most
important measure to drive up the costs of fossil fuel use.
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nature with more limited scope for action at EU level ' and is therefore not discussed in detail in
this report. The offshore grid needs to be developed further to accommodate increased offshore
wind capacities in particular and potentially also other offshore renewables. For this issue there is
considerable scope for EU action, for instance through (co-)funding of investments and through
strategy development and target setting.'*

The other non-market barriers that prevent accelerated deployment of solar and wind are not
fundamental in nature and largely a result of a lack of political priority and consequently
insufficient resources assigned to delivering at the speed and capacity required. A key policy
measure to assure sufficient political priority is to assign renewable energy targets with a
governance processthatincentivises delivering per the assigned targets (e.g. by means of binding
targets or political pressure).

3.1.2. Develop and scale-up CCUS for power plants and industry

Carbon capture and utilisation/storage (CCUS) is virtually non-existent currently on a commerdal
basis but is expected to play a significant role in delivering climate neutral electricity and
decarbonising theindustry by 2050. The most importantbarriersfor CCUS deployment are a lack of
profitability and a lack of infrastructure for transporting and storing CO..

The issue of a lack of profitability can be broken down in several sub-barriers. The first sub-barrier
concerns high technology costs for the equipment to capture the CO.and reuse or inject it in the
transportinfrastructure. As the technology is not applied at scale yet, innovation funding is one of
the most relevant policy measures. Additionally, subsidies may be applied for covering the losses in
thefirst wave of operational plants. The second sub-barrierconcernsthe low carbon prices which
at presentstill fail to provide a sufficientincentive for triggering investment in CCUS. Important to
noteis that this primarily concernsthe expected future carbon prices ratherthanthe current prices
asinvestmentsare made for arelatively long time horizon. The third sub-barrier concerns alack of
regulatory pressure which may be applied to force investmentsin CCUS even withouta sufficiently
robust business case. Such regulatory pressure may take a similar shape as what is already
implemented through the industrial emissions directive for emitting various other gases: a ap on
the maximum GHG emissionsallowed perunit of production based on the bestreference technique.

The issue of lacking infrastructure for transport and storage is driven by two sub-barriers. The first
one concerns the lack of profitability of this infrastructure, which can be addressed by (co-)funding
of investments or subsidies. The second sub-barrier concerns public opposition to the
development of storage sites which is of particular importance foronshore storage sites. Addressing
such a barrier is typically a Member State responsibility with limited scope for EU action and is
therefore not discussed in detail in this study.

3.1.3. Accelerate phase out of fossil fuel use for power generation

In the baseline scenario fossil fuels are still used without CCUS for a considerable part of power
generation by 2050, while the climateneutrality scenarios require virtually nofossil fuel use (without
CCUS) for power generation anymore. Hence, the phase out of fossil fuel use for power generation
needs to be accelerated, even though most EU countries already are committed to phasing out coal

19 It should be noted that domestic investments with major impact on neighbouring systems are also reflectedin the

(non-binding) EU-wide ten-year network development plan (TYNDP). Major network investments are hence planned
based on a cost-benefit evaluation from a pan-European perspective. The EU steersthis process, and EU authorities
can influence national investment decisions to some extent through this process.

102 A relevant example of EU strategy development to address this issues is COM(2020) — An EU Strateqy to harness the

potential of offshore renewable enerqgy for a climate neutral future.
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fired power productionby 2030.'® The most importantbarriersforan accelerated phase out of fossil
fuel-based power generation are thatit is often still economical to run fossil-fuel based power
plants and that the available low-carbon electricity generation is insufficient to cover demand.

The issue that running fossil fuel-based power plants is often still economical should not be
confused with fossil fuel-based power plants being profitable, which is often not the case. However,
it may still be economical to run the plant at timeswhen the market price exceeds its variable costs,
even though the price may not be sufficient to recover the fixed costs. The power mix does not
decarbonise at the speed required,due torelatively cheap fossil fuels and low carbon prices. Fossil
fuel prices are primarily driven by the dynamics in the producing countries and the world market
and are therefore mostly not directly under influence of EU policy makers. The carbon price,
however, could be directly influenced by increased carbon pricing through the EU ETS, which is
therefore the mostrelevantpolicy measure to address this challenge.

The second barrier for phasing outfossil fuel-based power fasteris a lack of low-carbon electricity
generation. If insufficient alternative capacity is available, raising carbon prices will primarily lead
to higher consumer prices rather than substitution of fossil fuel-based power. The scale-up of
alternative low-carbon sources is treated in other challenges (e.g. on accelerating solar and wind
deployment)and is therefore not discussed in detail in this section.

3.1.4. Scale up battery storage

Stationary batteries' will play an important role for balancing supply and demand in a climate-
neutral energy system. Current battery capacities are very limited and need to be scaled up
considerably to realisethe climate neutrality scenarioin a cost-effective way. The primary barrier for
scaling up battery storage is a lack of profitability of battery storage installations. For a part this
will improve automatically as price volatility is expected to increase due toincreased penetration of
intermittent electricity sources (solar and wind), creating larger price differences that battery
storage can benefit from. But there are also barriers thatrequire more active involvement of policy
makers, most notably the high costs of batteries. Inappropriate grid tariff principles and energy
taxation rules may also negatively affect the business case of grid connected storage.

The high technology costs can be addressed either by realising cost reductions or by increasing
thetechnological performance of batteries (e.g.reducinglosses). In both cases, RD& funding is one
of the most relevant policy measures, in particular for battery technologies that are not
commercially mature yet. Additionally, subsidies can be applied to accelerate the market uptake,
economies of scale and learning-effects of more mature battery technologies. Finally, target setting
and strategy development can play animportant role by stimulating industrial investments in the
supply chain, as is currently done throughthe EuropeanBattery Alliance.'®

The double application of grid tariffs and energy consumption taxes occurs in some EU
countries when electricity taken off from the grid is stored in batteries and reinjected later in view
of final consumption. These rules constitute a significant penalty for battery storage.’® The most
relevant policy measuresto addressthis are taxreformand redesign of grid tariffs.

103 COM(2020)564 Driving forward the green transition and promoting economic recovery through integrated energy

and climate planning.

104 Batteriesin electric vehiclesare discussed separately as part of the challenge on the electrification of passenger and

light duty road transport.

105 European Battery Alliance.

1% Trinomics (forthcoming) - The role of energy taxation and prices for the clean energy transition in the context of sector

integration and carbon border mechanisms, based on inputs from Acer (2019) — ACER Practice report on transmission
tariff methodologies in Europe, and Artelys, Trinomics and Enerdata (2020) - Study on energy storage — Contribution
to the security of the electricity supply in Europe.
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3.1.5. Scale up low-carbon hydrogen production and power-to-x

Low-carbon hydrogen and synthetic fuels volumes produced via electrolysis are negligible at
present but are expectedto play a centralrole in the future energy system, contributing toflexibility
of electricity demand, decarbonising thegas sector and enabling sector integration at large. Hence,
these technologies need to be scaled up significantly. The primary barriers to this are a lack of
profitability and a lack of accessible dedicated transport and storage infrastructure for
hydrogen.

The lack of profitability is due to high technology costs for installations using power to produce
hydrogen and synthetic fuels (e.g. electrolysers). This can be addressed either by reducing the
technology costs directly, or by improving the conversion efficiency. In both cases, RD& funding is
one of the most relevant instruments. Additionally, subsidies may be considered to support the
scaleup of theindustryand target settingand strategy development can be important to stimulate
investmentsin the sector.Initiativessuch as the Fuel Cells and Hydrogen Joint Undertaking and the
EU Hydrogen Strategy are primary examples of how such strategy development can take place.
Another factorthat negatively affects the profitability of hydrogen production via electrolysis is the
availability of cheap fossil fuels, which makes hydrogen production via steam reforming of natural
gas still more competitive. Carbon pricing and taxreform are the most relevant policy instruments
to address this gap.

The lack of accessible dedicated transport and storage infrastructure for hydrogenis at present
mostly a resultof the low uptake of low-carbon hydrogenvia electrolysis (fossil fuel based hydrogen
is partly produced on-site and transported via private pipelines). However, increased volumes of
low-carbon hydrogen do not automatically trigger sufficient investment in dedicated hydrogen
infrastructure due to a lack of profitability and potential misalignment between the benefits
and the costs for the concerned operators. In both cases, public co-funding of investments and
regulation of investments in and access to transport and storageinfrastructure (that represents a
natural monopoly) are the most relevant policy instruments, for example through InvestEU.
Additionally, EU coordinated infrastructure planning and cost allocation arrangements may be
implemented to addressthisissue.

3.1.6. Promote further cross-border integration of electricity systems and
markets

Further cross-border integration of ‘national’ electricity systems and markets could bring
considerable benefits to the EU and make the transition to a climate neutral energy system more
efficient. The potential for further integration is driven by the fact that the current integrationlevel
is not optimal yet, leaving substantial room for further system and market coupling, and the fact
thatincreasing intermittent capacities (solar and wind) will lead to higher price volatility and hence
price divergence between national/regional markets that can be mitigated through increased
integration. There are two primary barriers to further integration: a lack of interconnection
capacity and sub-optimal use of the available interconnection capacity.

A key reason for the low interconnection level at some EU MS borders is that the benefits of
interconnectors are not always aligned with the costs for deploying those. This can be addressed
through public co-funding of investments through instruments such as InvestEU and the
Connecting EuropeFacility, andthrough EU coordinated infrastructure planning and costallocation
arrangementssuch the ten-year networkdevelopment plansand TEN-E. Another reasonis a lack of
ambition to realise interconnection capacities that are optimal from an EU perspective, taken
into account the broader energy and climate policy objectives. More ambitious and differentiated
targets for interconnection capacities (as opposed to the current target of 15% interconnection
capacity by 2030 that applies to all countries) could be envisaged to address this.
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Sub-optimal use of available interconnection capacity does in several EU MS limit the effective
benefits realised by interconnectorsand therefore also constitutesa barrier to reaping the benefits
of further cross-border integration. Sub-optimal use is largely the result of inadequate capacity
allocation rules and incomplete market coupling which do not proceed at the speed required
due to conflicting national and/or commercial interests. The most relevant policy measure to
address this is to strengthen the governance framework, in particular via Commission regulations
and ACER decisions.

3.1.7. Promote electricity demand response

Demand response can play an important role in making electricity demand more flexible, thereby
accommodatinghighershares of intermittent electricity generationin a cost-effective way. Demand
response could be promoted better by addressing the lack of sufficient financial incentives and
the lack of awareness of energy end-users. Additionally, several system and market design
barriers need addressing.

Animportant reason for the lack of financial incentives is the current design of energy taxes and
grid tariffs, which are mostly based on fixed amounts per unit of energy consumed irrespective of
thetime of use. If taxes and levies would be designed in a way that they fluctuate with the value of
the energy that is consumed, similar to VAT for example, they would amplify the price signal and
increase the potential cost saving of shifting demand to the most favourable time. Taxreform and
implementation of time-of-use grid tariffs are the mostrelevant policy measuresfor addressing this
barrier. Anotherbarrier for demand response is the lack of dynamic retail pricing, in particular for
households and small businesses, which prevents consumers from paying real-time electricity
prices. Without such contracts, consumers are not exposedto the volatility in wholesale prices and
cannot capture the full benefits of demand response.This barrier hasalreadybeen addressed in the
recast Electricity Directive (Art. 11)'”, but large-scale implementation of demand response is still
hindered by limited availability of dynamic price contracts. Moreover, in some EU Member States,
not all households are equipped with smart meters yet, which is a prerequisite for dynamic price
contracts and demand response.

Another barrier forincreased demandresponse is the lack of consumer awareness of the potential
benefits of demand response and the way to realise such benefits. This issue can be addressed
through involvementof aggregators, communication programmes and training initiatives.

The final barrier is a range of system and market design features that do not facilitate demand
responsein an optimal way. This concernsfor instance thelack of enabling rules and instruments
for participation of demand response in ancillary services and intraday/balancing markets and
the lack of standards and data communication protocols for smart appliances'®. Such issues
can be addressed through market regulationand standardisation initiatives, preferably at EU level,
in order to benefit of economies of scale and to lower market entrance barriers for new operators,
e.g.aggregators.

3.1.8. Increase bioenergy supply in a sustainable manner

The climate neutrality scenarios project a growing volume of bioenergy that should be sourced
sustainably (all forms: liquid, gaseous and solid). ‘Sustainable’ in this context refers to those
bioenergy sources that comply with the sustainability criteria set out in the renewable energy
directive."®There are threechallengesfor realising this growth: high costs for sustainable bioenergy

107 Directive (EU) 2019/944 on common rules for the internal market for electricity.

108 Smart appliances are appliances that includes the intelligence and communications to enable automatic or remote

control based on user preferences or external signals from a utility or third party energy service provider.

109 Directive (EU) 2018/2001 on the promotion of the use of energy from renewable sources.
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sources, limited availability of sustainable bioenergy sources, and a potential need to phase out
sources of supply that no longermeet the sustainability criteria.

Sustainable bioenergy sources include a wide array of feedstocks and conversion processes
including various waste streams, non-food crops and more advanced feedstocks such as algae.
Many of these are not competitive at present, either due to low and dispersed volumes (lack of
economies of scale), low conversion efficiencies, high technology costs or cheap prices for
competing, fossil fuels. The most relevant policy measures for addressing this issue include RD&
funding for the more immature technologies and subsidies (e.g. via tenders) for scaling-up of the
most mature technologies. Additionally, carbon pricing could be applied to increase the costs of
competing, fossilenergy sources.

Apart from the cost-competitiveness of the concerned feedstocks, there is also a limit on the
availability of suitable biomass in an absolute sense. Moreover, the available sources have
competing uses including use as animal feed and feedstock / raw material for manufacturing
processes, where biomass may provide a higheraddedvalue. Thisbarrier can be partly alleviated by
improved conversion efficiencies which would enable a higher yield from the available supply, but
is mostly anintrinsic barrier thatcannotbe addressed effectively.

The final barrier to increased bioenergy supply is a potential need to phase-out unsustainable
supply sources. Sustainability criteria forbioenergy have become increasingly stringent and clearly
defined over time, which may mean that part of thecurrent bioenergy supply does not comply with
the criteria any more. As a result, this supply would need to be phased out, which makes it even
more challenging to increase the overall bioenergy supply. This barrier cannot be addressed by
additional policy measuresas the sustainability criterianeed to be respected.

3.1.9. Increase renovation rate of buildings

Realising the climate-neutrality scenarios requires doubling the renovation rate toaccelerate energy
efficiency improvements. We identified three main barriers to increasing the renovation rate: high
upfront costs, long payback periods anda lack of access to capital.

The high upfront costs of renovations constitutean important barrier because building owners are
naturally cautiouswhen spending suchlarge amounts of money even though the business case may
be attractive. One of the most relevant policy measures foraddressingthisissue are subsidies, grants
and tax allowances that reduce the net investment for the building owner. Additionally, energy
performance contracting (EPC) may be applied to outsource the upfrontinvestment. While energy
performance contracting is available in most EU markets, it is applied at a limited scale and would
benefit from policy measures to create a larger market and realise demonstration projects.'® A
relevant policy measure for this is public procurement of EPC services for public buildings.
Furthermore, energy savings obligations imposed on energy suppliers may drive investment with
the help of the supplier.

