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Preface

Dear reader,

in 2018, the EU has decided upon an climate and
energy framework up to 2030. The aim is to have

a clean, affordable and reliable energy system in
Europe. To that end, greenhouse gas emissions are

to decline by at least 40 percent below 1990 levels,
renewables are to deliver 32 percent of our energy
and efficiency is to improve by even 32.5 percent. But
what do these targets really mean? How will Europe's
energy system look like in 2030? Which aspects of
the transition are particularly important?

Against this background, we present you this
report as a basis to understand where we are head-
ing in Europe. For example, the overall renewables
target translates into a Europe-wide 57 percent
share of renewables in the power sector by 2030,
implying that wind and solar will shape Europe's
power system. And the greenhouse gas target

implies that coal will be cut by two thirds, oil and
gas by a quarter — asking for socially just concepts

for this transition.

The European Energy Transition 2030 is a political
project that concerns us all. It will demand European
politics to address key issues to make it happen. In
this report we suggest ten priorities and four flagship
initiatives. The report is complemented by a technical
document that translates the recommendations into

a concrete work plan for the new Parliament and the
new Commission.

I hope you find this report inspiring and enjoy the

read! Comments are very welcome.

Patrick Graichen,
Executive Director Agora Energiewende

Strategies for a cost-efficient transformation of the energy sectors by 2030
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summary

1. The 10 megatrends shaping tomorrow’s energy systems

1. Decarbonization challenge

As climate change accelerates, societal pressure to
act increases

2. Deflation of fossil fuel prices

Coal, oil and gas prices will remain low, but become
more volatile

3. Decrease in costs

Clean-energy technologies are becoming cheaper
than conventional and fossil technologies

4. Digitalization

Energy and transport systems are becoming smarter
and better networked

5. Electrification

The power, transport and heating sectors are
increasingly interconnected

6. Dominance of fixed costs

Future energy systems will be dominated by
investment costs

7. Influential cities

More people in cities means that urban decisions are
becoming more important for enabling low-carbon
lifestyles.

8. Demographic and economic change in rural areas
Many regions must cope with ageing and shrinking
populations and face shifting economic opportunities
9. Decentralization

Small-scale solutions enable but also require
proactive energy consumers

10. Interdependence

Progressive integration of European economies

and energy systems is demanding more coordination
between countries

2. A European clean-energy transition based on solidarity, security, competitiveness, and innovation

Advancing the European clean-energy transition is
a task that primarily falls to national and regional
governments. No national energy transition will
be exactly alike. Irrespective of these differences,
all Member States must find solutions for pursuing

the same set of objectives over the next decade.
On the way, strong EU-level action will be needed
to help resolve issues related to solidarity, to the
security of energy supply and energy systems, to
competitiveness, and to innovation.

3. Strategies for a cost-efficient energy transition by 2030
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4. The benefits of a just and clean European energy transition outweigh the costs if properly

planned and managed. - Key Findings

1. The clean-energy transition will require
considerable investment, but its costs will be
comparable with those of the current energy
system

2. The clean-energy transition will increase GDP and
employment

3. The shift to renewables and energy efficiency
increases energy security

4. Avoided health costs more than outweigh the
additional costs of an energy transition

5. Meeting 2030 targets will not raise household
expenses relative to the reference scenario

6. Overall industrial competitiveness is not at risk
but energy- and trade-intensive branches need
support

5. Ten Priorities for the next European Parliament and the next European Commission to deliver

what is agreed and to accelerate where possible

Priority 1
A vibrant action framework for 2030: Kickstarting
and supporting implementation at the national level

Priority 2
A state aid framework that enables and advances
Europe’s clean-energy transition

Priority 3
A shadow price on carbon emissions to guide infra-
structure planning and investment decisions

Priority 4
Reducing emissions from individual mobility: An
early and ambitious review of CO, standards for cars

Priority 5
Reducing emissions from heavy transport by raising
ambition and increasing member state flexibility

Priority 6
Opening up a pathway to decarbonize aviation and
shipping fuels

Priority 7
A strong, competitive, and sustainable battery
industry in Europe

Priority 8
Establish the foundation for a scalable green
hydrogen economy

Priority 9
“Buy Clean Europe”: Create lead markets for
zero-carbon cement and steel

Priority 10
Prioritize the energy transition in the new European
budget for 2021-2027

6. Four Implementation Flagship Initiatives that address the social dimension of the energy
transition and break through existing bottlenecks

Initiative 1
Renovate 1 million buildings by 2025 on an industrial
scale

Initiative 2
Add 10 million solar roof-tops by 2025

Initiative 3

Support at least 100 cities in Europe to initiate
the decarbonization of their heating and cooling
networks by 2025

Initiative 4
Support a just transition in coal regions

7. Stepping up the EU’s climate ambitions: The pathway to Net-Zero Europe

Europe should commit to @ 50% reduction in greenhouse gases relative to 1990 levels, with up to 4% through
international cooperation under Article 6 of the Paris Agreement.
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Introduction

In December 2015 at the Paris Climate Conference,
the EU was part of the "high ambition coalition” that
successfully pushed for the adoption of a global,
legally binding target for stabilising climate change
“well below 2 °C above pre-industrial levels” as well
as for "efforts to limit the temperature increase to

1.5 °C above pre-industrial levels.” The Intergovern-
mental Panel on Climate Change released a special
scientific report end of 2018 that determines that net
zero emissions by 2050 are necessary for stabilising
rising temperature-levels at below 2 degrees Celsius,
thereby avoiding the worst and dangerous impacts of

a changing climate system.

Over the course of 2014-2018, the governments of
Europe and representatives of the European Parlia-
ment adopted a comprehensive set of EU laws setting
new, legally binding targets for climate and energy
policy in Europe in a 2030 perspective. By 2030, the
Member States of the European Union will: 1) reduce
their greenhouse gas emissions by 40 percent com-
pared to 1990 levels; 2) increase the energy efficiency
of their economies by 32.5 percent compared to a
2007 baseline; and 3) increase the share of renewable
energies in final energy consumption from roughly
20 percent today, to 32 percent in 2030. Furthermore,
in November 2018 the European Commission pre-
sented the analytical foundation for the development
of an EU Long Term Strategy for climate and energy
policy and a political vision for achieving a Net Zero
economy by 2050.

Simply put, these headline commitments for 2030, the
aspirational goals for 2050 and the new legal frame-
work mean that Europe as a continent has embarked
on a clean energy transition based on an efficient use
of energy and a progressive decarbonization of the
energy supply. This report describes the "big picture”
that emerges when looking at where we stand today,
where we need to be in 2030, and what we need to do
to get there.

Chapter 2 describes the mega-trends which drive
the energy system, such as digitisation, automation
or falling costs of clean energy technologies. They
will shape the context in which the energy transition
takes place.

Chapter 3 makes the case for a strong European
Union to help citizens and governments to cope with
concrete issues that will arise in implementation and
devise innovative solutions for new issues that will

arise on the way.

Chapter 4 and Chapter 5 describes comprehensively
how today's energy system (power, buildings, trans-
port as well as the industry sector) will change to be
consistent with the 2030 climate and energy targets,
as well as what it will mean in terms of investments,
costs and benefits for industry, households and the
EU economy as a whole.

Chapter 6 gives an overview on the EU "5 2030 cli-
mate and energy framework adopted over the course
of 2016 to 2019 and highlights the main implementa-
tion challenges at the national level and the EU level.

Chapter 7 presents ten EU-level initiatives (3 on
implementation, 3 on transport, 3 on industry, 1 on
the next EU budget) to decisively advance Europe's
clean energy transition.

Finally, Chapter 8 highlights the important role
that early, strong and decisive domestic action for
advancing a just and clean European Energy Tran-
sition will play in creating the political foundation
for the EU committing to further raise its climate &
energy ambition in 2020.




Agora Energiewende | European Energy Transition 2030: The Big Picture

10



IMPULSE | European Energy Transition 2030: The Big Picture

1  The 10 megatrends shaping tomorrow’s
energy system

Within the space of a few years, the energy transition 1. Decarbonization challenge
has become a global phenomenon affecting energy
supply structures and the way citizens and compa- 2. Deflation of fossil fuel prices
nies can contribute to rapid decarbonization. The
power sector is leading the way through the tran- 3. Decreasein costs
sition as solar and wind power increasingly replace
coal, natural gas, and nuclear energy as the world's 4. Digitalization
main energy sources.!
5. Electrification
The energy transition is shaped, enabled, and con-
strained by overarching “megatrends”. By this we 6. Dominance of fixed costs
mean physical, technological, societal, and economic
factors that are largely outside the control of national 7. Influential cities
decision-making. Governments or companies must
decide how to respond to these trends. They may 8. Demographic and economic change in rural areas
speed up change that results from these trends
("riding the wave") or seek to delay theirimpactonthe 9. Decentralization
status quo. No country or company is able to insulate
itself from these megatrends; all must find ways and 10. Interdependence
strategies to cope with them.

The existence of megatrends does not mean that each
country in Europe is impacted in the same way at the
same time. National energy systems differ quite sig-
nificantly, depending on natural endowments, past
energy policy choices, or specific regulatory tradi-
tions. However, understanding these megatrends is
crucial for meeting specific energy policy goals in
specific European, regional, national, and local con-
texts.

The following ten energy transition megatrends
shape, enable and constrain policy choices on climate
and energy in Europe:

L
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11 Decarbonization challenge: As climate change
accelerates, societal pressure to act increases

The planet is now 1 °C warmer than before indus-
trialization.? At the 2015 UN Climate Conference in
Paris, the global community agreed to limit the rise

in the planet's surface temperature to "well below

2 °C" by reducing greenhouse gas emissions. So far,
national pledges to reduce emissions cover only about
one-third of the reductions needed to reach the Paris
goal.?

At the same time, across the globe, people have started
to experience the impacts of climate change: rising
sea levels, floods, droughts, the extinction of animal
and plant species, and regional food shortages. The
projected effects of a changing climate on the earth

system and on society differ dramatically whether
temperature increase is limited to 1.5, to 2, or to 2.5 °C.
Even every tenth of a degree makes a noticeable dif-
ference.

The already visible impacts of climate change
together with growing awareness of the looming
climate crisis have increased the pressure to act,
regardless of the political system. Citizens as well as
businesses and investors are demanding effective
measures for the rapid decarbonization of today's
energy systems. Often, such demands coincide with
pressure to reduce air pollution from cars, coal power
stations, and industrial facilities.

Climate change is real: since 1970 the rate of global warming has accelerated,

and since 1980 extreme weather events have tripled
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1.2 Deflation of fossil fuel prices: Coal, oil and gas
prices will remain low, but become more volatile

For decades, it was assumed that the prices of fossil
fuels would continuously rise as demand increased
and global reserves progressively depleted. Since
2014, prices for coal, oil, and natural gas have mod-
erated. There are three reasons to believe that this
reflects a deeper structural shift, and that prices for
coal, oil, and gas will remain relatively inexpensive
over the next years and decades:

- Today, the de facto upper price limit for oil and
natural gas is no longer set by expensive deep-sea
drilling, but by the much lower costs of opening
new reserves of shale oil and gas.

- The continuously decreasing costs of wind turbines
and PV installations also create an upper price limit
for coal and natural gas, as the operators of coal-

Fossil fuel price projections forecast low to moderate price levels to 2030
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and gas-fired power plants need low commodity
prices to compete with renewable energy.

- There is no shortage of fossil fuels. On the contrary,
abundant quantities still exist. This is because large
shares of the planet's remaining reserves of coal
(80%), natural gas (50%) and oil (30%) will have to
remain below the ground if the rise in global tem-
perature is to stay under 2 °C or less.*

Clearly, market developments and political events
may lead to spikes in fossil fuel prices. However, such
spikes will be fairly short. Hence, we expect volatility
to increase, but - like the World Bank — we believe
that base-level pricing for coal, oil, and gas will
remain at current levels.

Figure 2
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1.3 Decrease in costs: Clean-energy technologies
are becoming cheaper than conventional and

fossil technologies

The cost of electricity generated by wind and solar
power plants has drastically decreased in recent years.
In more and more world regions, power from new wind
and solar projects now costs less than power gener-
ated by new coal-fired, gas-fired, or nuclear power
plants. In 2017, global average costs were 5 cents per
kilowatt hour for new onshore wind projects and

8 cents per kilowatt hour for large-scale solar farms.
The outcomes of competitive tenders for projects to be
realized over the next years show that costs will fall
further. Global solar and wind tenders have resulted in
prices of under 3 cents per kilowatt hour,® and vari-
ous EU Member States have seen bids below 5 cents.
Soon building new wind and solar projects in the EU
will become cheaper than operating existing fossil fuel
plants, signalling a key economic tipping point.°

Cost reductions in major clean-energy technologies from 2008-2017

20%
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-100%
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=== \\ind ==0== PV residental
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A similar drop in costs has occurred for batter-

ies. In the past seven years, the costs of lithium-ion
units have fallen by over 70% to around 200 euros
per kilowatt hour. As a result, electric vehicles are
now taking off in the mass market. Within the next
years, the end-consumer price of a fully electric mid-
size car is projected to fall below the end-consumer
price of internal combustion cars, which represents
another economic tipping point.” What is more, wind
and solar power projects combined with storage are
becoming competitive.

All projections suggest that these key energy tran-
sition technologies will continue to become cheaper
in the future. An affordable energy-system based on
clean-energy technologies is within reach.

Figure 3
——
-71%
-94%
2013 2014 2015 2016 2017
PV utility scale EV Batteries LED
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1.4 Digitalization: Energy and transport systems
are becoming smarter and better networked

Modern information and communication technol-
ogies and new business models building on digi-

tal technology are revolutionizing the energy and
transport industries. Digitalization is indeed a key
enabler of the energy transition because it allows the
co-ordination of supply and demand in real time. The
sharing economy enables consumers to use cars and
bikes with unprecedented convenience. Smart home
systems optimize the use of rooftop solar installa-
tions, heating systems, battery storage, and electric
vehicle charging and thereby help integrate renewa-
bles into the power grid. Value creation in the energy
and transport sectors no longer comes from the sale
of kilowatt hours, fuel or automobiles alone, but

increasingly also from data-driven energy services.®

Digital technology will enable the integration of the power, heating and transport sectors
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In the future, self-driving cars, peer-to-peer trading
and Al-based grid monitoring will become part of the
picture.

Digitalization creates opportunities but also chal-
lenges. Regulators must adapt laws to a fast-chang-
ing technological environment. They have to protect
consumers' personal data and make sure the future
energy system is resilient to cyber-attacks. It is

also important to avoid unintended rebound effects.
For example, autonomous electric cars significantly
reduce carbon emissions and air pollution. But lower
transport costs could also lead to increased road
transport activity and increased congestion.®
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1.5 Electrification: The power, transport, and
heating sectors are increasingly interconnected

For the most part, power, transport, and heating have
traditionally relied on separate infrastructures and
different fuels. As a result, separate regulations and
taxation regimes govern each energy use. Electrifica-
tion is tearing down these sectoral barriers.

Electrification is often the most cost-effective
approach for decarbonizing the transport and heat-
ing sectors. Leading examples are the increased use
of electric vehicles in transport and of electric heat
pumps in buildings. Indirect electrification, based

on green electrofuels, is an important option in areas
where direct electrification runs into technical diffi-
culties, such as for heavy duty road freight, shipping,
aviation and some industrial processes.

Combined with digitalization, electrification is open-
ing many new opportunities for reliably linking power
generation in the electricity system to energy demand

Electrification is the key driver of a stronger coupling of power, heat and transport systems

Heating

To &8
=N

Agora Energiewende

in transport, buildings, and industry. This helps with
the energy system integration of variable renewa-

ble electricity. For example, power-to-heat can take
in excess power on days with lots of wind and sun,
while electric vehicle batteries can feed electricity
back to the grid in hours of scarcity. The gas grid could
become another key element in system integration,
enabling the long-term storage of electrofuels (pro-
vided that their costs can be reduced).°

At the same time, electrification creates new chal-
lenges for power system planning, which must factor
in the effects of electrification on the dimensioning of
the power system and for ensuring supply security. As
electromobility, heat pumps and electrolyzers for green
hydrogen production become more widely used, they
can push up overall electricity consumption and peak
demand, reinforcing the need for efficient power use
and increasing the urgency of expanding renewables.

Figure 5

Demand

Supply
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1.6 Dominance of fixed costs: Future energy sys-
tems will be dominated by investment costs

The energy transition rests on technologies char-
acterized by high shares of up-front investment
costs and low shares of operating costs. This goes for
renewable power installations like wind, solar PV, and
hydro, but also for batteries, electric vehicles, charg-
ing infrastructures, power grids and energy effi-
ciency investments. The dominance of fixed costs
fundamentally changes the financing structure of the
energy system. Hence, to keep financing costs low
requires measures that reduce the economic risk of
changes in domestic political, administrative or mar-
ket conditions. At the same time, clean-energy alter-
natives have much lower and less volatile operating
costs than the current energy system that is domi-
nated by fossil fuels. A clean-energy system is there-
fore much less vulnerable to external pressure, be it
from changes in international fuel markets or from
international political events.

The dominance of fixed costs presents a challenge to
established markets and business models. For exam-
ple, traditional electricity markets were designed to
minimize the costs of conventional power: in any
single hour, the least expensive set of power plants

is chosen based on operating costs. The plant with
the highest operating cost sets the price for all. In the
past, this ensured that fuel costs were minimized and
power plants could recover their investment costs.
Today, power prices are increasingly determined by
solar and wind with close to zero operational costs.
This lowers wholesale prices, but may require a new
power market design in the future. High up-front
costs may also pose social challenges as poorer groups
of society may not have sufficient savings to invest
in new electric cars or in energy efficiency measures
for their homes.

Renewables feature high fixed costs compared to conventional technologies,

with the exception of nuclear

100

Power generation costs (LCOE), 2020 [%]
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1.7

Influential cities: More people in big cities means

that urban decisions are becoming more impor-
tant for enabling low-carbon lifestyles.