Renovationscan also have long payback periods which make theinvestment less attractive overall.
Tax reform is one of the most relevant policy measures for addressing this issue, as tax rates and
levies on energy are often too low to stimulate investment in energy efficiency measures such as
building renovation. Alternatively, carbon pricingmay be applied to raise the costs of (fossil) energy.
Additionally, minimum requirements on energy efficiency could be implemented or raised, either
as a minimum energy performance that should be realised when renovating a building (such as
already required by the Energy Performance of Buildings Directive) or that should be met when
selling or renting out a building. This way, the payback period is no longer the leading criterion for

110 JRC (2017) — Energy Service Companies in the EU: Status review and recommendations for further market
development with a focus on Energy Performance Contracting.
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choosing whether or not to renovate and how deep the renovation would be and issues such as
splitincentives between landlords and tenants are addressed. Finally, long payback periods can be
addressed through standardisation measures which make the industry less fragmented and more
efficient overall.

Afinalbarrier to increased renovation rates is a lack of access to capital for certain building owners.
In particular for low-income households this may be an important barrier as there can be little
savings available and financial institutions may be reluctant to provide capital. The most relevant
policy measure for addressing this issue is to make cheap loans available with less stringent
conditions than those applied in the market.

3.1.10. Scale up electrification of building end uses

The climate-neutrality scenariosrequirea substantial degree of electrification of building end-uses.
The most significantnon-electricend-uses are heatingand cookingwhich are commonly performed
with fossilfuel-fired appliances. The key barriers to electrify these uses are high upfront costs, long
payback periods, a lack of awarenessand outdated electricity distribution networks.

High upfront costs are a main barrier for electrifying heating as the installation of a heat pump is
more expensive than a conventional boiler and often requires areplacementof the heat exchangers.
For cooking, electric equipment may be more expensive too, in particular the more efficient
appliances. The most relevant policy measure for addressing this barrieris to subsidise the purchase
costs of heat pumps and electric cooking stoves. Additionally, energy savings obligations imposed
on energy suppliers may driveinvestmentwith the help of the supplier.

Another barrier is the long payback period, which is mainly due to the high price of electricity
(which internalises the GHG emission cost) compared to fossil fuels (which are in several EU MS not
yet subject to carbon taxes). A relevant policy measure foraddressing this issue is energy taxreform,
lowering the surchargeson electricity and/orincreasing the levies on fossil fuels. Alternatively (and
preferably), carbon pricing may be extended to fossil fuel use in buildings.

A lack of public awareness on the available technologies, subsidies and associated benefits may
also constitute a barrier for (parts of) certain end-user groups. This could be addressed through
communication (e.g.on labelling) and education programmes.

Finally, a lack of grid capacity may constitute a barrier to quick electrification of end uses. In
particular when whole districts switch to electrical heating the grid capacity may be exceeded.
Addressing thisissue is a Member State responsibility with little scope for EU action and is therefore
notdiscussed in detailin this study.

3.1.11. Accelerate implementation of carbon-neutral technology in
industrial processes

Theimplementation of carbon-neutral technologies in industrial processes needs to be accelerated
to transition to carbon-neutral manufacturing in time. A specific characteristic of this challenge is
that the solutions for low-carbon production are not always fully clear yet and several options are
still under development. Hence, one of the barriers is the low technology readiness level of carbon-
neutral solutions. Another barrier is the lack of competitiveness of low carbon solutions versus
conventionalfossilfuel-based manufacturing processes. Finally, the risk of carbon leakage needs to
be mitigated to avoid industryrelocatingrather thanactually reducing its emissions.

The low technology readiness of potential solutions for carbon-neutral manufacturing requires
further research anddevelopmentas wellas demonstration projects to test thesolutionsin practice
and at scale. Increased RD&lI cross-border cooperation and co-funding is the most relevant policy
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measure for addressing this challenge. Horizon Europe is obviously relevantbut alsothe Innovation
Fundis highly relevant as it targets low-carbon manufacturingdirectly.

The solutions for carbon-neutral manufacturing that are market ready often suffer from a lack of
competitiveness versus traditional manufacturing technologies. This issue can be addressed
through arange of policy measures, including subsidies, carbon pricing and tax reform to shift the
cost comparison in favour of the low-carbon solutions. Additionally, maximum carbon emission
levels may be imposed on manufacturing, similar to what is already in place through the Industrial
Emissions Directive for several other emissions. This way, production processes with high carbon
emissions are effectively banned, thereby reducing the relevance of a lack of competitiveness for
low-carbon production processes.

The final barrier for implementing carbon-neutral technology is the risk of carbon leakage. If
efforts to push carbon-neutral manufacturing technologies result in industry moving to locations
with lower pressure toreduce emissions, emissions are not actually reducedbut only relocated. One
of the most relevant policy measures for addressing this issue is to implement the carbon border
adjustment mechanism that is currently designed within the context of the EU Green Deal.
Additionally, exemptionsand compensation for industry may be applied, such as the free emission
allowances thatare currently in place for emissions governed by the EU ETS.

3.1.12. Accelerate electrification of passengerand light duty vehicles

Based on thelatesttrends and projectionsoutlined in the previous chapter, it seems mostlikely that
electrification will be the main pathway for decarbonisingpassengerand light duty vehicles. Other
pathways, in particular fuel cell vehicles using hydrogen, might be relevant for specific sub-
segments. There are three main barriers to accelerated uptake of electric vehicles. First, the initial
purchase cost is often considerably higher than for conventional vehicles. Secondly, thereis a lack
of public awareness on fuel economy and CO, emissions. Thirdly, a lack of charging infrastructure
can constitute a barrier in certain regions.

The higher initial purchase costs for electric vehicles are an important barrier because it requires
more access to capital as well as a willingness to make a relatively high initialinvestment. The most
relevant policy instrumentfor addressing this aresubsidies,including taxallowances to compensate
part of theinvestment.

The lack of public awareness on fuel economy and CO.emissions of vehicles concerns the lack
of understanding of end-userson whether ornot electric vehicles are more expensiveand polluting
over their lifetime than conventional vehicles. This comparison is highly dependent on the specific
vehicles that are compared and where they are used, which influences energy prices, taxrates and
the emissions factor of the electricity consumed. The most relevant policy measures for addressing
this barrier are labelling and communication and training.

Thefinalbarrier concerns thelack of charging infrastructure in most countriesand regionsas well
as a lack of interoperability across the EU. This is best addressed with target setting for the roll-out
of publiccharging infrastructure, supported by co-funding ofinvestments or subsidies and technical
standardsto ensure interoperability of systems and equipment.

3.1.13. Develop and implement carbon neutral options for heavy duty road
transport, navigation and aviation

The pathway for decarbonising heavy duty road transport, navigationand aviation is less clear-cut.
Solutions may include hydrogen, synthetic fuels, biofuels and potentially some electrification, but it
is not clear which solution will be preferred for which application. Hence, the first barrier to
decarbonise these transport modes is the lack of market-ready zero-emission technologies. A
second barrier is a lack of regulatory pressure to decarbonise these transport modes, as fuels are
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often exempted from taxes and emission standards are non-existent. The final barrier is a potential
lack of refuelling infrastructureand equipment, depending on the solution chosen.

The lack of market-ready zero-emission technologies includes two sub-barriers. First, the
investment required for research and development of these technologies is high and should
preferably be coordinated acrossthe EU. RD&I cooperation and funding through instruments such
as Horizon Europe is the most relevant policy instrument to target this issue. Secondly, there is
uncertainty regarding the most adequate solution for decarbonisation, with several technologies
that could be considered. This issue can be targeted through EU coordinated RD&l priority setting,
forexample through an EU Technology and Innovation Platform (ETIP).

The lack of regulatory pressure applies primarily to aviation and maritime transport and is
particularly relevantdue to the long life cycles of aircrafts and vessels. We identified two sub-issues.
First, fossil fuels are generally exempt from taxes for navigation and aviation, which does not
incentivise the transition to lower carbon transport equipment. This could be addressed through
taxreform and carbon pricing, includingthe extension of the EU-ETS to othertransportmodes than
intra-EU aviation (intra-EU aviation is already in scope of the EU ETS). Secondly, there is a lack of
emission standards forexisting and new fleet which does not incentivise the uptake of lower carbon
aircrafts and vessels. Theintroduction of emission standards for aviation and navigation, similar to
those applied for road transport, could be a relevant measure to address this issue. Additionally,
targets could be introduced to reduce the carbonintensity of the existing fleet.

The final issue is the lack of refuelling infrastructure and equipment, which would be costly to
implement/adaptat existing airportsand harbours as well as along highways. Coordinated planning
and public co-funding of investments (e.g. through InvestEU), incentives, as well as target setting
and strategy development maybe applied to address thisissue.

3.2. Estimating the appropriatelevel of publicintervention

In this section we define the main policy measures in more detail, summarise their relevance per
challenge and identify the most relevant EU instruments that are available. Based on this
assessment, we draw conclusions on the most appropriate level of public intervention (EU, MS, or
jointly). As the policy measures where the primary action resides with the EU are most relevant for
assessing the cost of non-Europe, wefirst discuss those, followed by policy measures with joint EU-
MS action and measureswith primaryaction residing at Member State level.

3.2.1. EU primary action

Carbon pricing

Carbon pricing concernsassigning a costto GHG emissions and can be implementedeither through
a cap-and-trade system or through a carbon tax. Additionally, GHG emissions of imported goods
can be priced through a carbon border adjustment mechanism, if no sufficient pricing is applied in
the country of origin.

Carbon pricing is relevant for many challenges as it improves the business case of low-carbon
technologies versus fossil fuel-based technologies and improves the payback period of energy
efficiency investments(Table 3-1). The key EU instrument in this regardis the EU Emissions Trading
System (EU ETS) which may be extended in scopetoinclude buildings and transport. Additionally,
the Carbon Border Adjustment Mechanism could playan importantrole in assuring effective carbon
pricing, although the design and application of it are still very uncertain at the time of writing.

As both the EU ETS and the Carbon Border Adjustment Mechanism are EU driven, we consider
carbon pricing an instrument where intervention at EU level is most appropriate and categorise it
as ‘EU primary action’.
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Table 3-1: Relevance of carbon pricing per challenge

Improves competitiveness of renewable energy versus

1. Accelerate solarand wind : -
conventional electricity

2.CCUSfor power plants and industry Improves profitability of CCUS

3. Phase outfossil fuel use for power Decreases profitability of fossil power generation

5. Hydrogen and power-to-x ?Cc[Je:Sases costs of fossil fuel-based hydrogen without
8. Sustainable bioenergy supply Improves sales prices

9. Building renovation Reduces payback period of investments

10. Electrification of building end uses Reduces payback period of investments

11. Carbon-neutral industrial processes Improves competitiveness of low-carbon processes

12. Electrifying passenger and light duty vehicles N/A™

13. Carbon neutral heavy duty transport,

. . Improves pressure to develop carbon-neutral options
navigation and aviation

Source: own elaboration.

Energy markets design and regulation

The design of the EU electricity and gas markets and the national regulationsthat governthem can
constitute a barrierfor addressingthe key challenges of the energy transition. Examplesinclude the
actual rules for participation in national markets for ancillary services and short-term electricity
products thatmay not incentivise demand response and battery storage,and the lack of full market
coupling which may provide a barrier to optimal trade and price formation (see Table 3-2 for the
relevance across all challenges).

The EU policies and institutions (including ACER) play a key rolein the design of the principles and
rules for the EU energy markets’ functioning through several regulations, directives, network codes
and guidelines, while the actualimplementationis delegated to national authorities and operators.
In some cases, barriers may exist due to specific Member State interests that are not aligned with
overall EU interests; in those cases, EU involvement is required to mediate. Hence, we classify this
instrumentas 'EU primaryaction’.

"' Intheory carbon pricing may be applied for this challenge too, but in practice taxes on gasoline and diesel are already

higher than the carbon price and the externalityistherefore already pricedin, reducing the need for carbon pricing
to address thisissue.
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Table 3-2: Relevance of market design and market regulation per challenge

Enabling rules for participation of battery storage

4. Battery storage .
y 9 in markets

Regulation for transport and storage

5. Hydrogen and power-to-x . .
ydrog P infrastructure and cost allocation

Strengthened governance to accelerate market

6. Electricity systems/markets -
coupling

Entitlement to dynamic pricing contracts
7.Demand response . S .
Enabling rules for participation of DR in markets

Source: own elaboration.

Technical standards and minimum energy performance requirements

Standards and minimumrequirements can be applied to raise the minimum performance levels in
line with the policy objectives, for instance by imposing minimum energy efficiency performance
levels for new equipment or renovations. Such measures are particularly relevant for end-use
equipment (vehicles, appliances, buildings) asindicated by the relevance per challengein Table 3-3
below.

There are many relevant EU instruments in this regard, including the Energy Efficiency Directive
(EED), Energy Performance of Buildings Directive, Ecodesign Directive, Energy Labelling Regulation,
the Industrial Emissions Directive and the Alternative Fuel Infrastructure Directive. This makes sense
as suchregulation is most effectiveiifit is applied consistently across the EU. Hence, we classify this
instrumentas 'EU primaryaction’.

Table 3-3: Relevance of standards and minimum requirements per challenge

2.CCUSfor power plants and industry Maximum emission regulation

Standards communication protocols for smart

7.Demand response .
appliances

Minimum energy efficiency requirements
9. Building renovation Standardisation to address industry fragmentation
Energy savings obligations

10. Electrification of building end uses Energy savings obligations
11. Carbon-neutral industrial processes Emission standards

Product labelling for vehicles

12. Electrifying passenger and light duty vehicles
cirilying passengerand light duty vehic Technical standards for charging infrastructure

13. Carbon neutral heavy duty transport, navigation

. GHG emission standards for new fleet
and aviation

Source: own elaboration.

Energy strategy development, infrastructure planning and target setting

Strategy development, infrastructure planningand target settingconcernthe developmentoflong
term plans and ambitionsthat direct policy development andlong-term investment. The EU has put
in place many instruments over time including the renewable energy, energy efficiency and
greenhouse gas emission reduction targets, infrastructure planning via the TEN-E projects of
common interest and ten-year network development plans for electricity and gas networks, the
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offshore renewable energy strategy, the hydrogen strategyas well as the European Battery Alliance
andthe Fuel Cells and Hydrogen Joint Undertaking (see Table 3-4 for more examples). Additionally,
the option to supportindustrial projects of strategicimportance as a ‘project of common European
interest (IPCEI)’ has gained increased attention in recent years and could be very relevant for
addressing the challenges for the energy transition. Two such IPCEIs have been approved for the
battery value chain in recent years. Similar IPCEls could be envisaged for the challenges related to
scaling up hydrogen production, power-to-X,and CCUS for instance.

Those strategies, plans and targets need to be regularly adapted though and there is scope for
additional strategies and targets, for example for increased electricity interconnection levels
(beyond the current 15 % target) and for reducing the carbon intensity of heavy duty transport,
necessitating the need for further EU action. Member States have many complementary strategies
too, which together contribute to a clear signalto the market.

In terms of the most appropriate level of intervention we consider this an ‘EU primary action’
instrumentas for many of those challengesit is importantto move forward collectively.