Almost three-quarters of the EU's total population
already lives in urban areas and population growth in
cities and suburbs is outpacing the national average.
Large metropolitan areas that offer most economic
opportunities are growing particularly fast.* The
resulting increase in traffic, industrial activity and

infrastructure amplify environmental challenges.

Yet, in tackling these challenges, cities are becoming
laboratories for low-carbon lifestyles and for elec-
trification. Novel mobility solutions such as car, bike
or ride sharing or cargo bike deliveries are easiest to
implement in cities where shorter distances allow
forlife without private car ownership. Cities are also
key markets for electric vehicles. These concepts are
increasingly part of urban planning, as they increase
quality of life by freeing up public space, reduc-

Cities are key players in climate action and home to a large share of the EU population

ing noise, pollution, and accidents. The proximity of
industrial facilities and buildings also allows for dis-
tributing waste heat from factories through district
heating networks. Smaller heat networks fuelled by
renewables, heat pumps, and cogeneration enable the
creation of new, zero-carbon neighbourhoods.

Increasingly, city governments are also asserting
their growing relevance with decisions that influence
policy-making at the national level. Examples include
Paris'ban on diesel cars in the city centre by 2030,
Oslo's comprehensive measures to support electric
vehicles and New York City's decision to divest its
fossil fuel-linked investments.

Figure 7
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1.8 Demographic and economic change in rural
areas: Energy transition chances and challenges

Ageing and shrinking populations are distressing the
social fabric of many rural areas in Europe. Yet with
the spread of wind and solar power generation and
the production of renewable gases, the energy tran-
sition will offer new economic opportunities for rural
areas, especially those whose solar and wind poten-
tials are high. At the same time, the energy transition
will also exacerbate existing rural challenges such as
the downsizing of coal-fired power production and
the loss of well-paid jobs in the coal-mining industry.
Additionally, new wind onshore installations in some
parts of Europe face local opposition due to concerns
about landscape disfigurement.

If the transition to clean-energy is to win broad-based

social acceptance, strategies must be developed that

Demographic change in the EU between 2011 and 2016: % change in urban and rural areas
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anticipate and, where necessary, mitigate its impact
on rural populations. The gilet jaune movement that
erupted at the end of 2018 in France has shown that
the political neglect of distributional effects — in this
case, of a planned fuel tax - can undermine the public
acceptance of a policy instrument long called for by
climate and energy experts. By contrast, Spain's suc-
cessful coal phase-out agreement shows that proper
planning and intense dialogue with rural stakeholders
can help regional representatives and trade union offi-
cials embrace effective climate protection strategies.

Rural areas will therefore play a pivotal role in the
social acceptance of the energy transition. Only if

populations in rural areas see benefits instead of
merely higher costs will the energy transition succeed.

Figure 8
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1.9 Decentralization: Small-scale solutions enable
but also require proactive energy consumers

In the traditional business model, a small number of
companies organized as monopolies plan the electric-
ity system from the top down and transport electric-
ity from their own power plants via their own grids to
end-consumers. Heating and gas networks also still

largely rely on a small number of centralized producers.

The liberalization of electricity markets in Europe
and the introduction of millions of renewable energy
plants has upended this system. The model of the
future is decentralized. In it, producers both large
and small generate electricity or heat at every level of
the grid. So-called prosumers directly consume the
energy they produce. And thanks to digitalization,

distributed electricity demand applications such as
electric cars or heat pumps can be used as resources
to integrate variable and decentralized wind and solar
electricity production.

In this system, consumers are active agents of the
energy transition. Its success will depend on their
investment decisions, their willingness to adopt new
technologies and mobility services, and their accept-
ance of energy infrastructure. If citizens and commu-
nities are to become the active agents we need, they
must have a say in planning while seeing the benefits
of the energy transition for themselves.

The power system’s “one-way street” is replaced by a decentralised,

networked structure

Conventional power system >
Centralised Individual consumers

voltage

Figure 9
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110 Interdependence: Progressive integration of
European economies and energy systems is de-
manding more coordination between countries

The single market lies at the heart of the European
project and supports the free movement of peo-

ple, goods, services, and capital. The single mar-

ket has continuously deepened economic inte-
gration between Member States, including trade

in energy. Although some regional fragmentation
remains, energy market integration in the EU has
made impressive progress: Nearly all Member States
now have access to at least two sources of gas and
17 Member States have installed electricity inter-
connectors with a capacity equal to at least 10%

of the country's total power generation capacity.*?
Cross-border links enable power market coupling and
the convergence of wholesale power prices. Further

Net physical electricity flows between countries (TWh) in 2018
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integration will improve the EU's resilience to elec-
tricity and gas supply shocks, support the use of var-
iable wind and solar power, and provide a better deal
for consumers through increased competition.

But greater integration also requires the proper man-
agement of the many interdependencies that result.
Increasingly, national energy policies affect neigh-
bouring countries - such as the coal and nuclear
phase-outs under discussion in Germany and France®®
or state taxes on cars — and can have distributional
effects. That is why enhanced co-ordination of
national energy policies will be a key factor in making
Europe's energy transition a success.
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2 A European energy transition based on solidar-
ity, security, competitiveness, and innovation

The EU's 2030 climate and energy targets seek a
European energy transition based on greater energy
efficiency and the gradual phase-out of fossil fuels

in favour of low emission and carbon-neutral energy
sources (Chapter 3 describes the phase-out in more
detail). Advancing the European energy transition is a
task that primarily falls to the Member States, and no
national energy transition will be exactly alike. Each
starts with different conditions regarding, say, energy
mix make-up, renewable energy potential, and build-
ing stock. But irrespective of these differences, all

Overlapping priorities and effective policies for a just and clean European energy transition

Member States must finds solutions for pursuing the
same set of objectives over the next decade.

Achieving these objectives will not be easy, and
challenges will arise. Strong EU-level action will be
needed to help resolve issues related to solidarity, to
the security of energy supply and energy systems,

to competitiveness, and to innovation. While meet-
ing its climate protection targets Europe must not lose
sight of these public policy concerns. ( See Figure 11.)

Figure 1

Just & clean
European

energy
transition

Authors’ own illustration
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Solidarity

Energy transition policies are one driver of social and
economic change. But as the recent protests by the
gilet jaune movement in France have shown, deci-
sion-makers must also address the social and distri-
butional impacts of clean-energy policies, particu-
larly their effect on the less affluent. Moreover, it is
important that officials explain and emphasize the
concrete benefits of the energy transition (e.g., new
jobs, cleaner air). These steps will increase the legiti-
macy and public acceptance of the energy transition.

EU-level measures are important for ensuring that
the costs of the European energy transition are dis-
tributed fairly and that its benefits accrue equally to
everyone. Some examples:

- Akey priority for reducing carbon emissions in
the buildings sector is energy efficiency retrofit-
ting and the replacement of fossil fuel-based home
heating systems with low-carbon alternatives (see
Chapter 3.3). Due to the high up-front costs of ret-
rofits, many homeowners will need public finan-
cial incentives or aid to undertake them. This is
particularly true for lower income households that
do not have sufficient savings. For Member States
with lower levels of per capita GDP, EU funds make
up a significant share of public investment — more
than two-thirds in some cases. These countries
will seek to make financial incentives for home-
owners using EU funding. Without dedicated sup-
port from the EU, it will be hard to accelerate the
rate of residential building renovations throughout
all of Europe.

- By 2030, there will need to be at least 40 million
electric vehicles on the road in Europe and at least
4 million publicly accessible recharging points.
Achieving this will require annual investments
totaling 2.7 to 3.8 billion euros per year from 2021*
(see Chapter 3.6). Judging from the current plans
of Member States, the roll-out of electric cars will
likely happen in three distinct waves: the first
will occur in western Europe and Scandinavian

countries in the early 2020s, followed by south-
ern Europe (Spain, Portugal, Italy, and Slovenia)
in the mid-2020s and central and eastern Europe
by the end of the decade (with the emergence of

a second-hand market for electric vehicles). It is
important the EU supports the creation of a public
charging infrastructure throughout Europe, lest
electric car owners be left stranded in countries
and regions where electrification still lags behind
and privately funded infrastructure is not yet a
viable business model.

- By 2030, Europe will need to reduce its use of
coal in the power sector by two thirds (see Chap-
ter 3.2). Currently, 41 regions in 12 Member States
rely heavily on economic revenues from coal min-
ing and coal use. The industry directly employs
around 185,000 people across the EU. In December
2017, the European Commission launched the Coal
Regions in Transition Platform to foster dialogue
between governments and stakeholders in affected
regions and to facilitate the modernization of the
structural and economic changes that will result
from a coal phase-out.

Security

Maintaining a high level of energy security is a funda-
mental objective of all energy policy. Energy security
has two dimensions: energy supply security, i.e. the
reliable access to energy, and power system secu-

rity, i.e. the reliable operation of the power system.

As Europe’s energy market becomes more integrated,
maintaining energy security will increasingly have to
occur at the regional or EU-wide level. Some examples:

- Asits domestic fossil fuel production has declined,
the EU has become more dependent on fossil
fuel imports. This makes Europe vulnerable to
increasingly volatile market prices for fossil fuels
- see megatrend 1.2 — and puts it at risk for sup-
ply shortages. This is particularly true of natural
gas. For example, Russia provides 42% of EU gas
imports and is the sole supplier to nine Member
States.’® The 2014 gas crisis between Russia and
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the Ukraine affected gas imports to some countries
in Eastern Europe. In response, the EU allocated
significant funds to a number of infrastructure
projects. These created at least two entry points for
pipeline gas in every Member State, strengthened
the EU's internal gas network, enabled the reverse
flow of gas from west to east, and constructed
additional terminals for importing liquified natu-
ral gas. They also required Gazprom to sell its gas
freely in the EU’s single market. In the medium

to long term, the European energy transition will
shift production to renewable energy sources and
reduce energy consumption. Together, these factors
lower the EU's dependence on fossil fuel imports
and reduce its economic vulnerability to volatile
fossil fuel prices and its political vulnerability to
gas supply disruptions.

Increasingly interconnected power markets in
Europe will provide electricity supply security at
alower cost to taxpayers and consumers. EU laws
have established the "software” for electricity trad-
ing across borders and for the integration of inter-
mittent renewable electricity from wind and solar
PV. But EU laws and financial support have also
been instrumental for upgrading the power system
‘hardware. They established concrete targets for
interconnection capacity between Member States
and expedited the construction of transmission
lines needed to operate an integrated trans-Euro-
pean power network. The recently adopted Clean
Energy for All Europeans package defines addi-
tional important steps. These include the use of

a European resource adequacy assessment for
determining whether Member States have enough
collective generating capacity to ensure reliable
power supply in times of high electricity demand
and avoid outages. Furthermore, it requires Mem-
ber States to work together to devise regional risk
preparedness plans and obliges transmission sys-
tem operators to strengthen regional power grid
coordination.

Digitalization enables the evolution of more
integrated and smarter energy systems. (See
megatrend 1.4.) But it also increases the risk of

cyberattacks and the theft of private personal
data. The EU's General Data Protection Regu-
lation entered into force in May of 2018 and is
widely regarded as one of the most comprehensive
and advanced privacy protection systems in the
world. It allows all EU citizens to determine who
accesses their personal data and how it is used.
These fundamental rights also apply to the increas-
ingly "smart” energy world and must be respected
by companies throughout Europe, including tech
giants such as Google, Facebook, and Amazon.

As for cybersecurity, EU laws already establish

a common framework for ensuring that Member
States and other actors cooperate across borders
in preventing cyberattacks.’® The European Cyber
Security Agency provides independent expertise
for the support of Member States. Moreover, a new
European framework for certifying products and
services as "cybersecure” will ensure that citizens
throughout Europe benefit from the same advanced
cybersecurity standards.

Competitiveness and Innovation

The economic and political success of the European
energy transition will closely depend on the ability
of European companies to be leading innovators at
home and abroad. In some areas of the energy tran-
sition (e.g. the power system integration of wind and
solar) Europe is among the leading regions worldwide,
providing many export opportunities for new tech-
nologies and services. Europe is also home to pow-
erful industries (cars, chemicals, etc.) that will need
to invest in low-carbon technologies in the coming
years to ensure their competitiveness in a net-zero
economy. Political decision-makers will need to sup-
port the political and economic conditions that facil-
itate and foster these changes. The EU-level frame-

work is critical in this context. Some examples:

- The EU has the largest market in the world with
500 million consumers. Furthermore, European
institutions have worked to create and standard-
ize a level playing field for companies active in
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Europe. A European energy transition will create
leading markets for related products, services, and
skills. European standards ensure that all compa-
nies active in the EU single market comply with
the same basic requirements. Early standardization
in Europe (for smart meters, cybersecurity design,
charging stations, wind blade design, etc.) will
make the EU the main reference point for compa-
nies overseas that plan to do business in Europe.?’
Complementing the strong push-and-pull effect of
the EU's single market is the decision of countries
in Europe to speak and act with a single, unified
voice in their international economic relations.'®
This is particularly important when dealing with
major competitors such as China or the United
States of America.
European treaties give the European Commis-
sion a powerful mandate to regulate the EU's single
market. This is particularly important for compa-
nies that incur significant additional costs through
energy transition policies while facing stiff
international competition. For example, energy-
intensive companies are frequently exempted from
levies that finance renewable energy infrastruc-
ture. The direct economic benefits that result from
such exemptions count as state aid. Under EU State
Aid rules these exemptions must, therefore, first be
approved by the European Commission. EU State
Aid and EU competition laws frequently come
into play when seeking to scale nascent markets
for energy transition products and services such
as green hydrogen (see measures 6.2 and 6.6-
6.9 below).
The EU's multiannual budget is important for
advancing innovation that enables and accelerates
the European energy transition. The EU research
budget for the 2014-2020 period (Horizon 2020)
stands at 77 billion euros®. The proposed new EU
research budget for the 2021-2027 period (Horizon
Europe) will likely be significantly larger, at around
100 billion euros. Furthermore, it will
(i) earmark alarger share of research grants for
climate protection and energy transition,

(ii) include dedicated “research missions” to focus
EU funding around specific global challenges
(including climate change), and

(iii) broaden the scope of funding beyond academic
research by means of a new financing instru-
ment that reduces the risks of companies that
move highly innovative products from an
advanced development stage to the market
(i.e., bridging the so-called valley of death).
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3
a snapshot

The European energy transition in 2030:

The Paris Agreement calls for an early peak in emis-
sions, followed by a decline to net-zero emissions in
the second half of the century. In November 2018, the
European Commission released a Communication on an
EU Long Term Strategy for decarbonizing the European
economy, which explores strategies to achieve "carbon
neutrality” in Europe by 2050. The long-term pathways
assessed by the Commission would result in emis-
sions reductions ranging from 80% (from 1990 levels)
up to net zero emissions by 2050.%° This will require a
sweeping transformation of the energy system, involv-
ing nothingless than a complete redesign of the power,
buildings, transport and industry sectors sectors.

Greenhouse gas emissions from 1990-2015 and in 2030 and 2050 target scenarios

2030 is an important milestone in the European
energy transition, which ultimately aims to achieve a
carbon neutral economy. The analysis accompanying
the EU Long Term Strategy shows that the respective
energy efficiency and renewables targets of 32.5%
and 32% in the EU's 2030 framework would lead to
greenhouse gas emissions reductions of 46% below
1990 levels by 2030 - significantly beyond the offi-
cially agreed reductions target of 40%.2' On the basis
of the latest scenarios, the following sections show
what the 2030 targets actually mean: how our elec-
tricity demand will be met, how we will provide heat-
ing & cooling, and how we will move around.

Figure 12
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3.1

Strategies for the cost-effective transforma-

tion of the different energy sectors by 2030

Energy consumption has remained stable since 1990.
While coal consumption has nearly halved, consump-
tion of renewables has tripled, and gas and nuclear
consumption has also increased. Where renewables
are concerned, hydropower has remained stable, bio-
mass consumption has tripled, and wind and solar
have gone from being marginal energy sources to key
elements of the power system.

In 2015, the EU consumed roughly 1,630 Mtoe of
energy, 94% of which was accounted for by energy
production and the remaining 6% by non-energy-re-
lated uses (such as the chemicals sector). Fossil fuels
supplied roughly three quarters of the total energy
consumed.?? The remainder was provided in almost
equal parts by nuclear (14%) and renewable energy
sources (13%). Coal accounts for around a quarter

of the EU's electricity and heat generation, but for
nearly three quarters of its CO, emissions. Oil makes
up 94% of final energy consumption in the transport
sector and nearly all transport-related emissions. Gas
accounts for one third of final energy consumption in
buildings, but for nearly two thirds of emissions. At
the point of combustion, bioenergy emits the equiv-
alent of 14% of the EU's energy-related CO, emis-
sions. These emissions are not included in the over-
all account, however, in order to reflect the plants'
absorption of CO, during growth.

There are significant transformation and produc-
tion losses among fossil fuels and nuclear. Two thirds
of primary nuclear energy, for example, is lost. On
account of these conversion losses, only 72% of all
primary energy can be used by end consumers.
Around half of all final energy is used for heating,
while a third is used for transport fuels, and a fifth for
electricity.

A four-pronged approach: increase effi-
ciency, expand renewables, electrify end-
uses, and initiate a coal and oil phase-out

How can we cost-effectively meet the EU's 2030 cli-
mate & energy targets and set out on a path toward
deep decarbonisation by 20507 The Commission's
analyses for the EU Long Term Strategy and numer-
ous other studies identify the following strategies as
indispensable building blocks:

1. Increase energy efficiency

Energy efficiency is the key to successfully decar-
bonizing the power, heating, and transport sectors.
Attempting to reach the EU's climate and energy
targets without it would not only be more expen-
sive, but could also encounter public resistance given
the additional clean energy supply that would be
required. In comparison with 2015, the EU will need
to cut its energy consumption by around 17% by 2030
(or around 26% against 2005 levels).2® The buildings
sector will play a particularly important role here.
After 2030, energy efficiency will need to continue
to increase at a significant rate. Consumption will
need to fall by at least a third and may even need to be
halved by 2050 to achieve deep decarbonisation.?*

2. Scale up the deployment of renewables

The second pillar of the energy transition consists in
the massive deployment of renewable energy. By 2030,
the proportion of the EU's gross inland energy con-
sumption accounted for by renewables needs to almost
double to 25% (in 2015, renewables accounted for 12.4%
of consumption).*® Wind and solar both need to triple,
and will then account for just over half of the increase
in renewables production. In the Commission's sce-
narios, biomass will grow by less than 50% in relative
terms, but will see the greatest increases in absolute
terms. Hydro and geothermal will grow slightly.
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Renewables will play a particularly dominant role in
the power sector, but will also be increasingly used in
heating & cooling and transport. Deep decarbonisa-
tion will not only be facilitated via the direct elec-
trification of buildings, transport, and industry with
renewable power, but also by the direct use of renew-
ables such as solar thermal, geothermal, and biomass
in heating & cooling and advanced biofuels in trans-
port (primarily for aviation and shipping purposes).
Penetration levels for biomass-based renewables are
nonetheless limited by their economic and produc-
tion potential, the constraints involved in sustainably
supplying them, and competing uses in non-energy-
related, industrial applications (such as wood and
bio-feedstock). Instead, renewable gaseous fuels, i.e.
biogas, biomethane and green electrofuels generated
from renewable electricity, could play an increasingly
important role across sectors. After 2030 in par-
ticular, they will have a key role in enabling a carbon
neutral Europe by 2050.

Strategies for a cost-efficient transformation of the energy sectors by 2030

2015 Strategies
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3. Maximize electricity usage and electrify
nearly everything
As electricity increasingly becomes a cheap
zero-carbon energy carrier, the transformation of
the power sector provides a major opportunity to
decarbonize other sectors as well. The electrifica-
tion of these areas can either take place through the
direct use of electricity (in heat pumps, power-to-
heat, electric vehicles, and electrified rail) or indi-
rectly through the production of electrofuels, par-
ticularly green hydrogen. In this way, the large-scale
deployment of renewables will lead to the increas-
ing electrification of our economy. As a share of
final energy demand, electricity will grow from 21%
in 2015 to 28% in 2030, and will at least double by
2050.28 It will also facilitate the growing integra-
tion of the power, buildings, transport, and industrial
sectors, so that the lines between them first fade and
eventually disappear.

Figure 13
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4. Phase out fossil fuels

The fourth strategy is to reduce the use of fossil fuels
in each of the energy sectors, since this will contrib-
ute most to cutting CO, emissions. In the EU’'s Long
Term Strategy, coal usage in the EU nearly halves by
2030 against 2015 levels and virtually disappears

by 2050. This contrasts with national coal phase out
announcements, in particular in Germany, that point
to an even faster reduction of coal usage by two thirds
by 2030.%7 Oil usage will need to be cut by a quarter
by 2030. Finally, natural gas usage will need to fall
by almost a quarter by 2030, and will increasingly be
replaced by renewable and low-carbon gaseous fuels
in the run-up to 2050.28

All of the above and more are needed to
ensure carbon neutrality by 2050

In order to achieve a net zero economy by 2050, these
four mitigation strategies will all need to be imple-
mented as fully as possible, but they will not suffice
by themselves. In the agricultural sector, for exam-
ple, some emissions will always remain (i.e. non-CO,
emissions from livestock and fertilizer usage) and the
aforementioned strategies do not address the many
of the emissions in the industrial sector and parts of
the transport sector (heavy-duty vehicles, aviation,
waterborne transport). Reducing these emissions will
require additional measures, including a significant
research and innovation drive and, most importantly,
the deployment of new technologies. Only through
such deployment can the necessary technology and
related infrastructure become commercially viable.?
Furthermore, in order to achieve net zero GHG emis-
sions, the remaining emissions will need to be offset
by greater absorption into natural sinks (requiring
afforestation and improved soil management) and

the deployment of negative emissions technologies
(such as bioenergy combined with carbon capture and
storage). CCS is also necessary for carbon reduction
in certain industries, and particularly for cutting pro-
cess emissions (in cement production, for example).
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3.2 Transforming the power sector for 2030

In 2015, power and centralized heating plants were
responsible for 24% of total greenhouse gas emissions
and 29% of CO, emissions in the EU28. Together, they
constituted the EU's largest CO, emissions sector.
Emissions nonetheless varied significantly between
the various member states due to their different con-
sumption levels and energy mixes. On account of its
high carbon content, coal makes up a disproportion-
ately high share of emissions in the sector, account-
ing for around 25% of EU electricity and centralized
heat generation and for 72% of CO, emissions. Over
the past 25 years, the EU generation mix has already
changed significantly, which has had the effect of
pushing down the power sector's CO, emissions by a
quarter between 1990 and 2015, despite an increase
in electricity generation by roughly a quarter.®® Dur-
ing this period, the share of coal in the generation

Transforming the power sector for 2030

2015 Strategies
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4. Cut coal generation by two thirds
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mix fell from 39% to 24%, while the level of renewable
generation more than doubled from 13% to 30%. Most
of the growth in renewables was due to wind, solar
PV and biomass while hydro remained stable. Nearly
two-thirds of current electricity consumption is
accounted for by buildings and more than one-third
by industry. Transport and agriculture each only rep-
resented roughly 2% of electricity demand in 2015.

The power sector challenge: a third of
electricity comes from renewables, but
coal emissions remain high

The power system has the greatest potential for
cost-effective decarbonisation in the economy as
a whole. The sector will therefore need to halve its
emissions between 2015 and 2030 and become

Figure 14
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almost fully decarbonized by 2050. The carbon
intensity of electricity production can be reduced by
increasing the proportion of low carbon electricity
sources (i.e. renewables and nuclear energy) from 55%
to 76% by 2030, while reducing fossil fuel (and par-
ticularly coal) generation by an equivalent amount.
Onshore wind, offshore wind, and solar power have
won the race to drive down technology costs and

will constitute the leading technologies in the power
sector by 2030. This will involve significant growth
in rooftop PV systems, which will become standard
not only for single-family homes but for any building
with a suitable roof. Sectoral integration and energy
efficiency will create further opportunities for energy
companies and energy service providers, which will
add value to the EU economy. Flexible power mar-
kets and intelligent networks that digitally integrate
renewable energy installations, demand side man-
agement, and energy storage will ensure that security
of supply remains as high in 2030 as it is today. These
new technologies will nonetheless require new safe-
guards against cyber-attacks. Moreover, additional
electric vehicles and heat pumps have the potential to
significantly increase overall power consumption and
demand variability, particularly on the low-voltage
grid. These changes pose a challenge for the power
system, since they may complicate grid operation and
significantly increase the need for investment in new
generation and grid reinforcement to meet higher
peak demand. The scale of these changes will make it
necessary to ensure that the adequacy of the single
electricity market design remains high on the agenda
in the coming decade in order to ensure cost-effec-
tive, zero-carbon power generation while avoiding
stranded assets and maintaining public support.

Three strategies for 2030

1. Efficiency first: maintain a stable electricity

demand despite closer sectoral integration
Energy efficiency is a key strategy in ensuring the
cost-effective decarbonisation of the energy sys-
tem. This is because investment in electrification and
sectoral integration can only be limited by reducing
overall energy demand in the buildings, industrial,
and transport sectors, and by increasing the effi-
ciency of end-use appliances. In the Commission's
modelling, final electricity demand and gross elec-
tricity generation only rise slightly (by 8.5% and 6.9%,
respectively) between 2015 and 2030 on the back of
efficiency measures in these sectors.’? In the deep
decarbonisation scenarios, direct electricity con-
sumption increases by 50%, while overall electric-
ity generation increases more than twofold (relative
to 2015) due to indirect electrification (such as green
hydrogen).

2. More than double renewables

The overall share of renewables will increase from
30% in 2015 to 57% in 2030, with wind and solar
roughly tripling from 12% in 2015 to 37% in 2030.
While the level of solar will grow from 3% to 11% in
the Commission scenarios, onshore and offshore
wind clearly remain the dominant technologies, and
are set to become the largest individual source of
electricity by 2030, when they will account for 26%
of generation. Hydro will remain stable, while bio-
mass generation will increase by roughly 50%. Wind
and solar combined will account for 53% of total net
installed capacity by 2030, due in part to the need to
add additional renewables to meet new power demand
in other sectors with low carbon power. By 2050,
Europe's power sector will need to achieve far higher
levels of renewables in the range of 81 to 85%.%
However, the Commission also expects a signifi-
cant increase in bioenergy consumption after 2030,
which raises serious sustainability concerns.

32



IMPULSE | European Energy Transition 2030: The Big Picture

3. Reduce fossil fuel generation, coal by

two thirds
Significant reductions in coal capacity will be needed
to facilitate the growth of renewables and ensure
cost-effective decarbonisation. The 2030 EU climate
and energy targets together with national coal phase
out decisions will reduce coal fired generation by
around two thirds.*® In order to guarantee continued
security of supply, wind, solar, and other low-car-
bon resources (such as biomass, biogas and hydro-
power plants, along with nuclear, demand response,
and storage and interconnection) will need to fill
the gap left by these capacity reductions. Limited
new build projects and efficient use of the existing
gas-fired capacity will help to cover peak demand.
Member states and TSOs will need to better co-or-

dinate and improve long-term planning to minimize

2030 projection of renewable electricity share in European Commission’s Long Term Strategy
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stranded assets and guarantee cost-effective solu-
tions. Towards 2050, coal capacity will fall even fur-
ther as the power sector becomes almost completely
decarbonized in nearly all of the scenarios included in
the EU Long Term Strategy.
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3.3 Transforming the buildings sector for 2030

Buildings (and the people living in and using them)
account for more than 40% of all natural gas con-
sumption in the EU. Roughly 60% of final electricity
consumption and nearly two thirds of overall heating
& cooling demand comes from residential and ser-
vice sector buildings. As a result, buildings currently
account for the largest share of final energy con-
sumption in the EU - around 40% of total consump-
tion in 2015. Between 1990 and 2015, building-re-
lated emissions fell by roughly 25%, while energy
consumption grew by 11%. Energy consumption in
buildings is still far from efficient. Three quarters of
buildings in the EU were built when energy effi-
ciency requirements for buildings and equipment
were limited or non-existent, and due to low ren-
ovation rates (which currently stand between 0.4%
and 1.2% per year) most of these will still be energy
inefficient in 2050.% Moreover, almost 50% of build-
ings in the EU are equipped with inefficient, fos-

sil fuel-based boilers, many of which have exceeded
their technical lifetime. More than two thirds of
energy in buildings is used for space heating alone
(71% in 2012).%7 In 2015, 34% of the total energy sup-
ply to buildings was provided by natural gas, with

a further 15% coming from petroleum and 13% from
electricity. Hard coal only provided a marginal 8% of
supply. Direct renewable heating & cooling made up
the remaining share and was largely supplied using
solid biomass. In 2012, district heating satisfied 9% of
overall EU heating demand for buildings and indus-
try, the bulk of which was generated using natural
gas, coal and biomass.>®

Buildings: the sector with the most
durable capital stocks

In 2030, the buildings sector will be cleaner and far
more efficient than it is today: energy consumption is
predicted to fall by a fifth and CO, emissions by more
than a third relative to 2015. These improvements
will be seen despite a growing population, increased

commercial activity and greater average household
incomes, which are all traditional drivers of energy
consumption.®® Almost half of all buildings will either
be new or will have been modernized to meet today's
high energy standards for greater efficiency and
comfort. A vast increase in the diffusion of energy
efficient appliances and "smart" energy manage-
ment systems will help to further moderate energy
demand and ensure energy is used more wisely. The
dirtiest heating systems, fuelled by oil and coal, will
be replaced by low-emissions systems such as heat
pumps and efficient district heating, which will
increasingly be sourced from renewables (including
solar thermal, geothermal, and biomass), large-scale
heat pumps, and waste heat. In a transitional period,
gas will continue to be used, but will increasingly be
burned in hybrid heating systems that combine heat
pumps with hydrogen or gas-fired boilers as part

of an initial step toward decarbonizing less effi-
cient buildings. In the run-up to 2050, the remain-
ing building stock will need to be fully decarbonized
by at least doubling the historical renovation rate and
converting all remaining buildings to use renewable
heating & cooling.

Four strategies for 2030

1. Modernize buildings to improve efficiency

In order to transform the buildings sector in a
cost-effective way, final energy demand will need to
be reduced by 25% by 2030. This will be achieved for
the most part by improving the thermal integrity of
building shells and upgrading heating appliances to
more energy efficient units. To achieve the necessary
reductions in energy consumption, renovation rates
will need to be at least doubled and all new buildings
will henceforth need to be nearly zero energy build-
ings.*® This transition to efficient building stocks will
also enable a far more significant shift toward renew-
able heating and cooling fuels in both the medium and
long term.
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2. Expand the renewable heating supply
Where the transition from fossil fuels to carbon-neu-
tral sources is concerned, the optimal supply option

will be determined by the specific local circumstances,

including renewable energy potential, the feasibility
of district heating & cooling, the local building stock,
and heating needs. There are many sources of renew-
able heat for buildings and district heating networks,
including solar thermal, geothermal energy, ambient
energy via heat pumps, woody biomass from waste

& residues, and waste heat from industrial processes.
These need to be rapidly scaled up so that the level of
renewables in heating and cooling energy increases
from 19% in 2015 to 32% in 2030 and to 55-80%

in 2050*. In a 2030 perspective, this increase will
largely be accounted for by ambient energy gener-
ated by renewable electricity-driven heat pumps. By
contrast, direct renewable energy supply will remain
stable or even contract slightly, with biomass satis-
fying 9% of total heating and cooling demand in 2030

Transforming the buildings sector for 2030

and solar thermal and geothermal heat satisfying only
a marginal share. Distributed heat has the potential to
satisty up to 50% of heat demand by 2050, at which
point 25-30% of heat could be supplied using large-
scale electric heat pumps. This would make it nec-
essary to reconfigure district heating networks for
low-temperature operation.

3. Electrify heating using renewable power
Wind and solar power for power-to-heat and heat
pumps represent the most efficient and cost-effective
forms of decarbonized energy supply for the heating
sector. Heat pumps can turn one unit of decarbon-
ized electricity or gas into 3 or more units of heating
or cooling, while power-to-heat can help integrate
renewable power that would otherwise be curtailed.
As aresult, the number of central and direct gas
heating units are set to plateau in the 2030s, before
falling in the 2040s on the back of the electrification
of space heating (through heat pumps in particular).

Figure 16
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By 2030, more than 45 million households will have
electric heating, up from roughly 20 million in 2015.
This number will roughly triple by 2050.42 This tran-
sition will also involve replacing existing, inefficient
electric night storage heating systems, which will
help to limit added power demand.*® If these strat-
egies are not successful, considerable quantities

of gaseous electrofuels will be needed to ensure an
equivalent level of decarbonisation.

4. Cut coal and oil usage in half

Coal and oil are the most carbon-intensive fossil fuels
and their usage needs to be dramatically reduced by
2030 if the emissions targets are to be met. Greater
penetration of electricity and renewables, combined
with an overall decrease in demand will result in a
fall in consumption of other fuels. Coal and oil will be
almost absent from building-related energy con-
sumption by 2030. Alongside electricity and direct
renewables, gaseous fuels (i.e. renewable, low-carbon
and fossil) will account for the bulk of the remain-
ing consumption, though their share will drop from
roughly 40% today to 31% by 2030. For economic and
efficiency-related reasons, electrofuels are not likely
to play a significant role in the buildings sector in
2030 unless they receive additional financial sup-
port. In the medium to long term, however, they will
need to play a role in their decarbonized forms where
other more efficient forms of renewable heating &
cooling are not yet feasible or cost-effective.
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3.4 Transforming the transport sector for 2030

Transport is a key challenge in decarbonizing Eu-
rope's energy consumption, since it is both the largest
individual sector in terms of overall EU greenhouse
gas emissions and the only sector with rising emis-
sions.* In 2015, transport accounted for around a
third of all final energy consumption in the EU. It also
accounted for two-thirds of overall oil consumption,
since all of the dominant transport technologies rely
on oil-based fuels. Transport emissions are domi-
nated by road transport, which in 2015 was respon-
sible for 73% of overall transport emissions. Limited
decarbonisation has been achieved by decarboniz-
ing transport fuels using biofuels (which made up

4% of all transport fuels in 2015). Alternative power-
trains (such as electric vehicles) currently only make
up a small proportion of all road transport. As a result,
electricity also plays a minor role in the sector (con-
stituting 1.5% of all transport fuels in 2015), and is al-

most exclusively concentrated in rail transport.

Transport: the only sector with rising
CO, Emissions

In order to make a fair contribution to cost-effec-
tive decarbonisation, the transport sector will need to
decrease its emissions by 16% or more between 2015
and 2030. These emissions reductions are expected
to take place against the backdrop of a 16% increase in
passenger transport and a 29% rise in freight trans-
port activity between 2015 and 2030. More than half
of the increase in passenger transport activity and
two thirds of the increase in freight transport activity
is set to come from road transport. Further signifi-
cant increases are expected in rail transport (36%),
domestic and international air transport (43%), and
EU marine shipping (21%).%° Despite these develop-
ments, energy consumption in the transport sector
will fall by 10%, which will help to drive a reduction in
overall oil consumption of roughly 25% (final energy
demand). These reductions in energy consumption
are expected to be delivered almost entirely by pri-

vate cars and motorcycles (which will account for
23.1% of the decrease). Transport electrification will
be a key driver of these reductions; by 2030, there
are expected to be 40 million electric vehicles on the
road, which will make up a significant share of the
total stock of cars. Biofuels will also grow slightly
from 4.6% to 8.1%.