Table 3-4: Relevance of strategy developmentand target setting per challenge

) Renewable energy target setting
1. Accelerate solarand wind ) . .
EU-wide planning of grid developments

Battery capacity target setting and strategy

4. Battery storage formation

Hydrogen capacity target setting and strategy
5. Hydrogen and power-to-x formation
EU coordinated infrastructure planning

Increasing the ambition level for optimal
6. Electricity systems/markets interconnection capacities
EU coordinated infrastructure planning

9. Building renovation (Renovation wave)
12. Electrifying passenger and light duty vehicles Targets for roll-out of charging infrastructure

o Targets to reduce carbon intensity of fleet
13. Carbon neutral heavy duty transport, navigation

) e Strategy for roll-out of EU-wide refuelling

infrastructure

Source: own elaboration.

3.2.2. EU-Member Statejoint action and cooperation

Co-funding of energy-related investments

Co-funding concerns investment of publicfunds in projects with an active role of the government
in shaping and selecting the investments needed. It is different from subsidies due to this activerole
in shaping the investment, whereas subsidies are providedto projects developed by marketactors
if they comply with certain conditions.

Co-funding is most relevant for challenges that require the development of public infrastructure,
that can be used by multiple market parties via Third Party Access regulation, as summarised in
Table 3-5 below. A key EU instrumentin this regardis NextGenerationEU which includes particularly
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large funds available for its Recovery and Resilience Facility (€672.5 Billion in loans and grants)''? of
which at least 30% most go towards climate-related projects. Member States are encouraged to
submit proposals for investments in seven flagship areas of which three are related to the energy
sector (power up, renovate, recharge and refuel).'® Additionally, significant funds are available
through InvestEU which is the successorof the European Fund for Strategic Investments (EFSI), and
includes several other funds such as the Connecting Europe Facility (CEF), which has a budgetline
specifically for energy infrastructure, and several other instruments.'* Such investments may also
be co-funded throughseveral nationalinstruments.

In terms of the most appropriate level of intervention we considerthis an area where there s a fairly
equal level of influence for the EU and Member States so we qualify it as ‘EU-Member State joint
action and cooperation’.

Table 3-5: Relevance of co-funding perchallenge

1. Accelerate solarand wind Electricity grid development

2.CCUSfor power plants and industry CO, transport and storage infrastructure

5. Hydrogen and power-to-x Hydrogen transport and storage infrastructure
Interconnectors (in particular co-funding of PCls by

6. Electricity systems/markets EU instruments or by neighbouring countries via
CBCA procedures)

9. Building renovation Public procurement of EPC contracts

12. Electrifying passenger and light duty vehicles Charginginfrastructure

13. Carbon neutral heavy duty transport, navigation

o Refuelling infrastructure
and aviation

Source: own elaboration.

Subsidies for energy assets

Subsidies concern compensation of costs or additional revenues to trigger private investment
and/or continued operations of private equipment. Subsidies may compensate part of the
investment or may provide additional revenue overthelifetime of the assetand can be designed in
a way that also reduces exposure to marketrisks.'"

Subsidies could be relevant for several challenges which require the deployment of technologies
that are not commercially viable under the current market conditions (Table 3-6). Subsidies have
mainly been a Member State responsibility althoughsome EU instruments exist that also providea
subsidy, such as therecently introduced EU Renewable Energy Financing Mechanism. A shift from
national schemesto EU wide subsidy measures could be beneficial as it can result in lower costs (eg.
by awarding subsidies to the lowest cost renewable energy projects across the EU) and prevents

112 Recovery plan for Europe

13 https://ec.europa.eu/commission/presscorner/detail/en/ganda 21 1870
114 About the InvestEU Fund

5 Inthe energy production sector, subsidies are generally designed as an additional revenue stream through a feed-in-
tariff/premium and are commonly financed through a levy on energy consumption. For the purpose of this report,
we do not distinguish between different designs and approaches to financing though, as thiswould be beyond the
scope of this study and does not materially affect the finding that the business case needsto be improved to trigger
investments.
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market distortion in the increasingly interconnected EU energy markets. It would also ensure a level
playing field between MS, thus allowing EU businesses to fully benefit from the economic
development potential offered by the Single Market and by the EMU. Furthermore, national
subsidies may be driven by overarching EU regulationsuch as the Renewable Energy Directive and
need to comply with the EU Guidelines on State aid for environmental protection and energy.
Therefore, we classify this instrumentas ‘EU-Member State joint action and cooperation’.

Table 3-6: Relevance of subsidies per challenge

1. Accelerate solar and wind Renewable energy projects

CCUSinstallations in industry and at power plants
2.CCUSfor power plants and industry
CO; transport and storage infrastructure

4. Battery storage Battery storage facilities

5. Hydrogen and power-to-x Hydrogen production and storage facilities

8. Sustainable bioenergy supply Bioenergy production sites

9. Building renovation Grants/tax allowances for building owners

10. Electrification of building end uses Grants/tax allowances for new electric equipment

Carbon-neutral production processes and

11. Carbon-neutral industrial processes .
equipment

Tax allowances for electric vehicles
12. Electrifying passenger and light duty vehicles
Charginginfrastructure

13. Carbon neutral heavy duty transport, navigation

o Refuelling infrastructure
and aviation

Source: own elaboration.

Loans and guarantees to finance investments in energy assets

Loans and guaranteesconcern theprovision of government-backed loans at better conditions than
what is available in the market and the provision of guaranteesthat enable market playersto benefit
of better conditions. This way, the cost of capital is decreased and access to capital is facilitated,
enabling moreinvestmentsto proceed.

The provision of loans and guarantees is particularly relevant in case upfront investment costs are
high and the investing parties do not have enough access to capital or if conditions are not
favourable.Renewable energy projectsin countries with higher cost of capital are a prime example
of where this may be relevant. Additionally, facilitating access to capital to home owners for building
renovations can play an importantrole. Furthermore, reducing cost of capital would be beneficial
for many other challenges that require significant upfront investment, such as power-to-x plants
and battery storage facilities, even though it is not identified as one of the key barriers for these
challenges.Key EUinstrumentsin this regardare InvestEU and the EU Renewable Energy Finandng
Mechanism. Additionally, EU initiatives such as the EU taxonomy for sustainable activities ''® can

116 EU taxonomy for sustainable investments
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result in better access to capital and more favourable financing conditions for the investments
required to fulfilthe energy transition. Many instruments are available at Member State level too.

In terms of the most appropriate level of intervention we considerthis an area where there s a fairly
equal level of influence for the EU and Member States so we qualify it as ‘EU-Member State joint
action and cooperation’.

Table 3-7: Relevance of loans and guarantees per challenge

1. Accelerate solarand wind Financing riskier RES projects

9. Building renovation Financing building renovation
Source: own elaboration.

Energy related RD&I funding

Research, Development and Innovation (RD&I) funding targets technologies that are not
technologically or commerciallymature yet and includesfunding forearly stage R&D as well as more
advanced stages, including demonstration projects. The public funding complements private
funding to accelerate the development of technologies that are too resource-intensive or risky to
be developed by the private sectoralone. Fundingmay eithertarget technology cost reductions or
performanceimprovements, bothleading to cost reductions per unit of output.

RD&l fundingis particularly relevantfor technologies that are not technologically mature yet or that
require further cost reductions to compete with conventional technologies. Additionally, publidy
funded projects may be important for directing the future research agenda for public and private
actors.Table 3-8 summarisesthe relevance per challenge.

Key EU instrumentsin this regard include Horizon Europe, the Innovation Fund and InnovFin Energy
Demonstration Projects. Additionally, significant fundingis available at Member State level.

In terms of the most appropriate level of intervention we considerthis an area where there is a fairly
equal level of influence for the EU and Member States so we qualify it as ‘EU-Member State joint
action and cooperation’.

Table 3-8: Relevance of RD&I funding perchallenge

1. Accelerate solarand wind Reduce solarand wind technology costs

Reduce CCUS technology costs and demonstrate

2.CCUSfor power plants and industry —
4. Battery storage Reduce battery technology costs

5. Hydrogen and power-to-x Reduce power-to-xtechnology costs and
demonstrate atscale

8. Sustainable bioenergy supply Reduce bioenergy technology costs

11. Carbon-neutral industrial processes Develop competitive carbon neutral options

13. Carbon neutral heavy duty transport, navigation Develop carbon neutral options, inform
and aviation development trajectory

Source: own elaboration.
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Reform of energy taxes and levies/charges

This policy measure includes changing taxratesand other charges or levies in order to better align
theincentives provided by the taxation and charging system with the policy objectives. It can take
many shapes including aligningtaxratesto the carbon impact of the energy consumption in which
caseitfulfils a similar role as carbon pricing, changing taxbasesand taxable eventsto avoiddouble
taxation (e.g. for battery storage), and changing grid charging rules as well as promoting dynamic
energy pricing to better passon price signals (e.g. to incentivise demand response).'"” The relevance
of this measure for specific challenges is summarised in Table 3-9.

The EU’s primary instrumentto influence taxrates is the Energy Taxation Directive (ETD) which sets
out minimum taxratesamong many other provisions. The ETD is under revisionas partof the ‘fit for
55 %' package to better align it with climate and energy goals. Still, taxation is largely a Member
State responsibility as at present, EU legislation only sets harmonised minimum rates in view of
avoiding market distortions and the requirement for unanimity by MS has been an obstacle to
deliver ambitious reform. Principles regarding other energy charges and levies are also primarily
determined by Member States. Therefore, we classify this instrument as ‘EU-Member State joint
action and cooperation’.

Table 3-9: Relevance of tax reform per challenge

4. Battery storage Eliminate double taxation and grid charges
5. Hydrogen and power-to-x Increases costs of fossil fuel based hydrogen

Time-of-use electricity grid tariffs and dynamic

7.Demand response oo . .
retail pricing to improve business case

9. Building renovation Reduces payback period of investments
10. Electrification of building end uses Reduces payback period of investments

Improves competitiveness of low-carbon

11. Carbon-neutral industrial processes
processes

13. Carbon neutral heavy duty transport, navigation Improves pressure to develop carbon-neutral
and aviation options

Source: own elaboration.

Communication and training on energy

Communication and training are mostly used for addressing barriers related to a lack of consumer
awareness (mainly for households and SMEs). Examples include a lack of awareness of energy
savings, payback periods and the technological optionsavailable in the market. This is particularly
relevant for challenges such as building renovation, demand response and electrification of
passenger transport (see Table 3-10).

Several EU initiatives aim at increasing consumer awareness such as legal requirements on energy
suppliers to provide end-users with detailed information on their energy consumption and to
disclose the energysources. EU led energylabelling schemes of appliances and equipmentalsoraise
consumers' awareness. Furthermore, there is some scope for EU involvement through
communication and training projects co-funded via Horizon Europe for instance. Therefore, we
classify this instrument as ‘EU-Member State joint action and cooperation’.

17 Tax allowances are not treated as tax reform as those function similar to subsidies and are included under that section.

56



Annex: Cost of non-Europe in the area of energy

Table 3-10:Relevance of communicationand training per challenge

7.Demand response Lack of awareness on benefits of DR
10. Electrification of building end uses Lack of awareness on benefits of electrification

Lack of awareness on energy economy and CO,

12. Electrifying passenger and light duty vehicles ermissions

Source: own elaboration.

3.2.3. Member State primary action

Bans on specific energy vectors/technologies/applications

An effective measure to phase out high emission energy vectors, technologies and applications is
to ban investing in or using them. This could be relevant for instance for phasing out fossil-fired
power plants (e.g. legal ban on investments in coal fired plants), fossil fuel based heating (ban to
install such installations in new or renovated buildings) and fossil fuelled internal combustion
enginevehicles. We haven'tidentified banning any of those as a key policy instrumenthowever, as
we expect other policy instruments such as carbon pricing and emission standards to be sufficiently
effective for realising this. Additionally, such measures would be largely Member Statedriven as the
EU does not have alegal basis to ban particular vectors (MS primaryaction) andwould therefore be
oflesserinterestin the context of this study.

Table 3-11:Relevance of standards and minimum requirements per challenge

3. Phase outfossil fuel use for power (ban on investmentin fossil power generation)

(ban on selling/using fossil fuelled internal

12. Electrifying passenger and light duty vehicles LR e R e e )

Source: own elaboration.

3.3. Modelling of policy package to evaluate the cost of non-
Europe

In this section we convert the relevant policies identified in the previous section to a policy package
that can be evaluated with the macroeconomic model E3ME. This policy package includes a mix of
EU and Member State-driven measures that collectively reach the climate neutrality ambitions.
Throughout this report, we refer to this policy package as the ‘net zero scenario’. Additionally, we
design variants to this policy package which omit the main EU-driven policies and will be used to
isolate the added value of EU action or conversely, the cost of non-Europe. The impact of the net
zero scenario and the variants that are evaluated through the E3SME model are discussed in the next
chapter.

3.3.1. About the E3ME model

Cambridge Econometrics’ E3ME model is a computer-based model of the world’s economic and
energy systems and the environment. It was originally developed through the European
Commission’s research framework programmes and is now widely used in Europe and beyond for
policy assessment. The model manual (Cambridge Econometrics, 2019) is available online at the
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model website www.e3me.com '8, A short description of the modelis provided in this section and
the modelis also described in Appendix A,

The E3ME model provides an economic accounting framework that can be used to evaluate the
effects of the implementation of policies that deliver full decarbonisation of energy consumption
on the wider economy. Behavioural relationships in the model are estimated using econometric
time-series analysis based on a database thatcovers the period since 1970 annually. A core feature
of the model is its treatment of technology, which will be key to meeting many of the policy
challenges including full decarbonisation. The Future Technology Transformation (FTT) models of
technology diffusion™ in E3ME provide a representation of the adoption of new low carbon
technologies. E3ME extends its treatment of the economy to cover physical measures of energy,
food and material consumption. The main source of data for Europe is Eurostat.

The E3ME model baseline includes preliminary COVID impacts (2020 only) based on official
projections from DG ECFIN, IMF and the World Bank, the latest renewables cost assumptions from
the IEA, and current policies prior to the pandemic (DG Energy and IEA’s World Energy Outlooks).
The GHG emissions profile in the E3ME baseline is similar to the baseline (BSL) used in the Impact
Assessment accompanying the ClimateTargetPlan'?'.

3.3.2. Description of the Net Zero scenario

For the Net Zero scenario, a combination of climate and energy policies is used to achieve climate-
neutrality by 2050in a way consistent with the aims of the EU Green Deal. These policies, and how
they will be implemented as modelling assumptions within E3ME, are outlined in this section.

The package of policies described represents those that will be included in the net zero scenario.
Variants of this package will be run excluding aspects of the policy regime to assess the importance
and contribution of specific policy measures decided at EU level towards achievingnet-zero carbon
emissions by 2050.

Table 3-12: Summary of main assumptions

Policy/assumption 2030 2050

ETS price increase by
o .

ETS EU 20 A:fromvaluesu.sedln Continue toincrease
the 55% scenario of

Climate TargetPlan

EU (if implemented as All non-ETS sectors

Carbon tax extension to EU ETS) (same ETS price) Continue toincrease
Coal phase out Phase out of other fossil
Coal phase out MS consistent with = fuels in power plants by

announced national = 2050 unless connected
polices and 2030 toCCS

118 A direct link to the manual is here: https://www.e3me.com/wp-content/uploads/2019/09/E3ME-Technical-Manu al -
v6.1-onlineSML.pdf.