Four strategies for 2030:

1. Increase vehicle & transport system efficiency
In the transport sector, the most cost-effective means
of mitigating climate change are reducing distances
travelled, transitioning towards more efficient modes
of transport (such as rail and shipping), and improv-
ing overall system efficiency. Better urban planning,
for example, can help to maintain individual mobility
while reducing the distance between the home and
work. Digital technology can also be used to organize
transport more efficiently and better integrate private
and public forms of transport. Road charging, collab-
orative intelligent transport systems, and other such
mechanisms, meanwhile, can help increase the over-
all efficiency of the transport system. Furthermore,
important energy efficiency gains can still be made
through technological progress and a radical rethink
of vehicle and vessel design (including light-weight-
ing vehicles). This will ensure that new conventional
and electric vehicles are truly more fuel and CO,-ef-
ficient than previous models.*® Significant improve-
ments are also needed in the energy intensity of air
transport, EU inland navigation, and international
shipping. These will be driven by technical and oper-
ational measures. Together, these will reduce energy
demand in the transport sector by around 10% by
2030 and by 31-50% by 2050 in comparison with
2005.
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2. A modal shift and a mobility transition:
transitioning to rail, public transport, and
shared mobility / fostering a mobility transi-
tion & alternatives to fossil-based lifestyles.

Alongside changes within modes of transport (such

as a transition from petrol to electric cars), what is

also needed is a shift to different modes of trans-
port altogether (such as from trucks & planes to rail &
ships), as well as a mobility transition towards public
transport, shared mobility, and cycling and walking.

This will allow rail and public transport systems to

absorb a significant share of the goods and passen-

ger transport increases projected by 2030. Where

the modal shift is concerned, passenger rail transport
usage will need to grow much faster than road trans-
port activity in order to shift some road and air travel

to electrified rail. With respect to freight transport, a

significant modal shift towards rail and inland nav-

igation will also need to take place, with rail freight
activity growing faster than passenger rail activity.

Transforming the transport sector for 2030
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The mobility transition will take place in cities, where
it will be enabled by their population densities and
public infrastructure. It will accordingly be driven
forward by planning processes and infrastructural
investment.

3. Electrify transport

Direct electrification with green electricity from
wind and solar is key to the transport transformation,
since it is far more efficient than electrofuels and
helps to improve air quality. One of the key techno-
logical developments that will facilitate the electrifi-
cation of transport is a rapid decline in battery costs,
which have fallen by 80% between 2010 and 2017.
Electricity will therefore need to satisty at least 4%
of transport energy demand by 2030 and 15-26%

by 2050.# This increase in electrification will be
driven by a greater uptake of electric vehicles*® and
an increase in electrified rail services. In order to

further reduce pollution, overhead electric catenary
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lines placed along Europe's central motorways could
be used to provide hybrid trucks with power on long-
haul routes.

4. Decarbonize transport fuels

Some modes of transport are difficult to electrify
directly due to the limited energy density of elec-
tric batteries. These include aviation and shipping,
and to some extent heavy duty transport and long-
haul coaches. These technical constraints make it
much harder to cut emissions in these areas. Where
it remains unfeasible to deploy zero emission vehi-
cles, carbon neutral fuels (such as advanced biofuels
and electrofuels) can instead be deployed for use in
conventional vehicle engines, in the form of drop-in
fuels. Green hydrogen and fuel cells could also help to
enable a low-carbon road transport system, provided
that the necessary hydrogen refuelling station infra-
structure is established. There are nonetheless nota-
ble limits to this strategy. While CO, emissions for
advanced biofuels and biomethane may be offset by
initial biomass growth, their supply is limited by land
and sustainability constraints. Significant quantities
of electricity are also needed to produce electrofuels
and hydrogen and capture CO,. In the long term, these
inherently constrained options will therefore have to
be predominantly used in modes of transport such as
air transport, road freight, and shipping, which can
only be decarbonized to a limited extent or not at all.
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3.5 Transforming industry for 2030

Industrial emissions accounted for 20% of all EU CO,
emissions in 2015 and for a quarter of final energy
consumption. Around 30% of industrial emissions
consisted of non-energy-related process emissions
(such as emissions from chemical reactions), which
are more difficult to reduce. Energy-related indus-
trial emissions fell by 42% between 1990 and 2015.
The key factors behind the decline in energy con-
sumption and emissions over this period include: 1)
improvements in energy efficiency, 2) fuel switch-
ing to biomass, 3) capacity closures and structural
shifts in the economy,*® and 4) significant reductions
in non-CO, GHG emissions. In 2012, 73% of indus-
trial energy demand was for heating & cooling, and
was mostly satisfied by gas and coal. Electricity was
the most heavily consumed energy source in indus-
try, while gas was the most heavily used fossil fuel.
Each accounted for around a third of final energy
consumption. Among renewables, biomass remains
the dominant energy source for heating in indus-
try (9%), since it is capable of replacing fossil fuels in
many applications. All other renewable sources cur-
rently have a negligible share of <1%. Energy-inten-
sive industry made up 65% of industrial final energy
consumption, but accounted for 76% of industrial CO,
emissions due to the CO,-intensive nature of some of
these industries.®®

Efficiency and fuel switches drive gradual
progress in the industrial heat transition

Energy-related industrial CO, emissions reduc-

tions will need to fall by a third between 2015 and
2030, despite continued growth in industrial added
value. Energy demand, meanwhile, is set to decrease
by only 8%, with most reductions being achieved in
energy intensive industries. Emissions reductions are
expected to be largely driven by ongoing efficiency
improvements, a transition to cleaner fuels and elec-
tricity, and broader developments in the EU economy.
The relevant structural economic shifts will include

stronger relative economic growth in the less ener-
gy-intensive service sector. A transition to renewa-
ble heating & cooling fuels and renewable electrifica-
tion is expected to take place at a slower rate than in
the buildings sector, though natural gas, coal, and oil
consumption is expected to be in continual decline by
2030 and will be nearly phased out by 2050. Accord-
ingly, the importance of biomass, waste, and hydrogen
will increase by 2050. In addition, F-gas emissions
can be reduced by around two thirds (or 52 Mt CO.e)
by 2030, mainly through improvements in refrigera-
tion & AC technologies. Process-related GHG emis-
sions decline steadily in all scenarios, but their relative
importance increases since the remaining mitigation
potential becomes increasingly limited.>!

Four strategies for 2030

1. Increase energy and resource efficiency
Between 2015 and 2030, industrial energy demand
will need to be driven down despite a rise in added
value. This will require old equipment to be replaced
with newer, more energy efficient technologies
(such as more efficient industrial boilers & CHP) and
a structural shift towards higher value-added and
less energy-intensive products. Additional energy
use and process optimization measures will include
reducing heat losses and recovering process-re-
leased heat for use in district heating systems, among
other areas. Resource efficiency measures will also
help reduce energy consumption.®? The use of recy-
cled or scrap materials, for example, can help avoid
the highly energy-intensive primary production

of metals, glass and other materials,> while replac-
ing cement with wood in the construction industry
can help reduce unavoidable process emissions from
cement production. These efficiency measures will
help safeguard industrial competitiveness by miti-
gating the impact of increasing energy costs, but will
often call for changes to product design or business
models.
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2. Increase the share of renewable fuels for
heating & cooling
Industrial heating can be divided into low (below
200°C), medium (200°C to 500°C) and high (above
500°C) temperature levels. The relevant processes are
sector and even subsector specific and require vari-
ous temperatures that can exceed 2000°C. Temper-
ature levels are an important variable, since cur-
rent technical limits prevent some renewables from
reaching temperatures above 200°C. The utilization
of waste heat in industry nonetheless holds signif-
icant potential as for emissions reductions displac-
ing fossil fuels by exploiting synergies with district
heating & cooling. Also promising is a fuel switch to
direct renewables (such as biomass, solar thermal,
and geothermal) and heat pumps for low and medium
temperature heat.

Transforming the industry sector for 2030
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3. Electrify industrial processes

Electricity is already deployed in significant quan-
tities for certain industrial processes, such as the
production of aluminium and certain chemicals.
Electricity consumption is not projected to increase
significantly by 2030, whether in the form of direct
electrification or that of indirect electrification
using green hydrogen. There is nonetheless signifi-
cant potential for the electrification of processes in
certain industries, including chemicals and steel.>*
This potential will need to be exploited if net zero
emissions are to be reached in the industrial sector
by 2050. To this end, electricity will need to become
the major energy carrier and industry will need to
become the largest electricity consuming sector in
the EU, with demand doubling or tripling between
2015 and 2050 to 2,162-2946 TWh (including 632-
1407 TWh for hydrogen production). In order for this
to be achieved, key low-carbon innovations (such as
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the direct reduction of iron with green hydrogen) and
technologies (such as electrolyzers), will need to be
commercialized by 2030 to allow for timely scaling
and deployment across the EU by 2050.

4. Cut coal & oil use

Coal accounts for only 13% of final energy consump-
tion in the industrial sector, but produces 30% of
energy-related industrial emissions. When non-
energy-related uses of oil (such as chemical feed-
stocks) are taken into account, the industrial sector
is responsible for around 20% of overall oil con-
sumption, second only to the transport sector. In the
run-up to 2050, all of the decarbonisation scenarios
require fossil fuels to be almost completely phased
out and for any remaining natural gas to be replaced
by zero carbon gases as far as possible. In a 2030
perspective, these reductions will be facilitated by a
combination of regulation, new equipment (such as
industrial boilers), the EU Emissions Trading Sector,
a fuel switch to less carbon-intensive fuels (par-
ticularly biomass and waste gases), a transition to
alternative, low-carbon industrial processes, and
increased electricity usage.
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3.6 Transforming grid infrastructure for 2030

Grids are critical to the clean-energy system of the
future. By 2030, significant investment will need to
be made in grid infrastructure for power, gas, heat-
ing & cooling, and mobility. This strengthened and
expanded grid infrastructure will: 1) enable electric-
ity-led decarbonisation, 2) accommodate a trans-
formed vehicle stock containing far greater numbers
of fully electric vehicles, 3) facilitate a shift to a more
decentralized power and heating energy system (see
megatrend 1.9), and 4) enable decarbonisation in cer-
tain difficult to decarbonize industrial sectors and

modes of transport via zero carbon fuels.

Expanding electricity grids to improve power
system flexibility

The European energy transition requires both trans-
mission and distribution grids to be expanded and
restructured. Investing in enlarged, strengthened and
smarter grids has two main benefits:

1) it ensures better use of areas with strong renewa-
bles potential and reduces the need to curtail wind
and solar-generated power, since local weather
patterns are balanced out over a larger geographical
areg;

2) it reduces the overall costs of the energy system by
reducing the need for back-up generating capacity
and other flexible resources, while providing the
same security of supply.

New transmission lines nevertheless often face polit-
ical resistance from (local) stakeholders, which can
lead to bottlenecks for the energy transition. In order
to resolve these tensions, grid developers need to
engage in a genuine and committed way with stake-
holders during grid planning processes, and in some
cases need to make compensation payments, adjust
the siting of lines, or change the technologies used in
the project (by replacing overhead lines with under-
ground cabling, for example). Where such issues can-
not be resolved, additional transmission demand may

need to be met by expanding the capacity of existing
power lines via regulatory changes or innovative uses
of digital grid management technologies.® In order

to ensure public support for investment in transmis-
sion, cost-sharing mechanisms can be used to fairly
distribute the cost of infrastructural investment and
network congestion management.

Expanding distribution networks generally does

not provoke such local resistance, and like invest-
ment in transmission lines is often an effective way
of limiting the need to curtail renewables. Neverthe-
less, the scale of the grid investment needed to cope
with increased electrification will make it essential
to distribute network costs fairly and transparently
among consumers. It will also be essential to make
more effective use of the existing grid and available
distributed energy resources (such as batteries) using
energy efficiency measures®, digital tools, and new
market arrangements."’

Increased digitization makes energy systems smarter,
facilitates a higher level of renewables penetration,
and enables consumers to actively participate in the
energy market. It nevertheless also increases the sys-
tem's exposure to cyber-attacks, which jeopardize
consumers' data privacy as well as security of supply.
In the highly integrated European energy markets,
cross-border cascading effects are another potential
concern. These issues will become increasingly rele-
vant in the coming years.

Modernizing heating & cooling networks to
ensure a low-carbon energy supply

District heating & cooling networks are central
aspects of climate action, particularly in the buildings
& industry sectors. These networks:

- Help to replace fossil fuels where heat and cold
from decentralized renewable energy sources (such
as wind and solar PV via heat pumps, geothermal
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and solar thermal energy, waste heat, and munic-
ipal waste) is fed into a district heating & cooling
network.

- Provide power system flexibility by cheaply stor-
ing thermal energy in hot water tanks or under-
ground, for example. This helps to balance the vari-
able production of wind and solar PV and to reduce
their curtailment.

- Help diversify and boost the resilience of energy
supply when they are based on local resources
rather than global markets.

- Can improve air quality when they replace coal-
based domestic heating.

District heating & cooling systems have the poten-
tial to supply a significant share of the EU heating
market, provided they are subject to ongoing decar-
bonisation and efficiency measures and are part of
an integrated heating approach that also involves
improving the existing building stock. Today, dis-
trict heating & cooling already accounts for a large
share of national residential heat consumption in
those member states with colder climates — particu-
larly Scandinavia and the Baltic states.®® The bulk of
district heat is nonetheless produced using natural
gas, coal, and woody biomass, and networks are often
geared towards transporting heat from central gen-
eration facilities to poorly insulated buildings. If the
2030 targets are to be met, the existing heating net-
works and their regulatory conditions will need to be
reconfigured to take into account falling heat demand,
lower temperature applications, and feed in from
various decentralized, low-carbon heating & cool-
ing sources. Identifying where this reconfiguration is
a viable solution will require knowledge concerning
local potential for carbon-free heat generation and
the availability of heat sinks. It is therefore crucially
important to develop municipal heating programmes
by 2030 that map out the future contours of a car-
bon-neutral heat supply system and anticipate the
infrastructural investment needed to implement it.

Smart electrification of all transport networks
The transport sector is far from being prepared for
across-the-board electrification. Significant invest-
ment is needed here, and will need to focus on three
areas:

- Accelerating the roll-out of smart charging and
refuelling infrastructure for electric vehicles.

By 2030, there are expected to be over 40 million
electric vehicles on Europe's roads, and these will
require smart charging infrastructure. The infra-
structure will need to be installed alongside high-
ways and roads, in cities and rural areas, and in
commercial buildings across the whole of Europe.
Enabling electric vehicles to be charged anywhere
in Europe in a way that harmonizes with the grid
system will allow the continent to remain fully
connected and ensure that the benefits of a just and
clean European energy transition are not restricted
to wealthier member states.

- Expanding the electrified rail network and
exploring the use of overhead lines on motorways.
Thus far, only 54% of the EU railway network has
been electrified.®® By 2030, up to 80% of trains
will need to be electric. In order to make signifi-
cant progress in rail electrification, greater invest-
ment will be needed in rail vehicles and the rail-
way infrastructure network, along with additional
measures to connect European markets and infra-
structure (particularly at border crossings). Electri-
fied overhead catenary lines may provide another
means of electrifying nationwide goods transport
and could be installed along major highways. These
would enable hybrid trucks to complete part of
their journeys using electric power.

Though they require considerable investment,® the
existing national plans drawn up in response to the
Alternative Fuels Infrastructure Directive suggest
that the number of public charging points for electric
vehicles will keep pace with the anticipated growth
in electric vehicles in the coming years — as long as
the member states deliver on their plans.®* There will
also be sufficient numbers of fast chargers along the
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principal motorway routes, with at least one fast
recharger every 40km. The introduction of mini-
mum EU standards for physical plugs and payment
systems means that interoperability between differ-
ent infrastructure operators is also likely to be ade-
quately implemented in the coming years.®? Yet while
an estimated 95% of charging takes place at home and
at work, private and workplace charging infrastruc-
ture still lags behind public infrastructure,® and the
roll-out of smart meters that ensure smart charging is
uneven across Europe.

Preparing gas networks for a decarbonized
future

Gases will continue to play an important role as feed-
stocks and energy carriers in future. The decarboni-
sation of the energy system will require gas demand
to be significantly reduced by means of electrifica-
tion and energy efficiency measures, as well as the
stepwise replacement of fossil methane by renewable

Transforming network infrastructure for 2030

Electricity
networks

District
heat & cold

networks

Inter-modal
transport
networks

Own creation

and low-carbon gaseous fuels especially after 2030.%
Reductions in gas consumption are likely to make
further investment in expanding import or trans-
port grid capacity unnecessary. Continued invest-
ment will nonetheless be needed to maintain parts

of the existing gas grid, and particularly to integrate
carbon neutral gases into the system.®® As a result, the
costs associated with the gas grid are not expected to
decline in line with consumption if the current grid
is maintained. These changes could lead to a rise in
grid tariffs for gas consumers and in the worst case to
network assets becoming stranded. Accordingly, gas
networks will likely need to be smaller in 2050 than
they are today if they are to adapt to this changing
cost structure.

Another key challenge for the gas networks of

the future will be the integration of new sources
of decarbonized gas supply. The sustainability of
CO,-based synthetic gases (such as electro-meth-

Figure 19
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ane) and biogas converted to biomethane is subject to
significant economic and environmental constraints.
The advantage of these gases, however, is that they
can be transported through the gas grid without any
major technical limitations. Green hydrogen pro-
duced via renewables-based electrolysis, by con-
trast, is more efficient and sustainable, but there are
limits on the quantities of the gas that can be injected
into the grid. Studies suggest that hydrogen could

be blended with natural gas at up to 10 or 15% of the
gas volume without any major adaptations to the gas
transmission and distribution infrastructure or end-
user appliances being required, while a blend con-
taining over 15-20% hydrogen would require sig-
nificant changes. There are currently no common
European standards and rules in this area.

Three strategies for a robust, smooth, efficient,
and fair grid transformation

1. “Efficiency First"

The 'efficiency first' principle prioritizes invest-
ment in customer-side efficiency resources (includ-
ing end-use energy efficiency and demand response)
wherever they would be less costly or deliver more
value than investment in energy infrastructure, fuels,
and supply alone (in line with the "save before you
build" principle).t® Applying the efficiency first prin-
ciple in practice prevents unnecessary infrastructure
from being built and thereby yields significant cost
savings. It also helps to reduce congestion in electric-
ity, gas, and transport systems by reducing demand
in peak hours.

2. Integrated long-term planning:

The energy transition provides an opportunity for
the timely and often cost-effective replacement of
ageing infrastructure and assets with modern, highly
efficient and carefully designed infrastructure that is
compatible with the EU's decarbonisation objectives.
Long-term integrated planning for such infrastruc-
ture can enhance system efficiency and reduce costs
by minimizing the number of new investment pro-
jects that end up stranded as a result of decarbonisa-

tion, while making optimal use of existing infrastruc-
ture and assets in the long term.

3. Fair and efficient cost sharing:

New investment, just like renovating, retrofitting, and
converting existing infrastructure, will require sig-
nificant, capital-intensive changes that will largely
need to be financed by household and industrial
consumers. As a result of geographical shifts within
the energy system (involving decentralization and
regionalization), the distribution of the costs and
benefits of operating the system are likely to change
significantly, both between member states and within
them (e.g. between cities and rural areas). This will
likely require new approaches to cost sharing that
ensure solidarity and fairness with respect to indi-
vidual costs and the overall energy system.
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4 The investments, costs, and benefits of the
European energy transition

In earlier debates about the European energy transi-
tion, investments and costs were contentious issues.
Some raised concerns about the potential effects on
the competitiveness of European companies and the
economy at large. Others argued that the energy tran-
sition would create new jobs and better livelihoods
and enable European companies to maintain a com-
petitive edge in the leading markets of the future.

Many of the sceptics have since come around. They
now acknowledge the positive economic effects of
clean-energy investments and the lasting benefits
from decreased energy system costs, a reduced reli-
ance on energy imports, and improved public health.
The debate today focuses more on the distributional
effects of concrete policy measures.

Assessing the costs and benefits of the
European energy transition

Any methodologically sound effort to quantify the
costs and benefits of the European energy transition
must start with three key facts:

- First, the energy transition is not the only trans-
formative trend that will affect the EU and the
global economy over the coming decades. As high-
lighted earlier in the report, global megatrends such
as ageing populations, digitalization, and automa-
tion will transform our economy regardless of the
climate action we take.

- Second, any energy system creates costs. Even if
Europe were to stop investing in the energy tran-
sition, houses will need to be heated, cars will
be bought, ageing power plants will be replaced,
and regular maintenance of the gas and electric-
ity infrastructure will occur. Any quantitative
assessment involves economic modelling and must
compare the expected costs and benefits of the

European energy transition with a hypothetical
scenario without clean-energy measures.

- Third, the continued consumption of fossil fuels
creates high costs for society, most prominently
through the impact of rising temperature lev-
els. In Europe, extreme weather events (floods,
draughts, heat waves) caused by the 1 °C rise in
global temperatures that has already occurred has
caused significant economic damage.®” A global
energy transition that keeps global warming to
2 °Cwould save 70 billion euros per year in climate
change-related damages relative to a 3 °C rise.®®
The reason is that damages increase exponentially
with each increased temperature scenario. Over
the longer term, differences in the costs of climate
change-related damages associated with differ-
ent temperature scenarios are even more pro-
nounced.®® Nonetheless, most economic models
used for comparing the costs and benefits of differ-
ent climate and energy policy choices do not reflect
the economic impact of rising temperature levels.”

Current energy costs in Europe

Household and industry spending for energy prod-
ucts in Europe continues to depend primarily on
fossil fuel prices rather than on energy sector trans-
formation. As most fossil fuel is imported to Europe,
prices are determined by global markets, which are
highly volatile.” Import prices for oil and natural

gas fell by roughly 50% between 2012 and 2016, but
returned to 2012 levels in 2017. Hard coal prices have
seen a similar development.” These price oscilla-
tions have had serious implications for households
and businesses but also more broadly for the EU trade
balance, economic performance, and its geopolitical
situation.”
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Import prices do not represent the full prices paid by
end-consumers, be they households or industries.
End-consumer prices are composed of wholesale
prices plus the costs associated with supply, taxes,
and levies. These prices vary between energy carri-
ers, between Member States, within Member States,
and between consumer types.

Overall spending on energy depends not only on
prices but also on the quantity of energy consumed.
Between 2008 and 2014, for example, increased
end-consumer prices were partly compensated by
reduced overall energy consumption. This reduc-
tion was due to decreased economic activity after the
financial crisis and to energy efficiency improve-
ments.

Average household energy-related expenses
increased from 4.7% in 2000 to 7.3% in 2015 (+67%)
relative to income, but have been relatively stable
since 2008. However, household energy expendi-
tures vary strongly in absolute terms (ranging from
€500 to €2,300 per household) as well as by income
level and by Member State.” In 2015, 9.8% of the
expenditures of the poorest 10% of households

was spent on energy, while middle income house-
holds spent 6%, and higher income households spent
less still.”® Northern and western European house-
holds spent 4-8% and central and eastern Europeans
spent 10-15%. Moreover, while energy is affordable
for most Europeans, a certain percentage, mainly in
southern and eastern Europe, is unable to keep their
homes adequately warm. The reasons, though vari-
ous, are mainly due to general income level, the avail-
ability of governmental support for lower income
households, and the efficiency of buildings and heat-
ing systems.”

For most industries, energy-related expenses are a
minor cost factor and have remained relatively sta-
ble, at around 2% of overall production costs. Inter-
national competitiveness depends more on factors
such as market access, financing, research support,
and the availability of skilled workers.” Energy price

increases over the 2008-2012 period were more than
offset by reduced energy consumption on account

of the economic downturn and of improvements in
energy efficiency.

However, energy costs are an important factor for
some industries, particularly those that are energy
intensive and that must compete internationally (e.g.,
iron and steel, cement and glass). Member States typ-
ically provide direct or indirect subsidies in the form
of exemptions to taxes, levies, and network charges
for electricity and gas. Over the 2008-2015 period,
energy costs fell for businesses in most sectors and
declined 8% overall. The most significant decline was
in energy intensive industries due to subsidies, lower
wholesale energy prices, efficiency increases, and a
shift to less energy-intensive products.”

The EU Emissions Trading Scheme had only a
minor effect on wholesale electricity prices in

the 2012-2017 period because certificate prices
remained below 10 euros per tonne of CO,. In 2018,
however, prices increased to more than 20 euros per
tonne. Energy intensive industries in which carbon
leakage is a risk benefit from the free allocation of
emission certificates.

The costs and benefits of the energy
transition in 2030

In preparation for the 2030 EU climate and energy
framework and its recently launched long-term
strategy for 2050, the European Commission com-
missioned an extensive set of studies using a stand-
ardized scenario framework. By comparing the costs
of current policies with the costs of an energy tran-
sition that meets the 2030 climate and energy tar-
gets or that leads to decarbonization by 2050, these
studies provide important information on the costs
and benefits of the European energy transition over
time. Six key conclusions can be drawn from these
assessments:
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1. The European energy transition will require
considerable investment, but its costs will be
comparable with those of the current energy
system

Achieving the 2030 targets and replacing existing

infrastructure will require investments of roughly

1,081 billion euros a year between 2021 and 2030.

This is 37% higher than in 2015 and 20% higher than

would be needed under current policies.®’ In terms

of EU GDP, it would require increasing investment
levels in the energy system from around 5% today to

around 6%.8

Most of the additional investment will take place in
the buildings sector, followed by power and indus-
try, and will largely need to come from individuals or
private companies. Compared with current levels, the
EIB estimates that between 2016 and 2030 annual
investment in energy efficiency savings in buildings
and industry will need to triple, while investment in

energy networks and power generation and in the
transport sector must rise by a quarter.®

Mobilizing this considerable shift from consumption
to capital investment represents a challenge, but it is
manageable from an economic and financial per-
spective. The architecture of the financial system will
have to be reconfigured away from fossil fuels and
towards low-carbon investments in order to avoid
stranded assets. But the required investments repre-
sent less than a quarter of the capital market's annual
increase. This means that capital availability need
not be a bottleneck providing that a proper invest-
ment framework is provided.®* Moreover, additional
investments in renewables and energy efficiency will
help reduce the role of operational costs (especially
through lower fuel expenditures). As a result, total
annual energy system costs (including annualised
investments and energy purchasing costs) are only
around 25% higher than 2015 levels in absolute terms,

Investment costs are higher in a target scenario vs a reference scenario,

but so are growth and jobs
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and only minimally higher (3% or 70 billion euros)
relative to the costs of current policies.

2. The European energy transition will increase
GDP and employment
Reaching the 2030 targets is expected to increase
GDP by 1% relative to the reference scenario (i.e. the
continuation of current policies). GDP growth is likely
to be even stronger under more ambitious targets for
renewables and energy efficiency due to the addi-
tional investment and value they create. At the same
time, shifting to renewables and energy efficiency
will lower fuel imports, which results in greater

domestic value creation.

The effect on jobs is also positive. If 2030 targets are
reached, employment is expected to be 0.5% higher
than in the reference scenario. In general, invest-
ment in renewables and energy efficiency is consid-
ered to be beneficial for employment relative to other
energy investment alternatives because they are
labour intensive and are difficult to relocate outside
Europe. For example, compared with oil and gas sec-
tor investments, employment creation is expected to
be 2.5 to 4 times larger for energy efficiency and 2.5
to 3 times larger for renewable energy.?* At the same
time, the overall composition of the labour market is
likely to be affected in significant ways. For exam-
ple, the mining and extraction sectors are expected to
contract considerably in the medium and long terms
due to decreased demand for fossil fuels. The transi-
tion will also change which skills are in demand, and
may affect income distribution as well.

3. The shift to renewables and energy efficiency
increases energy security
Over the past decade, as its indigenous fossil fuel pro-
duction has shrunk, the EU has increased its depend-
ence on energy imports. This high level of energy
dependence makes the EU economy more vulnerable
to volatile world market prices and supply shortages.
This is most relevant for natural gas, where Russia
provides 42% of EU imports and is the sole supplier to
nine Member States.®®

Without additional action, this vulnerability is
expected to increase due to rising fossil fuel prices
and further declines in domestic oil and gas produc-
tion.%¢ A decarbonised energy system would help

to address these threats by shifting production to
domestic renewable sources and by reducing energy
consumption.?” The Commission estimates that if
the 2030 targets are met the overall share of imports
will decline from 55% in 2015 to 52%. In particular,
the overall fossil fuel imports will fall by 19% (from
900 Mtoe to 730 Mtoe) and natural gas imports will
decrease by 6% (from 254 bem to 240 bem).®8 Europe's
energy import dependence would further decline

by 2050 if a net zero carbon footprint is reached by
2050. This raises questions about the long-term use
of import capacities, especially when it involves the
construction of new ones.®

4. Avoided health costs more than outweigh the
additional costs of an energy transition
The burning of fossil fuels in power plants, indus-
trial facilities, buildings, and vehicles affects local air
quality. Poor air quality can result in reduced qual-
ity of life, illness (e.g. respiratory diseases), reduced
crop yields, and building damage. In 2015, the main
air pollutants - particulate matter, nitrogen dioxide,
and ground-level ozone — caused almost half a million
premature deaths in Europe. On average, one out of
1,000 city inhabitants loses 10 years of life because
of these pollutants.®® In 2010, the health-related costs
amounted to 1 trillion euros.®* Direct economic dam-
age totalled 23 billion euros mainly on account of lost
working days, healthcare costs, crop yield losses, and
building damage.*

Meeting the 2030 targets would mean burning fewer
fossil fuels, which would improve air quality and
reduce the annual costs related to illness and prema-
ture death by more than 136 billion euros annually
relative to the reference scenario. This would more
than offset the additional annual energy systems
costs for shifting to higher shares of renewables and
better energy efficiency (roughly 70 billion euros).*®
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5. Meeting 2030 targets will not raise household
expenses relative to the reference scenario
In all scenarios, household electricity prices are pro-
jected to rise between 2015 and 2030 and to stabilize
thereafter, irrespective of policy. The overall share

of household expenditures for energy — including
investments, efficiency improvements, and energy
purchases — will increase by less than one percent-
age point if the 2030 targets are met.** At the same
time, gains from energy efficiency investments are
expected to reduce energy expenditures over sev-
eral decades.”® Average household income is also
expected to increase across all household groups in
most countries, with low income households benefit-
ing most.%®

Nevertheless, end-consumers will face higher
upfront costs, although costs for energy will fall due
to greater energy efficiency. These types of invest-
ments can present a challenge to households, particu-
larly low-income households with limited means to

invest in, say, more efficient appliances and vehicles
or home renovations.

6. Overall industrial competitiveness is not at
risk but energy- and trade-intensive branches
need support

Meeting 2030 targets is expected to raise annual

energy system costs for industry only slightly from

2015 levels. Remarkably, they are lower than those in

the reference scenario.”’ This is mainly attributable to

increasing energy efficiency, which reduces energy
purchasing costs and offsets rising investments
costs. In addition, the shift to renewables and energy
efficiency will stabilize energy costs by reducing
dependence on volatile oil and gas markets.

However, some industries, especially those in
energy- and trade-intensive branches, will face
competitive pressures from increased carbon and
energy prices, and are thus likely to find it difficult to
increase investment in more efficient capital stock.®®

Difference in investments, costs and benefits (in billion euro) in 2030
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Conclusion

The following five conclusions can be drawn from our

analysis:

- The EU energy transition will bring economic
opportunities because investment in renewa-
bles and energy efficiency will generate new jobs
and regional economic value. Households will bear
higher upfront costs, which is likely to be chal-
lenging for some. However, from an economic and
financial perspective, the magnitude of investment
is manageable. End-consumers stand to benefit as
well: household incomes will increase and energy
bills will fall; and most industrial consumers will be
able to offset their upfront investment costs with
reduced fuel expenditures.

- A full assessment of the costs and benefits of the
energy transition must take into account how the
transition will affect different groups in society.
Low-income households in particular will need
help making the required investments. Energy-in-
tensive industry might face competitive disad-
vantages, and their ability to invest in advanced
processes or new technologies may be limited.
Targeted social, labour, and industrial policies are
needed to ensure public acceptance for low carbon
technologies and infrastructure. In particular, the
EU and its Member States must support vulnera-
ble consumers and workers who lose their jobs. The

energy transition will also require improved meas-
ures for maintaining industrial competitiveness in
energy-intensive sectors subject to international
competition.

Innovation is needed to strengthen the EU's
position in the growing market for renewables
and energy efficiency: Europe's strong innova-
tion makes it well-placed to develop cost-effec-
tive technologies and services for the low-carbon
energy and transport system. But in the face of
strong competitors such as China, European busi-
nesses require a large domestic market to develop
technologies early and strengthen their inter-
national position. This will also allow Europe to
develop its own standards for a level playing field.
The energy transition will reduce the EU's reliance
on energy imports, enhance energy supply secu-
rity, and reduce vulnerability to the volatile prices
of fossil fuels. A EU that has achieved its renew-
able and energy efficiency targets will reduce its
dependence on natural gas imports from Russia.
The money saved on imports will remain in the EU
for local value creation.

The energy transition will reduce air pollution and
help limiting global warming to 2 °C or less, creat-
ing large economic benefits for human health, eco-
nomic activity, and the environment. These sav-
ings could more than offset the additional annual
energy system costs that come with achieving the
2030 targets for renewables and energy efficiency.
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5 The EU’s 2030 Climate and Energy Framework:
The main implementation priorities

Inrecent years, the EU has negotiated and adopted a
large portfolio of laws and regulations to translate its
climate policy ambitions into concrete action. Among
other measures, the EU has enshrined its climate tar-
gets in a number of key laws and has determined the
associated planning, monitoring, and enforcement
procedures. Lawmakers have also finalized the Clean
Energy for all Europeans package and crucial regula-
tions concerning transport emissions. Here they have
often revised existing legislation in order to reach the
2020 targets. Whether or not the EU can make mean-
ingful progress towards decarbonisation will depend
first and foremost on its commitment to fully imple-
menting all of these measures.

Implementation has several dimensions. First, most
legal acts require additional rulemaking in specific
areas via delegated or implementing acts. While this
rulemaking is sometimes concerned with technicali-
ties and details, it may also have a substantial impact
on the effectiveness of the legislation in practice. Sec-
ond, member states need to transpose EU directives
into national law. In many cases they have significant
flexibility to determine policies that are suitable at the
national level. While national policymaking processes
provide an opportunity for policy innovation and local
ownership, they may also result in the stringency of
the relevant measures being watered down. Finally,
and most importantly, both member states and the EU
have to translate the various requirements contained
in the legislation into action, while establishing moni-
toring and enforcement procedures to ensure that they
achieve their intended objectives. This section high-
lights the key implementation priorities that EU and
national policymakers will need to address in each
sector of the energy transition.

The overarching framework for achieving
the targets

The EU's overarching target of achieving a 40%
reduction in greenhouse gas emissions compared to
1990 levels has been enshrined in law via the revised
Emissions Trading System Directive® and the Cli-
mate Action Regulation'® that sets a binding national
emissions target for each member state. Emissions
from land use and forestry (LULUCF) are addressed by
a separate regulation.’®® A new governance mecha-
nism!®? requires member states to strategically plan
their future energy systems. These plans must also
indicate the states' prospective national contributions
toward the EU's 2030 energy renewables and energy
efficiency targets.

At the EU level, the key implementation priorities in
the field of target governance include:

- A thorough Commission review of the draft
National Energy and Climate Plans (NECPs) that
member states are required to draw up under the
new Energy Union Governance Regulation, as
well as intense engagement with member states
to ensure that they have high-quality, actiona-
ble, and sufficiently ambitious NECPs in place that
will ensure the EU climate and energy targets can
be reached. Particular attention will be given to
emissions from the transport and buildings sectors,
where the latest projections show that a number of
member states are not yet on track.’®

- Subsequent rigorous monitoring of the implemen-
tation of the final NECPs from 2021 on, in order
to ensure the Union remains on track to meet its
2030 energy targets and can take corrective action
where necessary (the so-called gap-filler mecha-
nism).
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- The establishment of an EU-level renewa-
ble energy financing mechanism. The Govern-
ance Regulation requires the European Commis-
sion to set up such a mechanism by 2021. It will be
used for the EU-wide tendering of new renewable
energy projects, in order to close any remaining
gaps between the EU's 2030 target and member
states' national contributions. It is also intended
to facilitate the ambitious deployment of renew-
able energy within member states.’** The mecha-
nism could become the first Union-level financing
instrument to support renewable energy.

- The submission of the Commission's long term EU
strategy to the UNFCCC by 2020.