119 The full list of equations are also available in Mercure, J-F, H Pollitt, NR Edwards, PB Holden, U Chewpreecha, P Salas,
A Lam, F Knobloch and JE Vinuales (2018) ‘Environmental impact assessment for climate change policy with the
simulation-based integrated assessment model E3ME-FTT-GENIE, Energy Strategy Reviews, Volume 20, April 2018,
pp 195-208.

120 Mercure, J-F (2012) FTT:Power : A global model of the power sector with induced technological change and natural
resource depletion’, Energy Policy,Volume 48, September 2012, pp 799-811.

121 SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).

58


https://www.e3me.com/wp-content/uploads/2019/09/E3ME-Technical-Manual-v6.1-onlineSML.pdf
https://www.e3me.com/wp-content/uploads/2019/09/E3ME-Technical-Manual-v6.1-onlineSML.pdf
https://eur-lex.europa.eu/resource.html?uri=cellar:749e04bb-f8c5-11ea-991b-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:749e04bb-f8c5-11ea-991b-01aa75ed71a1.0001.02/DOC_1&format=PDF

Annex: Cost of non-Europe in the area of energy

Nuclear phase outin

some MS s
Feed-in-premiums EU-MS
Steel EU-MS
!Energy efficiency EU-MS
investment

Fossil fuel boiler MS

regulation

Ban on fossil fuelled
internal combustion MS
engines (ICEs)

Electric passengers’

vehicles subsidies IS
Loans and guarantees

to finance investments  EU-MS
in energy assets

Rest of the world NA
Balancing public NA

revenue

Source: Cambridge Econometrics.

regulations for MS with
no planned regulations
(except Poland), unless

connectedto CCS
Announced national
policies

Wind and solar subsidies
at 30 % of investment
costs

Small regulation of blast
furnace  (switch to
recycled steel)

Increase investment by
20 % from values used in

MIX55  scenario of
Climate TargetPlan
Announced national
policies

Announced national
policies

EV investment subsidies
starting from €2 000 per
vehicle

Lower discount rate for
renewable technologies
to 7 % (from 10 %)

Business as usual

Public revenue
neutrality, i.e. additional
revenuesare recycled

Greenhouse Gases Emissions Allowances Price
The Emissions Trading System (ETS) coversthe following sectors in the E3ME model:

e powerand transformation
e restofenergybranch

e ronandsteel

e non-ferrousmetals

e chemicals

e non-metallicminerals

e paperandpulp

e otherindustry

e commercial aviation within the EEC.

Wind, solar, bioenergy,
and CCS technology
subsidies at 30 % of
investment costs

Investment subsidies for
CCS-complemented
steel production

Increase investment by
20% from values usedin
MIX55  scenario  of
Climate TargetPlan

Ban of fossil fuel boiler

All EU MS ban new fossil
fuelled cars from 2030

Lower discount rate for
renewable technologies
to 7 % (from 10 %)

Business as usual

Public revenue
neutrality, i.e. additional
revenuesare recycled
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ETS prices are based on those estimated necessaryfor achieving a 55 % emission reduction in 2030
from the PRIMES model’'s COMBS55 scenario prepared for the Climate Target Plan 2. In the E3ME net
zero scenario, these prices are scaled upwards by 20 % to reflect the need for more ambitious carbon
emissions reductionsto reach a pathway to achievenet zero by 2050.

Table 3-13:Carbon pricesassumptionsfor the 2021-50 period

_ 2020 2025 2030 2035 2040 2045 2050

Emissions Allowance Price
(2018 euro/ tCO,)

Source: Based on PRIMES COMB55 scenarioprepared for SWD(2020) 176 final,increased by 20 %.

The ETS price is one of the major policy measures that will help ETS sectors to decarbonise. We
assume that ETS auctioning generates revenues to national governments in order to co-fund other
policies.

Carbon pricing at EU level

Applying a carbon price to non-ETS sectors is equivalent to extending the ETS to other sectors, for a
given carbon price. Therefore, the results can be interpreted as the impact of extending the ETS.
Carbon prices are applied to the following non-ETS sectors:

e agriculture, forestry

e fishing

® non-energy mining;

» food,drink,andtobacco

e textiles, clothing, and footwear
e engineering

e construction

e roadtransport

e railtransport

e othertransportservices

¢ households

e commerceand otherfinaluse.

Fornon-ETS sectors, the carbontaxis assumedto be equalto the ETS price. The prices in Table 3.13
are introduced as a carbon price in the non-ETS sectors. This policy choice allows the same cost
liability to be applied to sectors that might be administratively difficult to bring into the ETS.
Similarly to the ETS (when allowances are auctioned), the carbon price generates revenues for
national governments and is supplemented by other policies (energy efficiency, ban on fossil fuel
ICEs, etc.) to accelerate decarbonisation in the non-ETS sectors. As shown in Cambridge
Econometrics (2020)'%, a carbon price has a limited effect on decarbonisation certain sectors such
as road transport and buildings, therefore energy efficiency, subsidies and other regulations are
required to meet the target.

Figure 3-1 shows howthe changes in the carbon priceimpact the wider economy within the E3ME
framework. The figure shows the channel of transmission of implementing this policy
independently of the implementation of other policies described in this section.

122 SWD(2020)176 final - Impact Assessment accompanying the document ‘Stepping up Europe’s 2030 climate ambition’
(Climate Target Plan).

123 Cambridge Econometrics. (2020). Decarbonising European transport and heating fuels - Is the EU ETS the right tool?,

Decarbonising European transport and heating fuels - Is the EU ETS the right tool? (camecon.com).
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Figure 3-1:Macroeconomic effect of extension of ETS and carbon tax

0
Carbon price/ ETS High caroon &
price content fuels 9
\L 3
. . 0
CO2 emissions =
Consumer  <—— Industry prices*”
™ prices
% Average consumer International
g prices * trade
e Real incomes
(7]
g Consumption**———— Industry output™ «— Investment & innovation
.8 ‘L "y region
. Employment** by incustry &region

*** by product & region

Source: E3ME, Cambridge Econometrics.

The increase in carbon prices will lead to an increase in both consumer and industrial prices.
Increases in consumer prices in turn leadto lowerdisposable incomes, which lead tolower spending
on goods and services and demand for industrial output. Increases in industrial prices worsen EU
competitiveness and demand for industrial output. Lower aggregate demand leads to lower
employment which in turn affects disposableincome.

On the environment side, an increase in carbon prices will lead to lower demand on high carbon
content products which in turn will reduce CO, emissions. Member States that rely on energy
imports may see improvements to their trade balance. A tax on carbon intensive fuels can also
encourage new investment in renewable energy (as shown in the diagram) because the ETS price
creates a signal for firms to switch (or re-orient investment) to the new technologies, through
anticipated replacement of current equipment.

The increase in carbon prices has a two-fold effect on investment decisions: additional net
investment (includingthe reduction in energy andenergy mining sector investment) is created; and
investment is re-oriented towards technology that reduces emission levels. Moreover, in the
absence of ETS, coal plants would remain competitive for power generation and thus green
technologies would not have the same level of investmentand take up.

Therevenues from ETS auctioning are usedto pay for other low carbon policies (e.g. at least 50% of
auctioning revenues or the equivalent in financial value should be used by Member States for
climate and energy-related purposes'®) and to reduce other taxes.Without ETS revenues the other
policies’ costs would lead to increases in other taxes which would lead to negative effects on the
rest of EU economy.

124 Auctioning | Climate Action (europa.eu).
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Coal Phase Out for Electricity Generation
This policy is implemented in the period 2022-2050, as follows:

e From 2022to 2030: Phase out of coal for power generation consistent with
announced national polices.

Table 3-14: Announced national policies for phase out of coal for power generation by 2030

2020 Austria; Sweden

2021 Portugal

2022 France

2023 Slovakia

2025 Ireland; Italy

2028 Greece

2030 Finland; Hungary; Netherlands; Denmark; Spain
2038 Germany

Considering Czechia; Slovenia

No phase outcommitment Bulgaria; Croatia; Poland; Romania

No coal in powergeneration Estonia; Latvia; Lithuania; Belgium; Malta; Luxembourg; Cyprus

Source: Cambridge Econometrics.

e From 2031to 2050: Reducing coalfired electricity generation > to zero is imperative
for achieving net zero GHG emissions by 2050. Therefore, itis assumed that Member
States without commitmentsin Table 3-12 (including Poland) will start to phase out
of coal from 2031 onwards.

Cost of early decommissioning of Electricity Generating Infrastructure

The cost of decommissioning electricity generating infrastructure that is not fully depreciated is
subtracted against any possible income from the carbon tax regime as part of the government
revenue balancing assumption. More information on revenue recycling assumptions, and how
governmentrevenues are treated, is provided below.

Feed-in-premiums

Electricity

Feed-in-premiums for renewables, bioenergy, and CCS-complemented electricity generation to
support more rapid market penetration are applied in the modelling using the FTT:Power
submodule in E3ME. Feed-in-premiumsimprove the business case forthese technologies. Premium
rates are setdepending onthelevelised cost of electricity forthetechnology considered ', Different
technologies require different levels of support to encourage greater rates of take up.

Somerenewable technologies like wind and solar have already experienced strong cost reductions
and have a significant market share across many EU Member States; as a result, they will likely

125 Coal fired electricity generation without abatement technologies like carbon capture storage.

126 The levelised cost of electricity within E3ME is calculated using the FTT:Power submodule. It takes into account the

price of natural resource inputs, policy costs and investment and operations and maintenance costs for each
technology.
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receive a lower premium than bioenergy or CCS-complemented electricity generation, which
requires furthersupportto compete.

As the technologies gain increasing market shares, and costs are reduced because of learning
effects, these premiumsare phasedout fromapproximately 2040 to 2050.

Home Heating

Investment subsidies arealso applied in the modelling for low-carbon home heating solutions to
lower the cost of these technologies relative to fossil intensive options. Investment subsidies are
modelled in E3ME via the FTT:Heat submodule as 15 % subsidies to capital costs for renewable
technologies (e.g. heat pumpsand solarthermal).

Steel sector'?’

Current ambitionsfocuson reducing blast furnace produced steeland increasing the use of recyded
steel. However, under a low-carbon transition, substantialinvestmentin equipment is necessary to
deploy low carbon energy technologies. Using recycled steel may not be sufficient to meet future
steeldemand, and hence also low-carbon productionof new steel is needed.

In order to reach net zero GHG emissions by 2050, additional investment in equipment to produce
carbon-neutral steelis necessary. This is achieved via investment subsidies for various technologies
(e.g.CCUS, recycling and electricarcfurnace). Investment subsidies startat 30 % of investment costs
in 2021, as estimated usingthe FTT:Steel E3ME submodule for technology diffusion.This investment
subsidy might increase to as much as 60 % of investment costs depending on how this effective
policy, in addition to ETS prices, is at decarbonising the sector.

Energy efficiency investment

Figure 3-2 shows how an increase in investment in energy efficiency impacts the wider economy
within the E3ME framework. On the environmentside, increased energy efficiency will lead to lower
CO- emissions fromfossil fuels.

An increase in investment has on the one hand direct positive impact on GDP, and on the other
hand creates multiplier impacts through the output-investment loop. The reduction in fuel cost
resulting from energy efficiency investment may lead to a reduction in industry price resulting in
increased competitiveness for EU industries. The increase in investment in energy efficiency
technologies will also lead to a lower share of energy in households’ costs which in turn has a
positive impact on disposable income. The increasein consumer spending leads to an increase in
both domestic and intra-EU demand for output. The increase in aggregate demand leads to more
employmentin industry and services, which in turn leads to moredisposable income.

127 The E3ME model includes a detailed bottom-up technology model for the steel sector, which provides greater levels
of policy detail. Other industrial sectors are covered by the efficiency measures described in the next section.
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Figure 3-2:Macroeconomic effect of increasedinvestmentin energy efficiency
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Source: E3ME, Cambridge Econometrics.

Estimates for the cost of energy efficiency investmentsare informed by assumptions fromthe 55 %
scenario of the Climate Target Plan, see PRIMES model data provided in Table 12 ™%,

The estimates of the level of investment from the 55 % scenario of the Climate Target Plan are
increased by an additional 20 % to reflect the greater level of EU ambition for 2030 towards net-zero

GHG emissions.

Fossil fuel boiler regulations for buildings

e From 2022to 2030: The assumptionsare consistentwith announced national
policies.

e From 2031to 2050: Ban oninstallation of fossil fuel boilers, and additional policies in
place to support their phase out by 2050. The modelling allows renewable gas
(hydrogen, biogas, biomethane) and oil (bioliquids)-fuelled boilers but the modelling
does not include specific subsidies for these technologies.

The energy efficiency investments described above are also applied to all buildings to support the
phase out of fossilfuel use.

Ban on fossil fuelled internal combustion engines for transport sector

e From 2022 to 2030: The ban on selling new fossil fuel vehicles is consistent with
announced national policies. For example, the following announced national phase-

outdates are considered:
o By2030: Denmark; Ireland; Germany (only diesel); Netherlands; Sweden.
e From 2031 to 2050: Policy ambition increases to ensure that the net-zero commitment
is met by 2050. We hence assume in our modelling that all other EU Member States

1282030 Climate Target Plan| Climate Action (europa.eu), Part 1, page 71.
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ban new fossil fuelled cars from 2030. In the case of France, we use the announced
phase out date of 2040.

Other scenario assumptions that supportdecarbonisation of road transport include electric vehide
subsidies and public procurement programmes to jumpstart demand for the technology and
reduce future costs. These policies reduce the costs of electrification (see below).

Electric passenger vehicle subsidies

The uptake of electrical vehicles is modelled in E3ME using the FTT:Transportsubmodule. Subsidies
for the purchase of electric vehicles are assumed tobe available from 2022. Subsidies are introduced
at €2 000 per vehicle and could increase to as much as €4 000 per vehicle to encourage greater
electrification of the passenger vehicle fleet and to reduce the cost of electric vehicles relative to
conventional cars.

Public Procurement

Public procurement of zero-carbon technologies across a range of sectors is implemented. This
policy aims to kick-start demand for these technologies by creating sustained demand for them
across the EU and will encourage the development and diffusion of these technologies.

Road Transport
Public procurement of electric vehicles.
Heating

Public procurementofrenewable and electric heating technologies including heat pumps andsolar
thermal heating.

Biofuels

Modest biofuel blending mandates for road passenger and freight transport are pursued that are
consistent with announced and currently implemented policy. Biofuel blendingmandates in the EU
reach at most 9% in middle distillate or diesel blends.

Over time, the volume of biofuels used in road passenger and freight transportdeclines because of
electrification, and existing biofuel capacity will be redirected to aviation. Total bioenergy
consumption doesnotincrease in absoluteterms.

Scaling up battery storage

The cost of battery storage is calculated off-model and informed by the latest data available from
the FTT: Power sub-module for electricity demand and infrastructure deployment. Additional
government-funded investment for battery storage deployment has been included in the
modelling.