- The establishment of forest reference levels by the

greenhouse gas emissions related to forestry and
agriculture (or land use, land use change, and for-
estry, LULUCEF). This in turn will determine how
many LULUCF credits a member state can poten-
tially use in order to comply with its national tar-
gets under the Climate Action Regulation.1®®

- Under the Governance Regulation, the Commis-
sion will also establish a template for the biennial
national progress reports on NECP implementa-

tion.10®

At the national level, the implementation will require
member states to:

- Draw up NECPs for 2030 and long-term strate-

European Commission in order to facilitate imple- gies that make a sufficient contribution to meeting
mentation at the national level. The reference lev- EU climate targets and are adopted via an inclusive
els will determine how member states account for process.

Overview of the EU's 2030 climate and energy target framework Figure 22
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- Putin place or continue obligatory energy effi-
ciency schemes or alternative policies in order to
achieve annual final energy savings of 0.8%,

a certain proportion of which need to benefit lower
income households.

Buildings

Given their significant share of energy consumption
as a whole and the range of options for on-site energy
production, buildings will play a key role in meeting
the EU targets for energy efficiency and renewable
energy. The main EU laws in this area are the Energy
Efficiency Directive (EED),'”” the Energy Performance
of Buildings Directive (EPBD),’°® the Renewable
Energy Directive (RED),}*° and the Eco-Design Direc-
tive."© These laws require a number of implementa-
tion actions. While the nearly zero-energy standard
will be mandatory for new buildings across Europe
from 2021 on, energy efficiency requirements for
existing buildings only come in to force when major
renovation work is undertaken. This underscores the
importance of energy audits, information campaigns,
and targeted financial support.

At the EU level, the implementation priorities include
the following:

- In accordance with the revised EPBD, the Com-
mission is tasked with establishing an EU-wide
approach for two new voluntary tools: a build-
ing renovation passport that lays out a renovation
roadmap for specific buildings, and a smart readi-
ness indicator that can assess a building's capacity
to adapt to the needs of its inhabitants and the grid
while improving efficiency and flexibility.

- Where forest-based biomass is concerned, the
European Commission must deliver implementa-
tion guidelines on how to demonstrate compliance
with the new sustainable forest management crite-
ria and the requirement to avoid negative LULUCF
impacts.

The main implementation work will take place at the
national level:

- When defining their national 2030 energy effi-
ciency targets as part of their NECPs, all member
states should specify the extent to which enhanced
building efficiency will contribute to meeting the
targets and which measures will be put in place to
this end.

- Member states need to develop and implement
long-term building renovation strategies, including
milestones, to accelerate the renovation rate.

- In new-build projects, national governments will
need to ensure that all public buildings are nearly
zero-energy buildings (NZEBs) after 2019 and that
all other new buildings are NZEBs from 2021 on by
defining and enforcing NZEB standards in accord-
ance with the EPBD.

- National governments will also need to specify the
level of final energy for heating and cooling that
will be provided by renewable sources by 2030,
and will have to implement measures to ensure an
annual indicative increase of 1.3 percentage points
for renewables in heating and cooling between
2020 and 2030.

- Member states will need to update the 2015 assess-
ments on the potential for high-efficiency cogen-
eration and efficient district heating networks.

- Governments should implement the EPBD
pre-wiring requirements to enable home and
workplace charging for electric vehicles in resi-
dential and commercial buildings as soon as possi-
ble and well ahead of 2025.

- The product-specific regulations set out in the
Ecodesign and Energy Labelling Directives are
directly applicable to member states, but these will
need to carry out market surveillance to ensure
proper compliance.
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Transport

The last two years saw the publication of three
Mobility Packages in May 2017, November 2017,

and May 2018, respectively. The packages' most
important legislative initiatives focus on improving
vehicle efficiency, i.e. on "tank to wheel"” emissions,
while the RED's transport chapter focusses primar-
ily on reducing “well to tank" emissions by promoting
alternative fuels.

The regulation on mandatory CO, standards for pas-
senger cars and vans™ and the sister regulation on
heavy-duty vehicles do not require national trans-
position. They directly require vehicle manufac-
turers to achieve efficiency improvements in their
fleets and, on the basis of updated, specific targets, to
significantly increase the number of electric vehicles,
plug-in hybrids, and/or fuel-cell electric vehicles on
the market. Nevertheless, a number of specific rules
that may have a significant climate impact remain to
be clarified.

At the EU level, the implementation priorities include
the following:

- The updated regulation on car and van emissions
sets out the reductions that need to be achieved
relative to a 2021 baseline level. This baseline will
still need to be determined individually for each
manufacturer in the years to come. At the same
time, the EU has also adopted a new regime for
measuring vehicle emissions — The Worldwide
Harmonised Light Vehicle Test Procedure (WLTP) -
and will start using fuel consumption meters from
2021 on to monitor the gap between official CO,
emissions values and actual emissions under real-
world conditions.’? These measures to close the
current gap between theoretical standards and real
world emission levels should stimulate the deploy-

ment of fuel-efficient vehicles and cut emissions.

Where renewable energy used in transport is con-
cerned, the EU needs to clarify the following issues by

means of delegated acts:**®

- By 2021, the European Commission will need to
introduce a GHG reduction threshold and a GHG
accounting method for recycled carbon fuels (such
as those from plastic waste).

- Moreover, it will need to develop a system to
ensure that renewable electricity used in transport
is 'additional, meaning that it is not counted as part
of the national baseline for renewable power gen-
eration. This will be crucially important in ensuring
the closer integration of the various energy sectors.

Member states need to deliver on the following
implementation priorities:

- The overarching challenge for all member states
is to design a package of transport policies that
makes it possible to reduce the transport sector'’s
emissions in line with national targets under the
Climate Action Regulation, despite the growth of
the sector in recent years. In particular, it will be
important to adopt taxation regimes that incen-
tivize the uptake of ultra-low emission cars and
reduce sales of high-consumption diesel and gas-
oline cars. This will mainly involve purchase and
registration taxes and company car taxes. Mem-
ber states will also need to implement measures
to increase demand for zero-emissions vehi-
cles, which may take the form of incentives, fiscal
measures, or measures to accelerate the deploy-
ment of charging infrastructure.

- Member states also need to accelerate implementa-
tion of the current Alternative Fuels Infrastructure
Directive in order to reduce barriers to the uptake
of zero emissions vehicles and ensure a sufficiently
dense, fully interoperable, and accessible recharg-
ing and fuelling network.

- At a more detailed level, member states will need
to specify the planned level of renewable energy
use in the transport sector in their national energy
and climate plans, as well as the fuels and alter-
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native technologies that will be used to reach this
target. Since member states are free to cap the level
of conventional biofuels from food and feed crops
at 0, the national transport target can be as low as
7%, which may necessitate additional incentives to
meet the collective EU target.!**

The power sector

In its 2016 Clean Energy Package, the EU acknowl-
edged the pivotal role of the power sector, in which
renewable electricity penetration levels are now
expected to reach over 55% by 2030 Accordingly, the
package proposed a new set of rules governing the
electricity market and renewables. The overarching
aim of these is to make the electricity markets more
flexible so that they can accommodate rising levels
of variable wind and solar power, and new sources
of demand (such as electric vehicles and heat pumps)
while maintaining grid stability.

The implementation tasks at the EU and regional
levels include:

- Advancing the Single Electricity Market by effec-
tively applying existing implementation standards
known as network codes (concerning, for example,
the integration of intra-day markets), monitoring
the use of interconnectors, conducting a bidding
zone review, and supporting the regionalisation of
system operation.

- Supporting, monitoring, and enforcing the new
EU laws on the functioning of electricity markets.
Particularly important areas here include market
payments to certain market participants in return
for their ready availability (known as capacity
mechanisms), enhancing the role of demand side
response, and further developing wholesale mar-
kets.

- Adequately implementing the methodology for the
European resource adequacy assessments, which
play a key role in establishing whether a national
government is allowed to put in place a capacity
mechanism.

- Reviewing the current environmental and energy
state aid guidelines that will assume even greater
importance as a result of the electricity-led decar-
bonisation of the transport and buildings sectors.

The implementation priorities for member states
include the following:

- As part of their national energy and climate plans,
national governments need to determine the level
of final electricity demand that they plan to satisfy
using renewable sources by 2030. The plans will
need to include a trajectory showing the expected
contribution of the various technologies over time,
along with measures to increase the flexibility of
the energy system with regard to renewable energy
production.

- Member states will need to implement the detailed
requirements of the revised Renewable Energy
Directive, which aims to establish a favoura-
ble environment for renewable energy invest-
ment. These include provisions on reliable support
schemes without retroactive changes and require-
ments for Member States to provide five years'
visibility on renewable energy auctions (including
timing, volumes, and budgets). The requirements
also address streamlined administrative proce-
dures (for repowering projects in particular), grid
access, information and training, and the facili-
tation of self-generation and self-consumption
(particularly with regard to roof-top photovoltaics),
as well as joint investment by renewable energy
communities, the development of sustainability
standards for biomass-based energy use, and the
obligation for member states to remove adminis-
trative barriers to corporate renewable power pur-
chase agreements

- Compliance with air pollution standards will need
to be ensured for large combustion plants under
the EU Industrial Emissions Directive. Specific air
pollution standards have been set out in technical
documents detailing the best available technologies
to reduce emissions of various pollutants. By mid-
2021, public authorities will need to update oper-
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ating permits and require plant operators to adhere Industrial greenhouse gas emissions are regulated

to these standards. Member states will nonethe- by the EU Emissions Trading System, the Indus-

less retain a certain level of flexibility in setting the ~ trial Emissions Directive (IED),"* the Ecodesign

emissions limits. They may also choose to exceed Directive,*® and by circular economy measures.

the European minimum standards and insist on

stricter national limits. At the EU level, the implementation priorities include:
- Where electricity market reform is concerned,

member states need to transpose a number of new - Establishing revised benchmark values for the

EU rules into national law. These include the oblig- free allocation of CO, emissions allowances to

atory introduction of dynamic pricing schemes, industry.*” The Commission also needs to develop

rules on smart-meter roll-out and consumer data detailed rules on how to select demonstration

handling, a limit on CO, emissions per kWh for projects involving innovative and breakthrough

plants receiving capacity payments, and the phas- industrial technologies, so that these can receive

ing out of regulated electricity prices. funding derived from auction revenues under the

EU Emissions Trading System (known as the inno-

Industry vation fund).
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- Determining how EU product standards could
help to enhance resource efficiency rather than
focussing purely on energy use. Through the EU
Ecodesign Directive, the Commission has set itself
the task of exploring new requirements related
to durability, reparability, disassembly, informa-
tion, ease of reuse, and recycling for each new or
revised standard.™® This exploratory process has
not yet been completed, but should be continued
and accelerated.

- Implementing the Commission's 2018 Circular
Economy Package, which presents a range of
potential policy instruments to improve the econ-
omy's resource efficiency, and focusses par-
ticularly on plastics and critical materials. One
important legislative measure in the policy field is
the recently agreed directive banning a number of
single-use plastic items.'®

National governments will need to deliver on the fol-
lowing implementation task:

- Applying the air pollution standards set out in the

Industrial Emissions Directive by 2021 (see above).

Conclusion

Over the last few years, the EU has adopted a range
of legislative measures that provide for ambitious
action on climate change in all energy-using sectors.
Putting these measures into practice will require the
EU to agree on a range of implementing and dele-
gated acts to settle numerous specific questions. It
will also require member states to transpose EU law
into effective national legislation and then to follow
through with appropriate implementation. Effective
implementation will require intensified cooperation
between member states and a pro-active and sup-
portive European Commission. Most importantly,
the European Commission has a key role to play in
enforcing the new set of rules and ensuring that both
EU and national targets are reached by means of an
effective monitoring system. To this end, it should
regularly review the EU’'s and member states' perfor-

mance in each sector and, where necessary, propose
timely course correction measures in the run up to
2030.

Another critical building block in Europe's energy
transition is the next EU budget, which will cover the
period between 2021 and 2027 (See measure 7.10).
Investment in Europe's clean-energy infrastructure
represents a major challenge, particularly for member
states with lower income levels and thus a more lim-
ited tax base. EU co-funding and the use of EU money
to accelerate and scale private investment is essen-
tial to expand the deployment of renewable energy
generation capacity, renovate the existing building
stock, and enhance and strengthen power, gas, trans-
port and heat networks. The budget is currently being
negotiated by the EU’s member states and the Euro-
pean Parliament.
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6 Ten priorities for the next European Commis-
sion: Meeting the EU’s 2030 targets and accel-

erating towards 2050

The transformation and progressive decarbonization
of the European energy system is a long-term pro-
ject. However, decisions taken during the next decade
will determine whether Europe can meet long-term
targets in the face of the dire threat posed by climate
change.

Member States and the newly elected European Par-
liament will soon appoint a new political leadership
for the European Commission to take up work in
November 2019. The European Commission is man-
dated with overseeing the effective implementation
of existing European laws and with guaranteeing the
function of the EU's Single Market. The Commission
also has the right and the responsibility to propose
new European laws so that these can be debated and
eventually adopted by the European Parliament and
member states in the Council.

Over the next five years, the European Commission
will have to apply all its competencies to advancing
ajust and clean energy transition in Europe. Only if
the new EU climate and energy laws are fully imple-
mented and if the transformative force of the EU's
Single Market is employed in favour of the energy
transition, will there be political space for accelerat-
ing further.

The following section lays out ten priorities on cli-
mate and energy that are primarily directed at the
new European Commission, including concrete next
steps for reaching and potentially overshooting the
EU's 2030 climate and energy targets. The ten priori-
ties were distilled from a much broader range of ideas
developed over the course of 14 months, taking into
account:

- The backdrop of energy transition megatrends in
Chapter 1,

- The public policy objectives (solidarity, security,
competitiveness and innovation) with particular
scope for EU level action in Chapter 2,

- The core strategies for achieving the 2030 targets
in Chapter 3,

- The investments, costs and benefits of energy
transition assessed in Chapter 4,

- The key implementation challenges emerging from
recently adopted legislation in Chapter 5, and

- Input received from decision-makers and experts
during the numerous meetings held as part of this
project.

The ten priorities are all EU-level measures with
strong value-added for a just and clean European
energy transition. Three priority measures tackle
effective implementation, three address the transport
sector, three the industrial sector, and a last measure
highlights priorities for the next EU budget.

For each priority we describe where Europe stands on
the specific issue, where Europe needs to be in 2030
and what should specifically be done now by the
incoming European Commission to get us there.12°
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Priority 1

A vibrant action framework for 2030:

Kickstarting and supporting implemen-
tation at the national level

- The European Parliament that assembles after the May 2019 elections should establish a Standing Com-
mittee on the European energy transition to create a political space for dialogue between national energy

transition stakeholders and EU-level decision-makers.

- In November 2019, the European Commission should launch an Energy Transition Support Service that pro-
vides member states and stakeholders with tailored support to resolve concrete implementation chal-

lenges, advance initiatives, and facilitate partnerships.

- Finally, the European Commission must also launch a series of Implementation Flagship Initiatives that
address the social dimension of the energy transition and break through existing bottlenecks (see Box 1).

Where we are today

The EU’s new framework for energy and climate
policy requires member states to draw up two plans:
(1) an integrated national energy and climate plan for
2030; and (2) a long-term plan for 2050.

The integration and long-range planning required
by this framework offers many benefits, such as
improved infrastructure planning and the avoidance
of fuellock-in and stranded assets.

The new framework includes tools to assess whether
member states and the EU are on track to meeting
their 2030 targets and to addressing deficiencies that
arise on the way. This is particularly important for
sectors outside the EU Emissions Trading System —
buildings, transport, agriculture, and parts of indus-
try. At present, only six member states expect to meet
their national 2030 targets based on current poli-
cies.!® Key priorities at present are the elaboration of
new policy measures, the effective implementation of
existing commitments, and the early development of
implementation partnerships between high-income
and low-income member states.

Inclusive dialogue around the national energy and
climate plans will help to identify the redistributive
effects and social impacts of specific energy transition

measures as well as address concerns about interna-
tional competitiveness.

Where we want to be in 2030

By 2030, Europe has an integrated, forward-look-
ing approach to energy and climate policy. Its ambi-
tious energy transition policies are aligned with other
drivers of large-scale change (such as digitalization).
Social and economic concerns are addressed as inte-
gral elements of the transition.

The EU climate and energy framework has become
the institutional backbone for a vibrant dialogue
between national governments, stakeholders, and
EU decision-makers. Where needed, existing meas-
ures are adjusted and new ones adopted. The Euro-
pean Commission is a strong partner to governments,
regions, and cities in resolving concrete energy tran-
sition challenges. Moreover, the European Union has
increased its greenhouse gas reduction target for
2030, putting it on track to become net zero by 2050
(see Chapter 7). The vast majority of Europeans posi-

tively embrace the idea of a carbon-neutral future.

What to do at EU level to get there
The energy transition in Europe needs a permanent
space for political dialogue so that the integration of
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climate and energy policy does not become a merely
bureaucratic exercise. The new European Parliament
should therefore establish a Standing Committee on
the European Energy Transition that holds regular
hearings with regions, cities, and other stakeholders
on concrete political challenges that arise in imple-
menting the 2030 framework. This committee would
complement the Commission's annual status updates
on EU climate and energy policy and technical dis-

cussions between Commission and member states.!??

The information generated under the 2030 frame-
work and the demands of member states for targeted
feedback and support will overwhelm the European
Commission in its current state, leaving a significant
gap between what the Commission can do and what
some member states expect from it. The Commis-

sion that assumes office in November 2019 should,

therefore, establish a new Energy Transition Support

Service. The service will respond to concrete requests

and provide tailored support

(i) toresolve concrete implementation challenges;

(ii) to advance concrete energy transition initiatives;
and

(iii) to facilitate partnerships between member states.

Experience with early implementation will bene-

fit stakeholders throughout Europe. Hence, the new
European Commission should launch a set of Imple-
mentation Flagship Initiatives in tandem with inter-
ested partners that address the social dimension of
the energy transition and break through existing
bottlenecks (see textbox 1).