Scaling up low-carbon hydrogen production and power-to-x

Hydrogen is assumed to be produced with low-carbon electricity. This simplifying assumption
enables representation of the scale-up of hydrogen use and the effects of the deployment of
hydrogen on total fueland electricity demand.

Hydrogen may be used as a fuel or feedstock fordecarbonising industry alongside energy efficiency
improvements. Hydrogen is also be used to decarbonise market segments that are challenging to
electrify, such as freight transport and aviation.
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Carbon Capture Utilisation and Storage (CCUS) for GHG Emissions from Industrial
Processes

Publicly funded investment in CCUS for industrial processesis pursued.Investmentlevels are based
on costs of approximately 200€/tonne CO, abated'”.

Loans and guarantees tofinance investments in energy assets

To incorporate the impacts of loans and guarantees on repayment and the cost of lending, the
borrowing rate applied to investment in various low-carbon energy infrastructure projects is
reduced to reflect the effects of government-backedloans and guarantees.

Figure 3-3shows the effect of lower capital costs onthe wider economy withinthe E3ME framework.
Lower costs to investors in low-carbon energy assets lead to higher take-up rates of renewable
technologies. This has a twofold positive effect on GDP and employment:once throughlower fossil
fuel demand andimports;and once through anincrease in investment. On the consumer side, the
policy may lead to lower prices, which in turn lead to higher consumer spending (another GDP
component).

Figure 3-3:Macroeconomic effect of lower capital costs
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Source: E3ME, Cambridge Econometrics.

Balancing public revenue
The policies that arerequired to achieve the net zero targetcan be split into three groups:

1. Policies that generate revenuesfor Member States, such as ETS auctioning and
carbon prices.

2. Policies thatincur additional publicspending, such as public sectorenergy efficiency
spending, renewable investmentsubsidies and compensationfor power plant assets
that become stranded due to regulation.

129 Costs are based on the breakeven cost in 2015 US$ per tonne of CO», for a range of carbon capture pathways. See
Hepburn, Adlen, Beddington et al. The technological and economic prospects for CO, utilization and removal.
Nature 575,87-97 (2019). https://doi.org/10.1038/s41586-019-1681-6.
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3. Policies that have smalladministrative or no costssuch as regulations.

The standard treatment in E3ME is to assume revenue neutrality in the scenario, meaning that
government balances remain unchanged from the baseline. The net revenues, if positive, are
assumed to be used to reduce incometax rates and employers’ social security contributions, split
equally, so that households and businesses share the benefits. Similarly, if revenues are less than
spending, especially during the initial period where policy costs are high, then income tax and
employers’ social securityrates are increased to ensure revenue neutrality.

Figure 3-4 shows the positive effect on the economy when the surplus revenues are used to
decreaseincome taxrates and social security contributions.

Figure 3-4:Macroeconomic effect of revenue recycling
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Source: E3ME, Cambridge Econometrics.

3.3.3. Variants of the Net Zero scenario

Two variants of the net zero scenario described above were also modelled. The net zero scenariois
based on a combination of climate and energy policies used to achieve climate neutrality by 2050.
Thevariants exclude some of the polices that areincluded in the net zero scenario.

The two variants are:

e Removing extended/intensified ETS: In this scenario we exclude the extended and
intensified ETS and the lower cost of capital for renewable/green technologies;

e Removing EU extra funding for green investment: in this scenario, we exclude
€70 billion of annual publicinvestmentin green technologies in the EU over 2021-27,
and €38 billion annual publicinvestment over 2028-50. These amounts correspond to
the additional spending on green technologies due to climate mainstreaming of the
MFF (for both periods) and theannounced Next Generation EU budgetlinked to Green
recovery (forthe 2021-27 period only).
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3.3.4. Expected results based on other studies

Table 3-15 below shows results from recent studies that explored the impacts of different
decarbonisation pathways in the EU. The scenarios are based on the implementation of ambitious
policy measures expected to achieve greaterreductionsin GHG emissions. These measures arealso
expected to have an overall impact on GDP. In general, the impact of the introduction of carbon
pricing schemes for non-ETS sectors on GDP ranges from -0.27 % to +1.8 % compared to the
baseline. The impacts on GDP are found to be more positive when carbon pricing (e.g. ETS) is
combined with other regulatory measures.”*® The impacts of enhanced green investments werealso
found to have a small positive effect on GDP. Employmentimpacts typically reflect the growth in
GDP. However, in all the studies, employmentimpacts are ranging from 0.02 %to 0.6 %, compared
to the baseline. This is because part of the GDP increase is realised through higher productivity rates,
leading to higher wages and profits.

Economy-wide impacts were also found to be dependent on the use of revenues from carbon
pricing schemes. In particular, the impact on GDP and employment is greater when revenues are
used tofinance green investments andlower distortionary taxes '*'.

The combination of regulatory measures and carbon prices may also have a positive impact on
private consumption, which is also reflected in higher GDP impacts. The impact on investment is
positive when subsidies and enhanced green investments are implemented.” Conversely, when
GDP impacts are found to be negative, consumption patterns are also affected negatively, while
investment is found to reach a higher levelthan in the baseline.'

Caution is needed when comparing these results, because they are based on different models, and
different assumptions. For instance, the JRC-GEM-E3 model assumes that the economy operatesin
equilibrium without spare capacity, whereas the E3ME model allows for some unused resources,
meaning that production of green products can increase without ‘crowding out’otheractivities.

Table 3-15:Results comparisonfrom previous studies (2030 differences form baseline, %)

Study/Model Assumptions Emissions | GDP Surplesy || Lo | ivess
-ment | -tion ments

Carbon pricing

non-ETS
European Free allocati 55 % GHG
Cominission ree allocation 6
2020 ETS reduction = -0.27% 0.05%  -0.79% 0.86 %
i f 2005
JRC-GEM-E3 Tax recycling rom
Imperfectlabour
market
European e Carbon pricing
S [0)
Commission, non-ETS sectors 25 % GHG o o
2020 . reduction  0.50% 0.20% = =
e Taxrecycling from 2005
E3ME e Auctioning ETS

130 Cambridge Econometrics. (2021). Achieving 60 % emission reduction by 2030, Achieving 60% emission reductions by

2030 | Greens/EFA (greens-efa.eu).
European Commission. (2020). Stepping up Europe’s 2030 climate ambition. Investing in a climate-neutral future for
the benefit of our people, EUR-Lex - 52020SC0176 -EN - EUR-Lex (europa.eu).

Cambridge Econometrics, (2020). Decarbonising European transport and heating fuels - Is the EU ETS the right tool?,
Decarbonising European transport and heating fuels - Is the EU ETS the right tool? (camecon.com).

131

132

133 European Commission. (2020). Stepping up Europe’s 2030 climate ambition. Investing in a climate-neutral future for

the benefit of our people, EUR-Lex - 52020SC0176 - EN - EUR-Lex (europa.eu).
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3.3.5. Limitations of the approach

All models represent simplifications of a complex reality and are therefore subject to assumptions
and limitations. The aim of the currentmodelling exercise is to capture as accurately as possible the
most important mechanisms of decarbonising the EU’s energy system. Where there is uncertainty
in the adoption of the policy measure, a cautious approach was adopted with assumptions that
favour the statusquo.

Like any macroeconomic model, theE3ME modelis subject to its own limitations, some of which are
described in the model manual (see Cambridge Econometrics, 2019). For example, as an
econometricmodel, it dependson historical datawith which to estimate behavioural parameters. It
is assumed that these behavioural responses do not change over time or in response to policy
changes. The model therefore assumes thatthe demand responses to changesin the carbon prices
are similar to the responses observed in the past. An exception to this is in the key energy sectors
(power, road transport,heatingand steel) where the bottom-up Future Technology Transformation
(FTT) sub-models are used instead of an econometricapproach. FTTis based oninnovation theory
and evolutionary dynamics and is linked to the E3ME model with two-way linkages between the
technology dynamics and wider economy.

In relation to the current study, one important limitation within the E3ME model is the absence of
assumptions in relation to climate change impacts such as extreme weather conditions that might
impact industrial and/or agricultural output. These are not included due to the large uncertainty
related to such outcomes. Some influence of the impact of climate change is captured through
historical data on outputand productivity.

There are potentiallarge benefits from reduced air pollution in the Net Zero scenario. These could
easily outweigh the economic impacts. Negative externalities related to air pollution and their
impact on health and life expectancy are captured partially through historical data on health
expenditure and labour productivity. We have not made additional assumptions on the positive
impact that emission reductionswould have on human health and productivity, since megatrends
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such as ageing of the population might offset these positive externalities on health expenditure and
labour productivity.

The carbon price is set exogenously and is based on the 55 % scenario in the Climate Target Plan.
Thus, it does not change when other policies to decrease emissions are also implemented. Early in
the projection period, the carbon price works as a price signal leading to more innovation and
investment in green technologies, but is also a way of generating revenues to fundfor other low
carbon policies. Once the carbon emissions in the economy have reached a certain (low) level, then
other complementary policies (e.g. energy efficiency, EVs subsidies) drive the overall results.

Further integration of EU energy markets cannot be assessed using the model due to data
availability that would allow the estimation of efficiency gains and energy price reductions. Finally,
the scenarios arecarriedout underan assumption that non-EU regions carry onas business as usual.
A more comprehensive scenario is required to investigate how climate actions in the rest of the
world could affect EU competitiveness, technology spillovers, trade in renewables, and global
energy prices.
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4. Assessing the cost of non-Europe

In this chapter we present our analysis to estimate thecost of non-Europein the area of energy. We
first discuss the results of the quantitative macroeconomic assessment which is the primary input
for estimating the costof non-Europe. Next, we present the results of a literature review to estimate
the cost of non-Europe for specific areas that cannot be evaluated in sufficient detail through the
macroeconomicassessment.

4.1. Quantitative macroeconomicassessment

4.1.1. Baseline

Table 4-1 summarises GDP, employment, consumer expenditure, investment, emissions and
imports of fossil fuels levels in the EU over the projection period. Population growth is expected to
slow to near-zero and working age population will start to decline after 2020. This means that the
potential for GDP growth is also reduced. Total employmentin the EU is also expected tostartfalling
by 2050 because of the ageing population and automation. Total investment and consumption
increase, however,and drivean increase in GDP. CO, emissions are reduced, based on the policies
already implemented to meet the 2030 targets.

Table 4-1: Summary of the baseline

Average annual
2021 2030 2050 growth (%)
(2020-50)

GDP (Million Euro) 12189649 13865720 18232015 1.56
Total employment (000s) 200335 201444 185784 -0.17
Consumers' expenditure (Million Euro) 6136277 7397373 9798737 1.57
Investment spending (Million Euro) 3174395 3602662 4652015 1.55
Importsin fossil fuels (Million Euro) 224195 223892 208775 -0.02
CO; emissions (000s tonnes carbon) 747278 581494 380341 -2.26

Source: Cambridge Econometrics.

Therest of the world follows the announced policies in the baseline and no further assumptions are
made for them to reach net zero by 2050in the scenarios.

4.1.2. Net Zero scenario

This section presents the resultsfrom the net zero scenario, which involvesimplementing the policy
package described in the previous chapter. The scenario results are compared to those from the
baseline.

Figure 4-1 shows theimpact of the policies on CO.emissions. At EU level, CO, emissions decline by
almost 43 % by 2030 compared to the baseline.This emission reduction is consistent with achieving
by 2030 a reduction of 62 % GHG emission below 1990 levels. By 2050, CO, emissions are reduced
by 82 % compared to the baseline, and by 94% compared to 1990 levels. In 2050, remaining CO,
emissions (~250 MtCO,) are expected to be absorbed by land use, land use change and forestry
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(LULUCEF); this is a similar amount to that assumed by the European Commission’s analysis under
the scenarios consistentwith net-zero GHG emissions by 2050*“.

Figure 4-1:Energy and process CO, emissionsin the EU (% difference from baseline)

2020 2025 2030 2035 2040 2045 2050

Source: Cambridge Econometrics.

Table 4-2 shows the contribution of each broad sector tothe total CO, emissionreduction. Basedon
the scenario design, the key driver of CO, emission reduction by 2030 is the power sector. By
including bioenergy and CCS (BECCS)in the technology mixfor electricity, it is possible to make total
net power sector emissions negative.

In the industry sector, the 65 % emission reduction by 2050 is driven by energy savings and
electrification. In transport, the uptake of EVs in road transport and the use of biofuels leads to a
reduction in emissions of 41 % by 2030 and 85 % by 2050 compared to the baseline. Air transport is
not expected to become fully carbon neutral by 2050.

The reduction in emissions in buildings is driven by investment in energy efficiency technologies
and a shift to renewables-based boilers. The residual emissions from energy consumption and
industrial processes in 2050 is around 250 MtCO., which, as noted above, should be compensated
by land sinks and LULUCF.

The results in Table 4-2 are consistent with other studies. In particular, the power sector is
consistently found to play a major role in reducing CO, emissions, through the deployment of
renewable energy.In other studies, emissionreductions in the power sector are estimated to range
between 23 % to 62 %, compared to the baseline, depending on the level of ambition of policy

134 European Commission, Clean Planet for All, In-depth analysis in support of the Commission Communication COM
(2018)713,com_2018 733 analysis_in_support_en_0.pdf (europa.eu).
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options considered in the models '*. Coal regulation and phase-out of petrol and diesel vehicles
contribute to reduce emissions in the industry and transport sectors between 5% and 13 %
compared to the baseline. The emissions reduction in the buildings sector is in some studies'*®
foundto achieve large reductions,in other studies '*” is found to have a small contribution.

Table 4-2: CO, emission reduction by broad sector (% difference from baseline)

I T R E

Power generation -8.9 -88.5 -107.1
Industry -2.2 -20.0 -64.8
Transport -4.1 -41.0 -85.3
Buildings -1.8 -10.5 -75.0
Total -4.5 -43.1 -81.9

Source: Cambridge Econometrics.

Figure 4-2 shows the impact on GDP (compared to the baseline) of implementing the full set of
policies. The GDP increase already in 2021 shows the benefit of such policies in the post-Covid
recovery. The steep rise in GDP by 2030, compared to the baseline, is driven by the investment in
technologies that allows the phase-outof coalin power generation, andin energy efficiency.

Figure 4-2:EU GDPimpactin the net zero scenario (% difference from the baseline)
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Source: Cambridge Econometrics.

135 Cambridge Econometrics. (2021). Achieving 60% emission reduction by 2030, Achieving 60% emission reductions by
2030 | Greens/EFA (greens-efa.eu); European Commission. (2020). Stepping up Europe’s 2030 climate ambition.
Investing in a climate-neutral future for the benefit of our people, EUR-Lex - 52020SC0176 -EN - EUR-Lex (europa.eu).

136 European Commission. (2020). Stepping up Europe’s 2030 climate ambition. Investing in a climate-neutral future for
the benefit of our people, EUR-Lex - 52020SC0176 - EN - EUR-Lex (europa.eu).

37 Cambridge Econometrics. (2021). Achieving 60% emission reduction by 2030, Achieving 60% emission reductions by
2030 | Greens/EFA (greens-efa.eu).
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In the period up to 2030, the increase in GDP is driven by investment, while in the period 2030-50,
consumer spending is the main driver of GDP growth (above that in the baseline). The GDP results
in Table 4-1 for 2030 are larger than the ones in the literature summarised in Table 3-15.

The results reveal that revenues generated from the ETS and carbon tax can cover more or less of
the public policy costs and the requirement for the changesin taxrates are minimal (on average +/-
1pp). This means, for example, if an average income tax rate is 20%, it will change either to 19%
(revenue surplus will reduce tax) or 21% (revenue gap will lead to increase in tax). Over 60% of the
time over the period 2021-50, there are smallrevenue surplusesthatlead to reductions in tax rates
in all Member States.

Table 4-3 shows that the impacts on employment follow the evolution of GDP over time, but at a
lower magnitude than in the baseline. Consumer prices decline because lower energy bills lead to a
lower rate of overallinflation.On the consumer side, the savings fromenergy efficiency lead in the
long runto higher disposable incomes. In turn, higherincomes lead to higher consumer spending
on goods and services (either domestically produced orimported).

The decrease in imports of 0.3 % in 2030 and 0.9 % in 2050 compared to the baseline is driven by
lower imports of fossil fuels, which were already on a decreasing trend in the baseline (see Table

-1). Exports are expected to increase slightly compared to the baseline in the period up to 2030
because of gains in energy efficiency boosting competitiveness. However, in the period up to 2050,
EU exports are negatively impacted because high carbon costs reduce competitiveness, given the
assumptionthat the rest of the world does not take similar action.

Table 4-3: Economic impact by components of GDP (% difference from baseline)

% difference from baseline 2030 2050

Consumer spending 0.3 2.3 4.0
Investment spending 1.9 5.8 2.0
Exports 0.1 0.6 -0.5
Imports 0.2 -0.3 -0.9
Employment 0.2 0.9 1.1
Inflation (consumer price) -0.4 -2.0 -2.2
il diferencefiom pebsaine | 2021|2030 2050 |
GDP (Million Euro) 80763 443943 555564
Consumer spending (Million Euro) 16493 173752 391423
Investment (Million Euro) 59775 210305 93612
Exports (Million Euro) 2588 15704 -16727
Imports (Million Euro) 4098 -6 892 -28244
Employment (‘000s) 318 1912 2135
Inflation (consumer price) -0.004 -0.028 -0.048

Source: Cambridge Econometrics

Theincreased investment in green technologies results fromthe combination of policies mentioned
in Section 3.3. For example, feed-in premiums boostthe use of relatively new technologies (such as
biomass and CCS power plants), while carbon pricing (i.e. the ETS) is more appropriate for
technologies that are already well established in the market (and is particularly important for
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pushing coal out of the power mix). The scenario includes measures to reduce the cost of capital for
low-carbon technologies, which areimportantforincreasing investment.

The investment has several different impacts. Within the energy sector, investment in new
technologies leads to cost reductions through learning effects (driven by innovation), which in the
future increases further the take up of these technologies. Through supply-chain and multiplier
effects, the investment boosts production levels in other sectors of the economy; some of these
sectorsinturnincrease theirown investmentto build new production capacity.

Although investment in fossil fuel sectors falls, this effect is outweighed by the increases in
investment elsewhere.

Turning to sectoralimpacts, the policies benefit in particularsectors that provide investmentgoods
and services, including advanced manufacturing sectors and construction. Manufacturing and
construction seeincreases in output of4.2% and 2.2 %, respectively, compared to the baseline, by
2030. Theincreasein production in these sectors in turn leadsto anincreasein the distributionand
logistics parts of the transportsector. However, by 2050 some of these impacts are reduced because
the focus of growth shifts from investment to higherlevels of consumer spending.

The output of the energy extraction sectorin the EU falls, but the absolute loss of EU production is
limited by theimportant role ofimported fuels in the baseline (see below). Finally, althoughthe EU
does not produce much of its own fuels, the lack of climate action in the rest of the world means
that thereis stillsome export potential.

Electrification in transport andothersectorsboostsoutput in the electricity utility sector, compared
to the baseline. Agriculture benefits from biomass-based technologies that are implemented and
(by 2050) higher levels of general consumptionthat get reflected in food production. Higher levels
of consumer spending alsoincrease the demand for personal services.

The evidence from the other studies shows thatlarge losses in output are expected for the mining
sectors, due to reduced productionof coal estimated at-2.4 % in 2030 and -5.6 % in 2050 compared
tothe baseline. ®Small reductions are expected to occur in the utility services, due to the take up
of energy efficiency measures. In other studies, output in the sectors of construction and
manufacturingis expected to increase up to 2.3 % compared to the baseline. ™’

Table 4-4: Economic impact by broad sector (% difference from the baseline)

Agriculture

Mining and Utilities 1.3 1.4 -2.1
Manufacturing 1.1 4.2 2.2
Construction 1.1 3.9 1.9
Transport 0.7 2.8 1.8
Services 0.5 2.3 2.4

Source: Cambridge Econometrics

138 Cambridge Econometrics. (2021). Achieving 60% emission reduction by 2030, Achieving 60% emission reductions by
2030 | Greens/EFA (greens-efa.eu).
139 Cambridge Econometrics. (2021). Achieving 60% emission reduction by 2030, Achieving 60% emission reductions by

2030 | Greens/EFA (greens-efa.eu) ; European Commission. (2020). Stepping up Europe’s 2030 climate ambition.
Investing in a climate-neutral future for the benefit of our people, EUR-Lex - 52020SC0176 -EN - EUR-Lex (europa.eu).
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Figure 4-3 shows a steep decline (€63 billion by 2050) for fossil fuel imports into the EU, compared
to the baseline.In the baseline there s already a slight declining trend in energy imports to the EU
(0.02% pa). In the scenario, by 2050 the remaining demandfor fossil fuels imports is for air transport,
the chemicals industry (petrochemicals) and the re-export of refined petroleum.

Figure 4-3:Fossil fuel importsin the EU (% difference from baseline)

2020 2025 2030 2035 2040 2045 2050

Source: Cambridge Econometrics

Theimpacts on EU employment show a similar evolution as those for GDP, but with smaller effects
in percentage terms. Increases in productivity, shifting sectoral composition, wage effects,
technology improvements and limited labour supply are reasons why employment does not
increase by as much as GDP.

Figure 4-4:EU employment (% difference from baseline)
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Source: Cambridge Econometrics
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Employment in the construction sector increases because of the additional investment, especially
energy efficiency in buildings. There is a 2.8 % increase in construction employment by 2030,
compared to the baseline. Although current employment is smaller in absolute terms, thereis a
large increase in employment in the utilities sector (19 % by 2050). This reflects the increase in
electricity consumption because of electrification (which balances efficiency measures) and the
higher labour intensity of low-carbon generationtechnologies.

Table 4-5: Employmentimpact by broad sector

% difference from baseline 2021 2030 2050

Agriculture

Mining and Utilities 0.3 8.5 18.8
Manufacturing 0.2 0.8 1.2
Construction 0.4 2.8 1.4
Transport 0.0 0.4 0.3
Services

Agriculture 36.5 22.4
Mining and Utilities 10.1 263 658.8
Manufacturing 53.8 214 270.3
Construction 57.1 376.5 142.5
Transport 1.5 38.6 25.5
Services 191 983.1 1015.6

Source: Cambridge Econometrics

Figure 4-5 shows that households in all five income quintile groups enjoy a higher disposable
income than in the baseline. The income effects are estimated for each income quintile based on
their share of spending and the source of income. These shares are fixed but linked to E3ME
consumer prices for different products (including energy) and income components (including
adjustment to income taxes) to estimate distributionalimpacts.

In 2021 and 2030, the poorest households benefit by the most from the green transition while the
richest households benefitby the least. This result can be explained by the assumption that the gap
in policy revenues is partly funded through higherincome taxrates, which affect richer households
relatively more. The impact of real income on the spending side is driven by the share of energy
consumption in households’ total spending (which is typically higher for poorerhouseholds, at least
for heating). Energy savings technologies reduce energy bills and therefore can be progressive
overall, but the carbon taxapplied to households mayhave regressive effects. On the income side,
households' incomes are affected by changes in employment and wages, as well as the
redistributionof revenue surplusin the form ofincome support and highersocial contributions.
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Figure 4-5:Households impact byincome quantile (% difference from baseline)
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Source: Cambridge Econometrics

4.1.3. Variants of the Net Zero scenario

In addition to the Net Zero scenario, two variants were also modelled. The first variant does not
include some of the policies in which the EU has direct mandate, such as the extended and
intensified ETS and the lower cost of capital for renewable/green technologies. The second variant
scenario does not include some of the public green investment that is financed through the MFF
and Next Generation EU.

Figure 4-6 shows the CO,emission reductionsin the variantscompared to the baseline.

Carbon pricing is a key policy to achieving the net zero target, so removal of higher ETS prices and
carbon taxrates meansa lower level of emissionreduction thanin the net zeroscenario. Up to 2030,
COzemissions in this variant follow thesamepath asin the Net Zeroscenario, buttheydiverge once
the carbon prices follow different paths. Other policies remain effective in reducing emissions
(renewable subsidies, phase-out of coal for electricity generation and fossil fuelled vehicles,
procurement policies for renewable/ green technology, and energy efficiency mandates), but the
interaction effects with carbon pricing are lost and on their own they are not enough to reach net
zero by 2050.

Removing part of public green investment financed by the EU also leads to missing the net zero
2050 target. In this variant, the transition takes longer because it relies mainly on carbon pricing
policies and regulations to bring down emissions. Alternative renewable technologies remain
expensive and have slower take-up rates because of the removal of public sector investment,
procurement,and subsidies.
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Figure 4-6:CO, emissionreduction by scenario (% difference from baseline)

2021 20286 2031 2036 2041 2048
0

— Net Zero Removing extended/intensified ETS Removing EU extra funding

Source: Cambridge Econometrics

In Table 4-6, the emission levels in all scenarios and variants are compared to 1990 levels and
presented as a relative reduction. In the absence of additional policies to decarbonise the energy
system (i.e.the baseline), 64 % reduction compared to 1990is achieved. The Net Zero scenario leads
to a 94 % emission reduction, while the two variants achieve around 88 % emission reduction
compared to 1990. Figuresfor non-energy related emissions are notavailable for 1990, so 1995 non-
energy emissionswere used as a proxy.

Table 4-6: CO; emissionreduction by scenario (% difference from 1990 emissions)

Baseline scenario -29.6 -43.2 -64.2
EU NetZero scenario -32.8 -61.6 -93.5
Removing extended/intensified ETS -32.1 -60.6 -88.8
Removing EU extra funding scenario -30.9 -58.6 -87.9

Source: Cambridge Econometrics

Figure 4-7 shows the positive effects on EU GDPin the Net Zero scenario and the two variants.
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Figure 4-7:EU GDPimpactby scenario (% difference from baseline)
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Table 4-7: Economic impact by scenario and components of GDP (% difference from
baseline

)
— S EE
GDP 0.7 3.2 3.0

Employment 0.2 0.9 1.1
Consumer spending 0.3 2.3 4.0
NetZero Investment 1.9 5.8 2.0
Imports 0.2 -0.3 -0.9
Exports 0.1 0.6 -0.5
Inflation (consumer price) -0.4 -2.0 -2.2
GDP 0.5 3.1 2.6
Employment 0.1 0.9 0.8
Consumer spending 0.1 2.2 2.8
Removing extended/intensified ETS Investment 1.8 5.7 2.0
Imports 02 -02 -0.8
Exports 0.1 0.6 0.8
Inflation (consumer price) -0.4 -2.2 -2.6
GDP 0.4 2.9 3.0
Employment 0.2 0.9 1.1
Consumer spending 0.4 2.3 4.3
Removing EU extra funding Investment 0.7 4.6 1.4
Imports 0.1 -04 -09
Exports 0.1 0.5 -0.6
Inflation (consumer price) -0.2 -1.9 -1.6

Source: Cambridge Econometrics
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The first variant (removing extended/intensified ETS) shows smaller positive GDP impacts than
the Net Zero scenario does. Theremoval of the carbon price and higher ETS price meansthatas the
environmental target is not achieved, industry and households face lower costs, resulting in an
improvement to EU exports and real income (consumption). This does not take into account the
potential costs from climate change resultingfromthe non-respect of the net zero target (e.g. losses
dueto extreme weather events). This alsoassumesthat all businessesface costs due to carbon prices
and higher ETS, while in reality some would benefit fromit, potentially triggeringa structural move
towards higher levels of productivity. Increases in exports and consumption have a positive effect
on GDP. However, the reduced revenuesfrom the carbon taxand ETS mean that other policy costs
must be financed through alternative means. One way is through an increase in income taxand
social security rates, which hasa negative impact on GDP throughlowering disposable incomes and
increasing labour costs, which lead to lower consumer and employmentdemand.

Not providing loan guarantees means that borrowing costs and renewable investments are more
expensive thanin the Net Zeroscenario. Overall, these impacts are relatively limited and investment
will remain high (albeit lower than the Net Zero scenario) since it is driven by other policies such as
regulations, phase out of fossil fuels, public procurementand energy efficiency.

Compared to the Net Zero scenario, there are more energy imports, which have a negative impact
on GDP.

The second variant (removing EU extra funding for green investment) also shows that the
environmental targetis not achieved and thatthere s a less positive GDP impact than the Net Zero
scenario.Inthe Net Zero scenario, green publicinvestment leads to a reductionin renewable costs
through learning and economies of scale, and consequently leads to additional private sector
investments. The removal of this publicgreeninvestment means thatoverall there is less investment
in this variant, which is one of the main drivers of GDP growth in the Net Zero scenario.

Publicly funded energy efficiency investmentin the Net Zero scenario helps to reduce energy bills
for business and consumers, so removing the investment means that companies and households
face higher energy bills thanin the Net Zero scenario. Higher emissions in this scenario from lower
uptake of green technologies means that higherETS and carbontaxratesare applied to sectors and
households. This in turn reduces aggregate demand.

Furthermore, becausethe demandfor fossil fuels is notreduced as much asin the Net Zero scenario,
there are more energy imports as well as higher imports of other goods and services (from using
revenues to reduce general taxes instead), resulting in a negative impact on GDP compared to the
Net Zero scenario. Some of the EU fundingin this variant is redirected to reduce taxes that lead to
higher consumer demand in thelong run. The modelling results suggests that EU funding can still
be used for non-green policies to stimulate the EU economy. However, using the fund to promote
green investment not only produces better GDP results throughout the period, but also helps
reduce emissions and to achieve the EU net zero target.

In conclusion, using EU funding toward green investmentand stimulus produces better outcomes
for GDP through positive stimulus effects on private sector investment, cost reductions through
learning effects, lower energy bills for consumers and a reduction in fossil fuelimports.

In both variants, the removal of EU level climate policies leads to smaller positive GDP impacts and
higher emissionsthanthe net zeroscenario. However, the estimated GDP benefits of the EU climate
policies are expected to be larger once co-benefits from emissions reduction, such as pollution
impacts on human health and mortality, are considered.
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4.2. Complementary literature review

4.2.1. Benefits of electricity network interconnection and market coupling

The integration of European electricity markets, where enabled by physically interconnected
networks and adequate market design, brings about major system efficiency gains and hence
welfare to European consumers and industries. Electricity interconnections and market coupling
lead to more competitionand highersecurity of supply onthe one hand, and tolower overall system
costs on the other hand, as power generation capacity is used more efficiently and balancing and
reserve capacity (including demand response resources) can be shared amongst Member States,
which reduces the marginal costand the overall capacity needs.