Proposed EU-level framework to support member state implementation

and raising ambition (2019-2024)
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Box 1: Four Implementation Flagship Initiatives that address the social dimension

of the energy transition and break through existing bottlenecks

The 2030 climate and energy framework will benefit from initiatives that address the social dimension of
the energy transition and break through existing bottlenecks. It is crucial that experience be shared across
Europe to inspire further action. The following Implementation Flagship Initiatives are suggestions for catalys-
ing delivery of the 2030 climate and energy framework through concrete implementation “on the ground”.

Initiative 1: Renovate 1 million buildings by 2025 on an industrial scale

Energy efficiency renovation of buildings is progressing at a rate of only 1% per year. This is less than half
of what is necessary to reach the EU’s climate and energy targets for 2030. A crucial bottleneck is today’s
small-scale approach: for most renovation projects knowledge, service provider, materials and financ-
ing are organised from scratch. The Dutch Energiesprong model™? demonstrates that an industrialized
approach can be both feasible and affordable.

This Implementation Flagship Initiative seeks to industrialize the process of energy efficiency renovation of
buildings so that 1 million new building renovations can be completed by 2025. The initiative should build
on the Energiesprong model and scale it for the entire EU, focusing on low-income housing and office
buildings.

As part of the initiative, the European Commission should launch and co-fund 5-10 pilot projects per
member state in partnership with national agencies, cities, and industries. The purpose of the projects is
to demonstrate the feasibility of industrialized renovation of existing buildings. The European Commission
should also organize accompanying studies to identify barriers and costs. If useful for further scaling, the
next European Commission should propose before the end of its mandate an EU-wide measure to harmo-
nize market entry conditions for industrialized building renovations throughout Europe.

Initiative 2: Add 10 million solar roof-tops by 2025

In 2015, only 4.7 million households in Europe (of 219 million in total) produced power with rooftop PV,
most of them concentrated in one-third of the member states™*. Contrast this number with Europe’s total
potential, which amounts to at least 68 million households™?, and an estimated potential for 2030 of at
least 25 million™®. Despite this sluggish development, the costs for solar PV have fallen dramatically, while
rooftop PV can generate up to three times as many jobs and three times as much value creation as large-
scale PV installations.

This Implementation Flagship Initiative would add 10 million solar roof-tops by 2025 prioritizing socially and
economically disadvantaged households in member states with low residential solar PV uptake. As part
of the initiative, the European Commission should partner with regional governments and agencies to
develop custom packages that combine (i) a review of administrative and requlatory conditions for devel-
oping rooftop solar PV and identifying best practices for power system integration; (ii) the creation of a
financing strategy with the use of EU funds; and (iii) the dedicated support of training programmes for
new installers.
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Initiative 3: Support at least 100 cities in Europe to initiate the decarbonization of their heating and
cooling networks by 2025

The new EU Directives on Renewable Energy and on Energy Efficiency require that member states

progressively achieve both (1) improved energy efficiency and (2) an increase in the share of renew-

able energy and waste heat and cold within their overall heating and cooling mix. District heating

and cooling networks could contribute significantly to both of these objectives. Although decisions

regarding heating and cooling infrastructure planning and investment are made at the local level, the

Commission can play an important role in supporting and encouraging cities and regions, especially by

fostering the development of long-term planning, the better integration of EU infrastructure, and the

targeted use of EU funds.

This Implementation Flagship Initiative seeks to help at least 100 cities in Europe in developing and
launching long-term strategies for the decarbonization of their heating and cooling networks by
2025. To that end, the Commission must ensure that the district heating and cooling industry con-
tributes to EU-level discussions on the joint Ten-Year Network Development Plan between ENTSO-E
and ENTSO-G. Furthermore, it must make sure that district heating & cooling projects are eligible to
achieve the status of Projects of Common Interest (PCl).

Initiative 4: Support a just transition in coal regions

Currently, 41 regions in 12 member states rely on economic revenues from coal mining and coal use,
which provide direct employment to about 185,000 people across the EU. If the EU is to achieve its
2030 greenhouse gas reduction targets cost-effectively, coal-based power generation will decline by
two thirds (see Section 3.2). This will decrease economic revenues and eliminate a significant number
of coal-related jobs in affected regions, three-quarters of which are located in Central and Eastern
Europe.

It is possible to phase-out coal over the course of a decade. But such a transition must be planned
well in advance and be embedded in broader regional strategies developed together with affected
stakeholders. As a first step in this direction, the European Commission in December 2017 launched
the Coal Regions in Transition Platform to support dialogue and the sharing of experience between
regional governments and stakeholders.

The Implementation Flagship Initiative to support a just transition in coal regions must be underpinned
by robust financing opportunities in the next EU budget (2021-2027). Regions that are committed

to phasing-out coal mining and coal use need specific support measures to attract new employers
(companies, universities, research organizations) for worker retraining and infrastructure upgrades.

In some cases, it will be possible to combine the phase-out of coal-related jobs with the creation of
new-energy jobs, whether in renewables or in the emerging green hydrogen economy.
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Priority 2

A state aid framework that enables and

advances Europe’s energy transition

- The incoming Commission commits itself to achieve consistency of its state aid decisions with the EU's
2030 climate and energy framework. To this end, it should conduct internal assessments of relevant draft
state aid decisions with EU climate and energy objectives and train staff of DG Competition on energy
system aspects of the transition, key climate action technologies and energy market dynamics.

- The new EU Energy and Environment State Aid Guidelines should enable governments to

(i) create lead markets for industrial transformation,

ii) push for electricity-led decarbonization in the transport and buildings sectors,

iii) provide revenue stabilization for investors in specific energy transition technologies, and

iv) employ a shadow price for carbon emissions consistent with scientific studies (80-100 Euro/tonne CO,).

(
(
(

Where we are today

Today's markets do not reflect the true costs of carbon
emissions (80-100 Euro/tonne CO,). For this reason,
governments must introduce regulatory, financial,
and other supplementary measures that favour zero-
or low-emission products, services, and investments.
For example, governments across the world actively
stabilize the revenue flows of investors in capital-in-
tensive renewables.

Government measures that change market dynamics
to reflect the true cost of carbon often qualify as state
aid. The EU treaties provide the European Commis-
sion with a powerful role in this regard by prohibiting
state aid unless the Commission specifically approves
it. Commission decisions on state aid thus play a
pivotal role in the energy transition (see figure 24).

In some areas (e.g., capacity mechanisms, renewable
energy investments, industry exemptions) they are as
critical as formal EU laws on climate and energy.

To date, little effort has been made to ensure that state
aid decisions are consistent with the European energy
transition. However, as electricity-led decarboniza-
tion becomes a major force in the transport, building,
and industry sectors and as governments in Europe
actively create lead markets for large-scale decar-
bonization, state aid decisions will become even more
important than today.

Where we need to be in 2030

By 2030, state aid decisions are a powerful tool for
an energy transition that relies on market forces to
achieve its objectives. The Commission routinely
assesses the impact of state aid decisions on the
energy transition. State aid decisions taken in the
2020s must enable member states to create lead mar-
kets for zero-carbon industrial products. This must
triggered new investment, accelerated technology
learning curves, and achieved significant costs reduc-
tions, all of which have advanced the clean European
energy transition and given European industries a
competitive edge in international markets.

What to do at EU level to get there

The new Commission leadership that will assume office
in November 2019 must commit to ensuring that its
state aid decisions are consistent with the EU's 2030
climate and energy objectives. To this end, the Com-
mission should establish an internal quality check of
relevant state aid decisions. This system must include a
thorough appraisal of the likely impact of state aid deci-
sions on greenhouse gas emissions and on the energy
transition. Moreover, staff members at the Commis-
sion's Directorate General on Competition should
receive regular training with regard to climate science,
the transition's energy system aspects, key technolo-
gies, and energy market dynamics. Other Commission
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services should be routinely invited to validate basic
assumptions about energy market dynamics, power
system operation, technology costs, etc.

The Commission’s updated Energy and Environ-
ment State Aid Guidelines should be crafted to enable
a market-based energy transition. Specifically, the
updated guidelines should:

(i) include a dedicated section on industrial decar-
bonization that facilitates the creation of lead
markets for zero-carbon products, processes, and
services;

(ii) support the electricity-led decarbonization of
the transport and buildings sectors;

(iii) introduce technology-specific revenue sta-
bilization for investment in capital-intensive
clean-energy technologies; and

(iv) enable governments to employ a shadow price for
carbon emissions in the range of 80-100 Euro/

tonne CO,,
Shares of overall state aid in the EU by category, 2018 Figure 25
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Priority 3

A shadow price on carbon emissions

to quide infrastructure planning and
investment decisions

- The new European Commission that takes office in November 2019 should prepare an ambitious proposal
for an EU Regulation that sets an EU-wide minimum shadow price of €80-100 per tonne of CO, emissions
and that determines how and for which specific decisions the shadow price will be applied at the EU and

national levels.

- Shadow prices should be applied to legislative impact assessments, infrastructure planning, public pro-
curement, EU project funding, and the setting of regulatory benchmarks for sustainable private-sector

financing.

Where we are today

Shadow pricing is a method used in investment and
decision analysis that seeks to more accurately con-
sider the true cost of carbon emissions. Unlike a mar-
ket price on carbon emissions, a shadow price does
not change real world prices. Instead, it is used to
better align investment decisions with climate objec-
tives, by identifying the best investment case when
markets are assumed to reflect the true costs of carbon
emissions. It is a particularly helpful instrument when
planning long-lived infrastructure (e.g. buildings,
highways, and grids) or when making investment or
procurement decisions. Carbon shadow prices are a
useful complement to explicit carbon pricing instru-
ments such as a carbon tax. One of their advantages is
that their application can be determined very specifi-
cally through the underlying regulation.

Shadow prices on carbon emissions are already in use
today. For example, German planners take shadow
carbon prices into account within the framework

of the Federal Transport Infrastructure Plan.'* The
Dutch Infrastructure Authority uses a shadow price
to evaluate environmental impacts when ranking and
selecting submitted offers.’”® And the World Bank and
the European Investment Bank use shadow pricing

to incentivize low-carbon investments.’? Shadow
prices are also used outside the public sector to guide

private investment decisions. Almost 1400 compa-
nies are already putting a price on carbon emissions
or are planning to do so.”*® However, these efforts are
mostly voluntary and the carbon price applied varies
significantly between applications.

Where we want to be in 2030

By 2030, public authorities throughout Europe apply

a carbon shadow price of €80-100 per tonne of CO,
emissions to specified planning and purchasing activi-
ties, including public construction works.>! All legis-
lative impact assessments prepared by the European
Commission apply the shadow price when evaluating
the costs and benefits of various policy options. Key EU
legislation on infrastructure planning (e.g. the Ten-Year
Network Development Plan for Electricity and Gas), on
project selection for EU funding instruments (e.g. EU
Projects of Common Interest), and on public procure-
ment was updated to include a carbon shadow price.
The European Investment Bank (EIB) uses shadow
pricing for all infrastructure projects to align its invest-
ment decisions with the Paris Agreement on climate

change.
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What to do at EU level to get there

The new European Commission that takes office
should pull together the best available knowledge on
shadow pricing methods and on specific potential
applications of carbon pricing in the EU framework.
On this basis, the European Commission should
propose an EU Regulation to set a shadow price of
€80-100 per tonne of CO, emissions and to deter-
mine how and in which specific situations the
shadow price will be applied at the EU and national
levels. Shadow prices should be applied to all EU leg-
islative impact assessments, public procurement, EU
project funding, and the setting of regulatory bench-
marks for sustainable private-sector financing.

Potential areas of application for a shadow carbon price
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Priority 4 Reducing emissions from individual
mobility: An early and ambitious
review of CO; standards for cars

The European Commission that takes office in November 2019 should conduct an early and broad review of
the effectiveness of the new CO, emission standards for cars. On that basis it should:
- propose by 2022 a further increase in ambition to ensure that by 2030 the majority of all new passenger

cars are zero- and low-emission vehicles (ZLEVSs);

- consider introducing binding ZLEV sales mandates;

- ensure that the method used to measure the energy consumption of electric vehicles and plug-in electric
vehicles under the EU’s type approval system is realistic;

- include ZLEVs in the EU Car Labelling Directive and

- propose EU legislation to safequard and improve the energy efficiency of ZLEVs.

Where we are today

CO, emission standards for cars and vans are impor-
tant for reducing CO, emissions and fuel consump-
tion, as well as for driving the uptake of zero- and
low-emission vehicles (ZLEVs). In December 2018
EU legislators reached a political agreement on an
EU regulation that will establish emission standards
for new passenger cars and vans for the years 2025
and 2030. This legislation requires a 15% reduction
in CO, emissions from new passenger cars by 2025
and a 37.5% reduction by 2030 (compared to a 2021
baseline). In addition, it gives manufacturers some
flexibility in meeting their targets if they produce
certain shares of ZLEV. The Commission will review
the effectiveness of the Regulation in 2023, while
placing a special emphasis on the representativeness
of measured CO, emissions.

This legislation is a step in the right direction. How-
ever, the new standards will not encourage the full
exploitation of the technical potential and are pro-
jected to result in CO, emissions from road transport
well above what is needed to decarbonise the trans-
port sector in line with national emission targets
under the EU's Climate Action Regulation. As a result,
member states will need to implement supplementary
and wide-ranging national measures to meet their

targets, particularly when they have comparatively
high non-ETS targets under the Climate Action Reg-
ulation. Potential supplementary measures include
raising fuel tax rates, reforming vehicle and company
car taxation policies, and levying tolls on infrastruc-
ture use. However, all of these measures are contro-
versial and difficult to adopt in practice.

Where we want to be in 2030

By 2030 the majority of all new passenger cars are
zero- or low-emission vehicles. This brings the
European Union on a path to zero emissions from
transport by 2050. Legislation mandates further
reductions in car emissions after 2030.

Zero- and low-emission vehicles sold in Europe

are highly energy efficient in order to minimize the
amount of electricity they consume, as they con-
tribute to the amount of electricity generation that
will need to be decarbonized. Realistic measurement
methods are established for ZLEVs based on real-
world conditions.
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What to do at EU level to get there

The European Commission that takes office in

November 2019 should undertake an early and broad

review of the effectiveness of the new CO, emission

standards for cars. On that basis it should:

- propose by 2022 a further increase in ambition to
ensure that by 2030 the majority of all new pas-
senger cars are zero- and low-emission vehicles
(ZLEVs);

- consider introducing binding ZLEV sales mandates;

Individual and overall efficiencies for cars with different
vehicle drive technologies, starting from renewable electricitiy
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- ensure that the method used to measure the energy
consumption of electric vehicles and plug-in elec-
tric vehicles under the EU type approval system is
realistic in order to avoid a gap between tested and
real energy consumption, as is the case for conven-
tional vehicles;

- include ZLEV into the EU Car Labelling Directive®®?
and

- propose EU legislation to safeguard and improve
the energy efficiency of ZLEVs.

Figure 27
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Priority 5 Reducing emissions from heavy trans-
port by raising ambition and increasing
member state flexibility

The European Commission that takes office in November 2019 should:

- propose by 2022 legislation that requires a -40% reduction in emissions from heavy-duty vehicles as well
as a binding new sales quota for zero and low-emission vehicles (ZLEV) of at least 25% in 2030.

- further develop its proposal for a revision of the Eurovignette Directive on road charging to enable mem-
ber states to include into national road charging regimes CO; costs of at least at €80-100 per tonne of CO;
as well as the cost of key infrastructure investment for the European energy transition in transport.

Where we are today

Freight volumes have increased significantly since
1990 and will continue to grow in the years up to
2030. At the same time, the modal shares and com-
petitive positions of road and rail freight trans-

port remain substantially unchanged. Road freight
transport dominates among inland modes (com-
prising 76% of freight volumes in 2016), while rail
freight (with a share of 17.4% in 2016)*** remains well
below its potential for minimizing the environmental
impacts of freight transport activity. Thus, the effec-
tive regulation of emissions from road freight is the
most important lever available to the EU for reducing
emissions from heavy transport.

In February 2019, provisional agreement was reached
in the trilogue negotiations regarding the first ever
EU-wide CO, emission standards for heavy duty
vehicles (-15% CO, emissions by 2025 and -30% by
2030 relative to 2019 levels, in addition to an incen-
tive system for zero- and low-emission vehicles).
While this is a welcome step in the right direction, it
falls well short of the technical potential for improv-
ing road freight efficiency (at least 40% compared to
current levels188). 34

As is the case of individual mobility (priority 4),
governments in Europe with comparatively high
national emission reduction targets under the EU

Climate Action Regulation will be obliged to put in
place additional national measures to reduce freight
transport emissions. In contrast to individual mobil-
ity, however, Member States are more constrained in
their ability to take measures that will limit the free
internal movement of goods in the EU's Single Mar-
ket - for example, through fuel taxes or road charging.
Furthermore, the proposed revision of the Eurovig-
nette Directive on road charging will not be finalized
before European elections.

Where we need to be in 2030

By 2030, Europe has electrified short-haul trucks
(batteries, hydrogen) and realized the emissions
reduction potential of long-haul trucks. The share of
ZLEVs entering the market each year reaches at least
one quarter of new vehicle registrations. The revised
Eurovignette Directive permits member states to
operate road pricing schemes that charge all vehicle
types for their infrastructure use, support the financ-
ing of key infrastructure needed for the transforma-
tion of road freight, and fully internalize the external
costs of road transport (including CO, emissions).
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What to do at EU level to get there infrastructure investments for the energy transition
The European Commission that takes office in in transport should be eligible for consideration as
November 2019 needs to kick-starts preparations for chargeable infrastructure costs (including catenary
the 2022 review of the recently adopted CO, stand- lines and inter-modal infrastructure).

ards for heavy-duty vehicles. By 2022, it should
propose legislation that requires a -40% reduction in
CO, emissions from heavy-duty vehicles as well as a
binding new sales quota for zero and low-emission
vehicles (ZLEV) of at least 25% in 2030.