While the effects of network interconnections and market coupling on competition and security of
supply are difficult to quantify, there are estimates on their impacts on system costs, which vary
however significantly depending on their time-scale, scope and methodology. Newbery et al
(2016)'* estimated in their study that further investments in interconnection capacity coupled
with day-ahead and intra-day market integration could lead to gains of over €1 billion per year,
while cross-border balancing could provide additional benefits ranging from €1.3 billion to €2.7
billion per year by 2030. Moreover, a properly interconnected electricity system also facilitates the
integration of variable RES and reduces curtailment, the cost of which might be €130-160 million
per year. The study concluded that the benefits of interconnections and market coupling
substantially exceed the costs of the related investmentsand market designchanges.

Another study, undertaken by Baker et al (2018)*' concluded that the potential benefits of fully
integrating the EU’s electricity markets could be in therange of €16 billion to €43 billion annually
by 2030, depending on the extent to which the power generation portfolio is optimised, the
development of additional interconnection capacity, and the widespread application of demand
response. Most of the benefits in social welfare rely on the full harmonisation and integration of
wholesale markets (between €12.5 and €32.5 billion potential savings), while a supra-national
approach to resource adequacy (from €3 to €7.5 billion) and shared balancing (€3 billion) could
provide lower, but still significant savings.

Other studies'*focus specifically on the potential benéefits arising from short-term market coupling
by using the currently available or planned interconnection capacity more efficiently, and from the
implementation of harmonised network codes.

There has been significant progress towards implementing day-ahead market coupling at EU
level, enabling cross-zonal capacity between neighbouring bidding zones to be more efficiently
used. By 2020 day-ahead market coupling was implemented at one third of the EU borders',
leading to a significantly higher efficiency in the use of the electricity interconnectors.'* The

40 Newbery, D, Strbac, G., and Viehoff, I, (2016) The benefits of integrating European electricity markets. Energy Policy,

July 2016. DOI: 10.1016/j.enpol.2016.03.047.

41 Baker, P, Hogan, M., and Kolokathis, C, (2018).Realising the benefits of European market integration. The Regulatory
Assistance Project (RAP). Retrieved from: https://www.raponline.org/wp-content/uploads/2018/05/rap-pb-mh-ck-
benefits-european-market-integration-2018-may-21.pdf These figuresare based on Booz & Co. (2013) Benefits of an
integrated European energy market and the European Commission (2016) estimates.

142 ACER/CEER (2020). Annual Report on the Results of Monitoring the Internal Electricity and Natural Gas Marketsin 2019
- Electricity Wholesale Markets Volume. October 2020. And ENSTO-E (2019) POWERFACTS EUROPE 2019.

143 By the end of 2019, DA market coupling had been implemented on 32 out of 42 EU borders (excluding the 4 borders
with Switzerland).

144 Efficient use is defined as the percentage of the available Net Transfer Capacity used in the ‘right economic

direction’in the presence of a significant (>1 euro/MWh) price differential between the 2 bidding zones.
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economic benefits of this development are reflected in the price differentials between
neighbouring bidding zones. Notwithstanding the progress, there is still a large potential for
improvements; ACER' estimates that the potential welfare gains from extending the day-ahead
market coupling to all EU borders (including the 4 borders with Switzerland) will amount to over

150 million euros per year.

Further benefits, butlesshigh thanfor day-head markets, could be obtained by implementing intra-
day market coupling. At present the efficient utilisation of cross-zonal capacity remainsratherlow
at only 59 % in 2019, which illustrates the large potential for furtherimprovement. The EU level
can and does play a major role to increase the available electricity interconnection capacity between
EU Member States, and to enhanceiits efficient use by different measures and instruments.

Figure 4-8: Estimated potential social welfare gains from further extending DA market
coupling-2018-2019 (million euros).
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Source: ACER (2020) Annual Report on the Results of Monitoring the Internal Electricity and Natural Gas
Marketsin 2019 — Electricity Wholesale Markets Volume, based on ENTSO-E, NRAs and Vulcanus data.

Finally, ENTSO-E estimates that €0.7 - 1 billion per year of social welfare gainsare realisable from the
implementation of EU harmonised network codes, while in comparison, ACER suggests that
greater progress in the development of the electricity markets could lead to even greater welfare
gains estimated at around €5 billion per year.'

Taking into account the different estimates, we conclude that additional benefits ranging
between €16 and €43 billion per year could be achieved by 2030, which rely primarily on EU
action and is therefore fully considered a cost of on-Europe. This range is in line with previous

145 ACER/CEER (2020). Annual Report on the Results of Monitoring the Internal Electricity and Natural Gas Markets in
2019 - Electricity Wholesale Markets Volume. October 2020.

146 ACER/CEER (2020). Annual Report on the Results of Monitoring the Internal Electricity and Natural Gas Markets in
2019 - Electricity Wholesale Markets Volume. October 2020.

147 ENTSO-E (2019) POWERFACTS EUROPE 2019.

83


https://acer.europa.eu/en/Electricity/Market%20monitoring/Pages/Current-Edition.aspx
https://acer.europa.eu/en/Electricity/Market%20monitoring/Pages/Current-Edition.aspx
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/ENTSO-E%20general%20publications/ENTSO-E_PowerFacts_2019.pdf

EPRS | European Parliamentary Research Service

Cost of Non-Europe estimates'* of a more integrated energy market (€29 billion per year), although
the scope of actions included are different from those from Baker et al (2018).'*

4.2.2. Benefits of RD&

Horizon Europe is the main European programme funding research and innovation, with a total
available budget of €95.5 billion for the 2021-2027 period, from which €15 billion are assigned for
projects under Cluster 5: Climate, Energy and Mobility . Findings from the impact assessment
accompanying the proposalforHorizon Europe ™', suggest thatthe continuation of RD& funding in
2021-2027 period is expected to provide a clear EU added value. Like its predecessor Horizon 2020,
Horizon Europe is expected to have positive effects on growth, trade and investment flows, and
in jobs.

The potential cost of discontinuing the EU RD& programme (i.e. the cost of non-Europe) was
estimated to be substantial, with a decline of competitiveness and growth of up to €550 billion of
GDP over 20years, and up to €720 billion over 25 years."? The macroeconomic models used project
that the programme s expected to produce 0.08 % of additional GDP on average over 25 years, with
the highest gains (+0.31 % of GDP) expected to occur around 2034. This means that each euro
invested can potentially generatea return from 10to 11 eurosin gross domestic product (GDP) gain
over 25years. EURD&linvestmentsare alsoexpected to generate up to 100 000 jobs in R&l activities
during the “investmentphase”(2021-2027) and promote an indirect gain of up to 200 000 jobs over
2027-2036, from which 40 % are highly skilled jobs. This would mean more than 15000 jobs would
be generated by EU investmentsin Climate, Energyand Transport RD&l projects.

Considering that almost 16 % of the Horizon Europe budget is going to Climate, Energy and
Transport, the cost of non-Europe of RD&I area of Climate, Energy and Transport could roughly
be estimated to be around €113 billion of GDP growth over 25 years from EU R&l investmentin
this cluster (around €4.5 billion per year), together with over 15 000 jobs generated by 2027, and
over 30000 between 2027-2036.

It should be noted thatthe added value of European RD&l funding goes beyond economicimpacts.
When compared to national and regional-level RD&I activities only, EU funded RD&l projects
produce demonstrable benefits in terms of scale, speed and scope. >

EU-wide competition for RD& funds increases the quality and visibility of the research and
innovation outputbeyond what is possible via national or regional competition, strengthening the

148 Del Monte, M. et al (2019). Europe’s two trillion-euro dividend: Mapping the Cost of Non-Europe, 2019-24. European

Added Value Unit, European Parliament, April 2019. This estimate is based largely on Booz & Co. (2013) Benefitsof an
integrated European energy market as well as case studies from Del Monte, M. (2017) and, Mapping the Cost of Non-
Europe, 2014-19.vEuropean Parliament Research Service, December 2017.

149 The total benefits assumed by from Del Monte, M. et al (2019) assumed the lower-range of estimate of the benefits of

a fully harmonised wholesale market, while it also included estimates for the benefits of smart grids for consumers’
demand response and of phasing out regulated prices.

150 Based on the political agreement of December 112020, this sum includes €5.4 billion from Next Generation Europe.

Source: European Commission (2021). The EU Research& Innovation Programme 2021 - 27. Retrieved from:
https://ec.europa.eu/info/sites/default/files/research _and_innovation/funding/presentations/ec_rtd_he-investing-
to-shape-our-future.pdf.

151 SWD(2018) 307 final Commission Staff Working Document Impact Assessment Accompanying the document

Proposals for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL establishing Horizon Europe —
the Framework Programme for Research and Innovation, laying down itsrulesfor participation and dissemination.

152 Calculated for the EU-27, based on the NEMESIS model. Figures in constant prices. Source: SWD(2018) 307 final -
Annex V Macroeconomic modelling.

153 SWD(2018) 307 final - Annex 4: Added Value of EU-funded R&l.

84


https://ec.europa.eu/energy/sites/ener/files/documents/20130902_energy_integration_benefits.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/20130902_energy_integration_benefits.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2017/603239/EPRS_STU(2017)603239_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2017/603239/EPRS_STU(2017)603239_EN.pdf
https://ec.europa.eu/info/sites/default/files/research_and_innovation/funding/presentations/ec_rtd_he-investing-to-shape-our-future.pdf
https://ec.europa.eu/info/sites/default/files/research_and_innovation/funding/presentations/ec_rtd_he-investing-to-shape-our-future.pdf
https://eur-lex.europa.eu/resource.html?uri=cellar:d17282ba-6a2f-11e8-9483-01aa75ed71a1.0001.03/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:d17282ba-6a2f-11e8-9483-01aa75ed71a1.0001.03/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:d17282ba-6a2f-11e8-9483-01aa75ed71a1.0001.03/DOC_1&format=PDF
https://ec.europa.eu/info/sites/default/files/swd_2018_307_f1_impact_assesment_en_v6_p2_977548.pdf

Annex: Cost of non-Europe in the area of energy

EU’s scientific excellence. This is evidenced by the fact that EU-funded peer-reviewed research
publications are cited more than twice the world average, and are almost four times more
represented in the world’s top 1 % of cited research when compared to the overall publication
output ofthe 28EU MS.™*

EU RD&l funding also stimulates the creation of cross-border collaboration networks within the
EU through the requirements for cross-country consortiain project calls. Trinomics (2019) '** studied
theimpacts of EU RD&l actions on Renewable Energy technologiesover the past20years, covering
from FrameworkProgramme (FP) 5 up until Horizon 2020 (FP8). The study found thatin virtually all
Renewable Energy sectors, large projects that coordinated research activities across the EU, EU
funding stimulated the formation of partnershipsin the context of specific R&D challenges.

EU R&l activities also strengthen the EU’s competitive advantage, for example through the
sharing of knowledge, technology transfer and access to new markets.'*® Trinomics (2019) "’ found
that EU RD&I funding enabled the development of several specific Renewable Energy technologies
andthe continuation of research thatwould not have been possible otherwise with private and/or
national funding only. Technologies such as solar CSP and fixed-bottom offshore wind benefited
greatly from EU support to accelerate their development and market entry. The stakeholders in
these sectors assigned significant importance to the role of EU funding for bringing these
technologies to the market.

An assessmentof EU AddedValue of FP7 and Horizon Europe found that in general, EU-funded RD&
teams were around 40 % more likely to be granted patents or produce patent applications, when
compared to receiving national or regional funding only."* Similarly, an impact assessment of the
FP6-FP7 energy projects' provided strong evidence on the commercialisation effects of FPs,
concluding that most FP projects that aimed to improve technologies were successful in doing so.
A typical project funded by FP6 brought a technologyfromthe validation phase to model/prototype
testedin arelevant environment.'®

EU RD&l also creates new market opportunities through collaborative multi-disciplinary
teams and dissemination of results. EU RD&l activities involve key industrial players, SMEs and
end-users, which reducescommercialrisks, forexample, by the development of common standards
andinteroperable solutions, and by defragmenting existing markets. '’

154 Based on Field Weighted Citation Index . Source: SWD(2018) 307 final - Annex 4: Added Value of EU-funded R&l.

155 Trinomics (2019). Study on impacts of EU actions supporting the development of renewable energy technologies.
European Commission Directorate-General for Research and Innovation. doi: 10.2777/902810.

156 SWD(2018) 307 final - Annex 4: Added Value of EU-funded R&l.

157

Trinomics (2019). Study on impacts of EU actions supporting the development of renewable energy technologies.
European Commission Directorate-General for Research and Innovation. doi: 10.2777/902810.

158 This estimate is not specific to energy projects. Source: PPMI study (2017), Assessment of the Union Added Value and
the Economic Impact of the EU Framework Programmes (FP7, Horizon 2020). Available at:
https://op.europa.eu/en/publication-detail/-/publication/af103c38-250d-11e9-8d04-01aa75ed71al/language-en.

159 Technopolis Group, Hinicio, LBST, FEEM (2014). Evaluation of the impact of projectsfunded under the 6th and 7th EU
Framework Programme for RD&D in the area of non-nuclear energy, Final Report. Available at:
https://ec.europa.eu/energy/content/evaluation-impact-projects-funded-under-6th-and-7th-eu-framework-
programme-rdd-area-non _mt.

160 The impact assessment used the system of Technology Readiness Levels (TRLs) to measure how far a new technology
is from application. The scale starts with TRL1, which is scientific fundamental research, and ends at TRL9, which
corresponds to the pre-commercialisation step. The average FP6 and FP7 non-nuclear energy project started at TRL
3.75 (median 3), and finished at 6.12 (median 6).

161 SWD(2018) 307 final - Annex 4: Added Value of EU-funded R&l.
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Finally, the EU RD&I support provides high additionality, investing in distinctive research and
innovation projects that are different from those funded at national or regional level. The EU
programmesdo notdisplace or replace national funding'® (see Figure 4-9 below). On average 83 %
ofthe projects funded by EU programmes would not have gone ahead without Horizon Europe.'®

Figure 4-9: Change in Government budget allocations for R&D (GBARD) and change in EU
contribution between FP7 and Horizon 2020.
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Notes: Size of circles represent the number of applications in Horizon 2020.

Source: European Commission DGRTD (2017). LAB-FAB-APP, Investing in the European future we want. Report
of the independent High Level Group on maximising the impact of EU Research & Innovation Programmes.

4.2.3. Benefits of a Carbon Border Adjustment Mechanism

A possible option forimplementing more ambitious climate policy without risking carbon leakage
is tointroduce a carbon border adjustment mechanism (CBAM). The European Green Deal referred
to the implementation of such a CBAM as one of the measures to consider for reaching climate
neutrality by mid-century. Within the context of this study, a CBAMis highly relevant asitis a clear
example of additional measures that the EU could take to realise climate neutrality in an efficient
manner and could thereby translateinto a cost of non-Europe if not pursued. Moreover, it is a
measure that would obviously require the EU to take the primary action as it would be highly
inefficient and incompatible with the single EU market for Member States to implement such a
measureindividually.

162 European Commission DG RTD (2017). LAB-FAB-APP, Investing in the European future we want. Report of the

independent High Level Group on maximising the impact of EU Research & Innovation Programmes.

163 Based on survey data. Source: PPMI study (2017), Assessment of the Union Added Value and the Economic Impact of

the EU Framework Programmes (FP7, Horizon 2020). Available at: https://op.europa.eu/en/publication-detail/-
/publication/af103¢38-250d-11e9-8d04-.
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The main objective ofa CBAMis to fight climate change by avoiding carbon leakage.'® Itsfinal shape
is still being developed but it would basically consist of a carbon tax on a specific set of imported
products from particular third countries, to compensate for the differences between the effective
carbon price in the EU and in the country exporting to the EU. This is especially relevant for third
countries with no equivalent forms of carbon pricing to those that operate in the EU. This way, a
level playing field is created within the EU for imported and domestically produced products.
Furthermore, arebate could beintroduced for goods exported fromthe EU to third countries with
no carbon pricing or at a lower level.'® The mechanism would need to be compatible with World
Trade Organization (WTO) rules. Once introduced, it would allow for more ambitious EU climate
policies without risking carbon leakage. It could eventually replace current measures to avoid
carbon leakage, including the free allowances for EU ETS sectors and the possibility for Member
States to compensate electro-intensive industriesfor ETS costs passed on through electricity prices.

Asthe CBAMis still under development, a full view on its impacts and benefits is not available yet.
However, some indication of its impacts can be found in the Commission’s inception impact
assessment'®and the European Parliament’sresolutionon the topic'®’. The keyimpacts mentioned
in those publications are:

¢ Moreeffective climate policies in the EU;

e Promotion of more ambitious climate policies in trading partner countries;

» Positiveimpact forinnovation and research througha higher price for carbon-
intensive productsand consequently a stimulusfor developing sustainable products;

e Increased jobs within the EU by avoiding substitution of EU production by third
country production;

e Higher consumer prices with potential risk of adverse distributional impacts;

e Someadditionaladministrative burden.

We conclude that, assuming that it stays fully WTO compatible, the CBAM has mostly positive
impacts, in particular for enabling more ambitious climate policies without compromising the
competitiveness of the EU industry and the associated jobs. The risk of adverse impacts through
higher consumer prices is the main drawback which can be mitigated through recycling of the
revenues of theinstrumentin a way that compensatesfor those impacts.

164 European Commission (2020) - Carbon Border Adjustment Mechanism - Inception Impact Assessment.

165 European Parliament (2021) - A WTO-compatible EU carbon border adjustment mechanism.
166 European Commission (2020) - Carbon Border Adjustment Mechanism - Inception Impact Assessment.

167 European Parliament (2021) - A WTO-compatible EU carbon border adjustment mechanism.
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5. Conclusions

The analyses in this report suggest that there is considerable scope for additional policy measures
to realise the energy transition in an efficient way. Thirteen key challenges need to be addressed,
including both energy supply and demand side measures and covering many sectors of the
economy. Therequired policy measuresto addressthose challenges are numerous and will require
strong and concertedaction at bothEU and Member State level.

EU leadership is crucial for policy measures related to strategy development and target setting as
moving forward in a coordinated and collective manner is key for establishing ambitious and
coherent national plans. The targets to reduce GHG emissions, increase renewable energy
generation and enhance energy efficiency are pivotal in this regard, as well as specific EU strategies
for developing public energy infrastructure and promising key technologies (e.g. batteries, power-
to-hydrogen, CCUS, offshore renewable energy). Furthermore, the possibility to support conaete
projects as (Important) Projects of Common (European) Interest can lead to an important EU
contribution to specific challenges of the energy transition. While the effectiveness of these policies
strongly depends on the specific policy measures implemented to achieve the targets, and is
therefore hard toisolate, we conclude thatnothaving EU coordinated strategiesand targetsin place
would lead to a significant cost of non-Europe.

EU actionis also crucial for effective carbon pricing, technical standardisation and energy markets’
integration. Furthermore, the EU can play an important role in co-funding public infrastructure,
reducing the cost of capital for sustainable investments, fundingRD&l and coordinating tax reform.
Key instruments in this contextinclude the EU Emissions Trading System, the Connecting Europe
Facility, the EU taxonomy for sustainable activitiesand Horizon Europe.

Furthermore, EU budgetary actionsand in particularthe requirement to dedicate a minimum share
ofthe EU budgets to climate-relevant topicsin combination with the significantsize of the MFF and
NextGenerationEU result in a considerable amount of additional EU funding that is directed to
sustainable investmentsin EU Member States.

Our macroeconomic assessment of a consistent package of policies to reach climate neutrality by
2050 (Net Zero Scenario) confirms thatthere are positive effects on both GDP and employment from
realising the energy transition to achieve climate-neutrality by 2050, in line with the ambitions set
out by the EU Green Deal (Table 5-1). The Net Zeroscenario is the only scenario that leads toclimate-
neutrality by 2050, througha combinationof policies implemented at both EU and MS level.

When we remove some of the key EU-driven policies, in particular carbon pricing and
measures that lower the cost of capital from the Net Zero Scenario, the EU fails to reach the
net zero target in 2050 and achieves slightly lower GDP and jobs growth than in the net zero
scenario.

Hence, the cost of non-Europe if those policies would not be implemented is a significant gap in
realising climate neutrality by 2050 and slightly lower economic growth.

When we remove the green public investment financed by the MFF and NextGenerationEU
from the Net Zero Scenario, the primary impact is that the EU again fails to reach climate
neutrality, with a similar GDP and employmentimpact as in the Net Zero Scenario.

Hence, the cost of non-Europe of the additional funding of green investmentsis a significant gap
in realising climate neutrality while having littleimpact on GDPand employment.
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Table 5-1: All scenarios: summary of economicimpacts

% difference from the baseline 2021 2030 2050
GDP

NetZero 0.7 3.2 3.0
Removing extended/intensified ETS 0.5 3.1 2.6
Removing EU extra funding 0.4 2.9 3.0

Carbon dioxide emissionreduction

NetZero -4.5 -43.1 -81.9

Removing extended/intensified ETS -3.6 -41.3 -68.6

Removing EU extra funding -1.8 -35.9 -66.4
Total employment

NetZero 0.2 0.9 1.1

Removing extended/intensified ETS 0.1 0.9 0.8

Removing EU extra funding

Absolute difference from the baseline 2021 2030 2050

GDP (Million euro)

NetZero 80763 443943 555564
Removing extended/intensified ETS 66421 425816 468752
Removing EU extra funding 53290 396840 545008

Carbon dioxide emission reduction (000s tonnes carbon)

NetZero -33933  -250735 -311476
Removing extended/intensified ETS -26914 -239915 -261064
Removing EU extra funding -13808 -208834 -252454

Total employment (‘000s)

NetZero 318 1912 2135
Removing extended/intensified ETS 234 1766 1393
Removing EU extra funding 319 1754 2132

Source: Cambridge Econometrics

A complementary literature review revealed the specific cost of non-Europe if additional EU
action to integrate energy markets and to stimulate RD&I in the energy sector would not be
implemented. Taking into account the different estimates, we conclude that additional benefits
ranging from €16 to €43 billion per year by 2030 could be achieved from furtherenergy markets’
integration, which rely primarily onEU action andis therefore fully considered a cost of non-Europe.
With regards to RD&Il we estimate that the cost of non-Europe of discontinuing Horizon Europe,
the primary EU instrument to stimulate RD&l, would roughly be around €113 billion lower
GDP growth over 25 years from EU R&l investment in this cluster (around €4.5 billion per year),
together with over 15 000 less jobs generated by 2027, and over 30 000 between 2027-2036. A
further cost of non-Europe could result from not implementing the proposed carbon border
adjustment mechanism. Such a WTO compliant mechanism is expected to have mostly positive
impacts, in particular for enabling more ambitious climate policies without compromising the
competitivenessof EU industry.
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Appendix A:About the E3SME model

Cambridge Econometrics’ E3ME model is a computer-based model of the world’s economic and
energy systems and the environment. It was originally developed through the European
Commission’s research framework programmes and is now widely used in Europe and beyond for
policy assessment. The model manual (Cambridge Econometrics, 2019) is available online at the
model website www.e3me.com.

The E3ME model provides an economic accounting framework that can be used to evaluate the
effects of economic shocks (in this case the policies required to reduce carbon emissions) on the
wider economy. Behavioural relationshipsin the model are estimated usingeconometric time-series
analysis based on a database that covers the period since 1970 annually. The main source of
European datais Eurostat.

Figure 5-1 shows how the three components (modules) of the model - energy, environment
(emissions and climate in the diagram) and economy - fit together. Each component is shown
separately in the diagram. Each data set has been constructed by statistical offices to conform with
accounting conventions. Exogenous factors coming from outside the modelling framework are
shown on the outside edge of the chart as inputsinto each component.

Figure 5-1:E3 linkagesin the E3ME model
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Source: Cambridge Econometrics.

A key feature of the E3BME is modelis its level of disaggregation. The modelis global but breaks the
world economy into 61 regions, including all EU Member States individually identified. Withineach
European country the economyis broken down into 69 sectors. The key sectorsin this proposal
aretheenergy-related sectors, but there may be secondaryimpactson any othersectors of the
economy.
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The E3ME baselineis consistent with the economicindicators that are comingfrom published
European Commissionforecasts (GDP, population, energy, andemissions) and theWorld Energy
Outlook from IEA. The calibrationis made in terms of growth ratesand not actual levels and is
doneat Member State level.

E3ME recognises thatthe transition to a low-carbon economy depends on the adoptionof new
technologies. The power, road transport,household heating and steel sectorsin E3ME are
represented usinga novel framework for the dynamic selection and diffusion ofinnovations,
initially developed by J.-F. Mercure, called FTT (Future Technology Transformations).These
technology sub-modulesare connectedto E3ME to provide energyand economicimpacts of low
carbon technologies.Example of FTT policies include:

e renewable subsidies and feeds-in-tariff

e carbontax

e carregistrationtax

e boilertax

e regulations (e.g.to limit lifetime of power plant, gasboiler regulation, petroland diesel ban)
o kick-start policies for new technologies.

FTT sub-modulesin E3ME

The transition to a low-carbon economy depends on the adoption of new technologies. It is
therefore crucial that any modelling of the transition includes a realistic treatment of technology
diffusion.

The power, road transport, steel and heating sectors in E3ME are represented using a novel
framework for the dynamic selection and diffusion of innovations, called FTT (Future Technology
Transformations).

The FTT sub-model is based on a decision-making core for investors who must choose between a
list of available technologies. ‘Levelised’ cost distributions (including capitaland running costs) are
fed into a set of pairwise comparisons, which are conceptually similarto a binary logit model.

The diffusion of technology follows a set of coupled non-linear differential equations, sometimes
called ‘Lotka-Volterra’ or ‘replicator dynamics’ equations, which represent the betterability of larger
or well-established technologies to capture the market (S-curve). The life expectancy of these
technologies s also an important factorin determiningthe speed of transition.

Due to learning-by-doing and increasing returns to adoption, FTT results in path-dependent
technology scenarios that arise from specific sectoral policies.

Thefollowing factors affect choice of technologies in FTT:

e Starting point (historical data) where a technology is on the S-curve of technology diffusion
and latest costs (e.g. reduction in wind and solar costs in the recent years)

e Levelized costs of technologies which can be affected by learning and spillovers (from other
countries), fuel prices, efficiency level.

e Non-market based policies such as regulations (e.g. coal and nuclear phase out, bans on
fossilfuel boilers), forcing a switch to other technologies

e Size of market e.g. total electricity demand, heat demand, steel demand or fleet demand.
The bigger the market size is for investors,and the more likely that expensive technologies
will becomeviable

e Policies affecting levelized cost of energy (LCOE) including carbon tax, subsidies, feeds-in-
tariffetc.
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Table 5-2: Technologies in FTTs

1 Nuclear

2Ol

3 Coal

4 Coal + CCS
51GCC

61GCC + CCS

7 CCGT

8 CCGT+CCS

9 Solid Biomass
10 SBiomass CCS
11 BIGCC

12 BIGCC +CCS
13 Biogas

14 Biogas + CCS
15 Tidal

16 Large Hydro
17 Onshore

18 Offshore

19 Solar PV
20CSP

21 Geothermal
22 Wave

23 Fuel Cells

24 CHP

1 Petrol Econ

2 Petrol Mid

3 Petrol Lux

4 Adv Petrol Econ
5 Adv Petrol Mid
6 Adv Petrol Lux
7 Diesel Econ

8 Diesel Mid

9 Diesel Lux

10 Adv Diesel Econ
11 Adv Diesel Mid
12 Adv Diesel Lux
13 LPGEcon

14 LPG Mid

15 LPG Lux

16 Hybrid Econ

17 Hybrid Mid

18 Hybrid Lux

19 Electric Econ
20 Electric Mid

21 Electric Lux

10il

2 Oil condensing

3 Gas

4 Gas condensing

5 Wood stove

6 Wood boiler

7 Coal

8 District heating

9 Electric

10 Heatpump Ground
11 Heatpump AirWater
12 Heatpump AirAir
13 SolarThermal

22 motorcycles Econ
23 motorcycles Lux

24 Adv motorcycles
Econ

25 Adv motorcycles Lux

Conv. BF - OHF

Conv. BF-BOF

Conv. BF -BOF (BB)
Conv. BF-BOF (CC9)
Conv. BF-BOF (CCS, BB)
BF TGR - BOF (CCY)

BF TGR - BOF (CCS, BB)
DR-gas - EAF

DR-gas - EAF (BB)
DR-gas - EAF (CCS)
DR-gas - EAF (CCS, BB)
DR-coal - EAF

DR-coal - EAF (BB)
DR-coal - EAF (CCS)
DR-coal - EAF (CCS, BB)
SR - BOF

SR-BOF (BB)

SR - BOF (CCYS)

SR - BOF (CCS, BB)

SR +-BOF

SR + - BOF (BB)

SR +-BOF (CCYS)

SR +-BOF (CCS, BB)

DR(H2) - EAF
MOE
Scrap - EAF

* BF = blast furnace, BOF = Basic Oxygen Furnace, EAF = The Electric Arc Furnace, TGR = Top Gas Recycling,
DR = Direct Reduction, SR = Smelting Reduction, SR + = Advanced Smelting reduction, CCS= CO2 removal
for use and storage, BB = Bio-Based, MOE = Molten Oxide Electrolysis,H2 = Hydrogen

Source: Cambridge Econometrics.
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The European Union's energy system is on a path of
transformation thatshould allow it toachieve a net-zero
emissions target by 2050. However, there are many
challenges ahead and achieving this target requires
making profound structural changes. In this context, the
present report, drafted at the request of the European
Parliament's Committee on Industry, Research and
Energy (ITRE), looks atwhat the consequences would be
if the EU does not take further ambitious and united
action in the transformation of its energy system. The
cost of non-Europe in this area is estimated at up to
5.6 % of EU GDPin 2050, and avoiding this will require
EU budgetary, regulatory and coordination action. The
benefits would be many, including averted
environmental costs and damage, and more
sustainable and prosperous societies emerging as a
result ofa just and fair transition.
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