Furthermore, immediately after taking office, the new
European Commission should modify its proposal

for a revised Eurovignette Directive. The proposal
should allow member states to apply road charges to
all road vehicles, internalize the cost of climate pollu-
tion, and help finance the infrastructure investments
needed for the transition to ZLEV. To this end, CO,
costs should be added to chargeable external costs
and set at 80-100 euros per tonne of CO,, in line with
the carbon shadow price (see Priority 6.3), and key

Projected transport freight demand until 2050 for the EU28 Figure 28
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Priority 6 Opening up a pathway to decarbonize
aviation and shipping fuels

- The new European Commission should propose a legislative package on the decarbonization of aviation
and shipping fuels that includes concrete arrangements for the introduction of an alternative fuels quota
in EU aviation and shipping, including measures to prevent avoidance strategies among operators.

- The package should also include robust additionality and sustainability safeguards for the sourcing of CO;
for electrofuels production, as a complement to the sustainability framework developed for green hydro-

gen (see Priority 8).

Where we are today

Though aviation currently only accounts for 3% of the
EU's greenhouse gas emissions, air travel is increas-
ing significantly in the EU and globally. By 2030,

this rise could wipe out around half of the reductions
achieved in land transport emissions. While EU ship-
ping emissions fell during the financial crisis, they
are now rising in Europe and across the world. Exist-
ing mature technologies for the direct electrification
of transport are either unsuitable here or are insuffi-
ciently energy-dense to power long-distance avia-
tion and shipping routes. Decarbonizing such routes
is therefore likely to require the use of advanced fuels
(including electrofuels and advanced biofuels), as well
as a significant increase in the efficiency of planes
and ships. Each of these approaches will require
large-scale investment in further research, innova-
tion, and scaling if they are to become viable solu-
tions. The Commission's 2016 European Strategy on
Low Emission Mobility acknowledges the need to
focus on such fuels in order to decarbonize sectors
(such as aviation) that may remain at least partially
dependent on liquid fuels.

The current fiscal and regulatory framework, how-
ever, is grossly inadequate for this task. Existing
prices fail to incentivize the necessary transition.
Although flights within the European Economic Area
have been included in the EU's Emissions Trading
System since 2012, a combination of low emission

allowance prices and tax exemptions (for aviation fuel
and VAT on aeroplane tickets) has reduced incentives
for decarbonization. Furthermore, all international
flights are excluded from the EU's Emissions Trad-
ing System. The new EU Renewable Energy Directive
requires member states to increase the levels of "new
fuels”, such as electrofuels and advanced biofuels, in
the transport sector. The flexibility of the associated
conditions nevertheless makes it highly unlikely that
any member state will prioritize the decarbonization
of aviation and shipping fuels.

Where we want to be in 2030

By 2030, active policy support for scaling up sustain-
ably produced and efficiently used drop-in electro-
fuels and other alternative fuels such as ammonia has
opened up a pathway toward a low-emissions future
for aviation and shipping. Strict additionality and sus-
tainability standards ensure that these changes in the
composition of transport fuels result in real, quanti-
fiable GHG reductions and that their production does
not harm the environment. Complementary efforts by
the International Maritime Organization and the Inter-
national Civil Aviation Organization to increase effi-
ciency standards for conventional ships and planes, as
well as continued support for technological improve-
ment, minimize the efficiency deficits of electrofuels.

74



IMPULSE | European Energy Transition 2030: The Big Picture

What to do at EU level to get there

The European Commission needs to propose a legis-
lative package on the decarbonization of aviation and
shipping fuels that includes an EU electrofuels quota
for aviation fuel supplied in the EU, as well as an EU
quota for selected novel fuels in shipping fuel sup-
plied in EU ports. This proposal should be designed

in such a way as to ensure that the use of electrofuels
in aviation and shipping is prioritized over their use
in road transport. The EU quotas should be as ambi-
tious as possible and should be incorporated into a
strict additionality and sustainability framework that
complements EU efforts on green hydrogen (see Pri-
ority 8). The sustainability framework should ensure
that all of the CO, required for carbon-based electro-
fuels is derived exclusively from atmospheric sources
or from sustainable biomass. Member States should
be enabled to prevent tankering and other avoidance

strategies such as moving aviation hubs overseas.

EU aviation and shipping transport emissions are projected
to grow by 20% (2015-30), and far more globally
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Priority 7 A strong, competitive, and sustainable
battery industry in Europe

- The new European Commission should launch a broad industrial strategy that combines regulation, financ-
ing, research, and international trade to promote a strong, competitive, and sustainable European battery

industry.
- The Commission should propose:

- EU legislation setting minimum environmental and sustainability requirements for batteries sold in Europe.
- Ambitious recycling targets for strategically significant raw materials (particularly lithium and cobalt)

as part of a reformed EU Battery Directive.

- The inclusion of cobalt in the EU Regulation on Conflict Minerals.
- The Commission should establish a European clearing house for battery life cycle data to improve
transparency on energy and raw materials consumption in battery manufacturing.

Where we are today

The electrification of road transport is picking up
speed. A number of car manufacturers have recently
made announcements concerning the purchase of
battery materials, the introduction of electric vehi-
cles, and the phasing out of internal combustion
engines. Several countries in Europe have announced
they will end registrations of internal combustion
engine vehicles between 2030 and 2040.

Transport electrification will lead to a significant
rise in demand for batteries. This raises a number

of concerns. First, Europe risks replacing its current
dependence on oil imports with a new dependence
on imports of batteries and non-renewable materials
such as lithium or cobalt, which are only mined in a
limited number of countries. A further concern is the
environmental footprint of current battery technol-
ogies, which is chiefly related to the emissions from
the energy consumed in their production and the use
of certain raw materials, particularly lithium, cobalt,
nickel and graphite.

Against this backdrop, the European Commission
launched the "European Battery Alliance” in October
2017 as a cooperative platform to help create a com-
petitive manufacturing value chain for sustainable
battery cells in Europe. In May 2018, the Commission

presented an "EU Strategic Action Plan for Batter-
ies" 3% which aims in part to support the sustainabil-
ity of EU battery cell manufacturing by encouraging
the lowest possible environmental footprint. To this
end, the Commission is now looking at design and use
requirements for batteries sold on the EU market. It
envisages the development of European standards for
the production, (re-)use, and recycling of batteries,
and is addressing the ethical sourcing of raw materi-
als for the batteries industry.

Where we need to be in 2030

In 2030, Europe should be home to a strong, com-
petitive, and sustainable battery industry. Auto-
motive batteries sold in Europe should comply with
environmental and sustainability standards that
ensure transport electrification leads to real emis-
sions reductions and is socially and environmen-
tally sustainable. An effective recycling structure for
lithium ion batteries should be in place across the EU
and high domestic recycling rates for non-renewable
battery materials should be complemented by inter-
national trade relations that enable such materials to
be responsibly sourced. Decision-makers and stake-
holders should have access to transparent informa-
tion on energy and materials consumption in battery
manufacturing.
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What to do at EU level to get there
Building on the European Battery Alliance, the new
European Commission should launch a broad indus-
trial strategy to develop a strong, competitive, and
sustainable battery industry in Europe. The strat-
egy should combine the EU's power to standardize
and shape sustainable battery markets with targeted
finance for R&D and international trade instruments.
In order to ensure battery sustainability in both
design and use, the Commission should propose min-
imum environmental and sustainability requirements
on the basis of a life cycle approach that addresses
production-related greenhouse gas emissions for all
batteries sold in Europe.

The Commission should use the upcoming reform of
the EU Battery Directive to propose ambitious recy-
cling targets for strategically significant raw materi-
als used in batteries (particularly lithium and cobalt)
and should recommend that cobalt be included in the
EU Regulation on Conflict Minerals.

The Commission should create a European clear-
ing house for anonymized battery life cycle data to
improve knowledge on energy and raw materials
consumption, while respecting competition.

Global lithium demand for lithium-ion electric vehicle batteries in 2015, 2030, and 2050 is much

smaller than resource availability even in scenario consistent with 2°C temperature increase
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Priority 8 Establish the foundation for a scalable
green hydrogen economy

- As part of its upcoming Gas Package, the Commission should propose a binding, gradually increasing
EU-wide renewable gas quota for natural gas suppliers, rising from 2 percent of overall final gaseous
fuels demand in 2022 to 10 percent in 2030. This is projected to equate to some 370 terawatt hours in

2030.

- A sub-quota should require at least one third of the annual renewable gas share to be supplied by green
hydrogen. This will ensure that EU green hydrogen production and electrolyzer capacity grow to at least
120-125 terawatt hours and 30 gigawatt, respectively, by 2030.

- The Commission should include in its proposal a rigorous sustainability framework for green hydrogen
and CO,-based electrofuels to ensure the additionality of the renewable electricity used for its production.

- Finally, the Commission should work with stakeholders to harmonize technical rules for managing higher

shares of hydrogen in existing gas grids.

Where we are today

Low-carbon technologies are still expensive in key
areas of industry, such as steel and chemicals. The
longevity and capital intensiveness of investment in
these areas mean that most plants built in the next
decade will still be in operation in 2050. If low-carbon
technologies are to be deployed across the EU by 2050,
they must be commercialized over the next decade.
This is essential for carbon lock-in to be avoided.

Green hydrogen produced with electrolysis will play
an important role in replacing fossil fuels in many
industrial sectors. At present, however, green hydro-
gen is not competitive with fossil methane (natural
gas) or with fossil-based, grey and blue' hydrogen.
Driving down the cost of green hydrogen requires
reducing the investment costs of electrolysers by
scaling up unit sizes and standardizing and commod-
itizing the underlying technology. At the same time,
the pathways for green hydrogen and CO,-based
electrofuels (see figure 31) face significant uncertain-
ties with regard to infrastructure, sustainability, and
end-use prioritization. A rapid scale-up of invest-
ment in new large-scale electrolysis capacity will
require the creation of a robust sustainability frame-
work and the adoption of financial de-risking instru-
ments. One such instrument could be a binding quota

or feed-in tariffs for injecting green hydrogen in the
existing natural gas network so as to enable guaran-
teed off-take with long-term contracts.

Where we want to be in 2030

A European framework has been put in place that
enables the scaling up of production and use of green
hydrogen. Various industrial sectors consider green
hydrogen as a medium- and long-term decarboniza-
tion option, and a robust sustainability framework for
green hydrogen and electrofuels is in place to ensure
further scalability. Harmonized EU-level rules allow
a higher share of hydrogen in existing gas transmis-
sion and distribution grids — helping to displace fossil
methane across the EU while maintaining the EU's
single market.

What to do at EU level to get there

As part of its upcoming Gas Package, the Commis-
sion should propose a binding, gradually increasing
EU-wide quota for renewable gases (biogas, biometh-
ane, green hydrogen, synthetic methane). The quota
would require suppliers of natural gas to include a
gradually increasing share of renewable gas in their
product, rising from 2 percent in 2022 to 10 percent
of overall final gaseous fuels demand (measured in
TWh) in 2030.
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A sub-quota should require one-third of the share
of renewable gases in each year to consist of green
hydrogen. Green hydrogen that is supplied outside
of the natural gas network (e.g. in separate hydrogen
networks) may be counted towards the natural gas
suppliers obligation.

Projected demand for gaseous fuels in 2030 in the
baseline scenario of the EU Long Term Strategy

is 3720 terawatt hours. Hence, 10 percent of this
amount would equate to some 370 terawatt hours of
green gases in 2030, of which about 120-125 ter-
awatt hours would stem from green hydrogen. The
objective would ensure that the EU would increase its
total electrolyzer capacity to at least 30 GW by 2030.
This is needed in order to scale up green hydrogen
and CO,-based electrofuels after 2030 so as to fully
decarbonize fuels by 2050.

Production process for electrofuels
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Electricity from renewable energy

90
)

Electrolysis

| R «
oo KPR
20 ’I‘FF% -

de

Water

Agora Verkehrswende (2018)

For green hydrogen to reduce greenhouse gas emis-
sions without adversely affecting the environ-

ment or social sustainability, the power that is used
to produce green hydrogen must come solely from
additional renewable power installations. The Com-
mission should therefore include in its proposal a rig-
orous sustainability framework for green hydrogen
and CO,-based electrofuels.

Finally, the Commission should cooperate with rele-
vant stakeholders to develop a new hydrogen net-
work code that harmonizes technical rules on the
content of hydrogen in gas grids with the aim of gen-
erally enabling a share of at least 15% hydrogen by

volume across the EU.

Figure 31
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Priority 9

“Buy Clean Europe” Create lead markets

for low-carbon cement and steel

The new European Commission should launch a “Buy Clean Europe” initiative that includes:
- A proposal for an EU Directive that obliges public authorities to purchase low-carbon cement and

zero-carbon steel in public infrastructure projects.

- A proposal for an amendment to the Clean Vehicles Directive that requires vehicles purchased by public
authorities to contain a minimum share of green steel.

Where we are today

While new methods and technologies are enabling
the greener production of key commodities such as
cement and steel, price remains the decisive driver of
commodity purchase decisions. In the absence of a
global carbon price, commodity producers thus have
little economic incentive to invest in green inno-
vation, as this threatens to undermine their price
competitiveness. This is a pressing problem, as the
commercialization of industrial decarbonisation
technologies is essential over the near-term if wide-
spread adoption is to take place after 2030.

Public authorities are a major source of demand in
many European markets. In 2015 public purchasing,
excluding utilities and defence, accounted for more
than 2 trillion euros, some 13% of EU GDP.’*® Current
EU procurement laws allow but do not oblige pur-
chasing authorities to include environmental perfor-
mance criteria in public tenders. In real-world prac-
tice this option is rarely exercised.’

Against this backdrop, in February 2019 the Council
and Parliament found a political agreement on a revi-
sion of the EU Clean Vehicles Directive'® that would
oblige public authorities to meet minimum procure-
ment targets for clean vehicles (light-duty vehicles,
buses, trucks) in 2025 and 2030. If formally adopted,
the negotiated agreement will send a strong signal
that procurement activities must become a driver of
the European energy transition. Notably, the EU does

not yet apply a similar approach to public infrastruc-
ture investments. This is surprising considering the
importance of infrastructure for effective decarbon-
isation (see chapter 4.6). Furthermore, the purchase

of low-carbon cement and low-carbon steel would
only have a minor impact on end-consumer prices for
buildings and vehicles (see figure 32).2*°

California, the world's fifth largest economy, recently
adopted the "Buy Clean California Act"*° The law
obliges purchasing authorities to take climate change
into account in their planning and investment deci-
sions and to employ full life-cycle cost account-

ing when evaluating and comparing infrastructure
investments. It applies to construction materials
such as steel and glass (including to mineral wool for
insulation) whether these are domestically produced
or imported. Due to its full life-cycle approach, the
law addresses emissions embodied in products and
thereby avoids the taxpayer financing of construc-
tion materials produced in countries with highly car-
bon intense energy systems.

Where we want to be in 2030

The "Buy Clean Europe” initiative has ensured that all
public infrastructure projects progressively use low-
and zero-carbon materials based on a full life-cycle
approach and that vehicle companies progressively
use green steel for cars, buses, and trucks. In this
way, domestic demand provides innovative compa-
nies with the stability needed to invest in low- and
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zero-carbon products. By extension, the EU steel and
cement sectors are competitive and key exporters of
low- and zero-carbon solutions in rapidly growing
international markets.

What to do at EU level to get there

The new European Commission should launch a "Buy

Clean Europe” initiative that targets the cement and

steel sectors, where innovation in low- and zero-car-

bon products is urgently needed before 2030. To pro-
vide the sector with a reliable investment and inno-
vation framework, the European Commission should:

- Propose an EU Directive that obliges public author-
ities to step-by-step increase the purchasing of
low-carbon cement and zero-carbon steel in all
public infrastructure projects.

- Propose an amendment to the Clean Vehicles
Directive that requires vehicles purchased by pub-
lic authorities to contain a minimum share of green
steel.

Maximum decarbonization costs for cement and steel

Cost per tonne of CO;
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Priority 10 Prioritize energy transition in the new
European budget for 2021-2027

- The next EU budget should make at least 25% of non-climate-related funding under the Cohesion and
Structural Funds conditional on the fulfillment of certain basic criteria related to the European energy

transition.

- The new EU budget should explicitly ban funding for fossil fuels and establish a shadow carbon price of
€80-100/t CO; for the prioritization of funding funding for infrastructure projects.

- The European Commission should insist that operational programmes negotiated with member states
reflect key budget priorities in support of the European energy transition (see Box 2) and enable the
European Energy Transition Support Service to support flagship initiatives (see priority 1).

Where we are today

Reaching the EU's climate and energy targets for 2030
will require additional investments of around 144 bil-
lion euros per relative to current policies euros per
year, mostly from private sources. However, pub-

lic funding will play an important role as a driver of
investment activity. By financing critical infrastruc-
ture such as electric vehicle charging networks, pub-
lic authorities can pave the way for increased pri-
vate-sector investment and consumer demand. Public
funding will also be important when market partici-
pants do not have an incentive to act. The construction
of interconnectors between national power systems,
for example, requires government initiative. Pub-

lic spending can also augment the impact of private
investment when used to support specific activi-

ties. Public and private partnerships are particularly
important for the development of energy technologies

with high upfront costs and associated financing risks.

Comprising just 1% of EU GDP, the EU budget is small
compared to the national outlays of member states.
However, in certain areas, the EU budget fulfills cru-
cial functions. In many Eastern and Southeastern
Europe, for example, government investment in pub-
lic infrastructure is reliant to a significant extent on
EU funding. Furthermore, EU research funding is one
of the most important sources of funding for univer-
sities and research centres in Europe.

National budgets normally follow annual cycles. The
European Union, by contrast, uses multi-annual bud-
gets that are normally seven years in duration. The
next EU budget is for the period 2021-2027. These
will be decisive years for the European energy tran-
sition and for entering a pathway to net-zero emis-
sions by mid-century.

The Commission proposed a new EU budget in the
summer of 2018, which is slated for adoption in
2020. The proposed budget foresees a general ear-
mark for “climate action” However, little effort has
been made to strategically channel EU funding to the
most pressing investment priorities in the European
energy transition. Moreover, the proposed budget
does not rule out EU funding for investment into new
fossil fuel infrastructure.?

Where do we need to be in 2030

By 2030, EU funds have triggered substantial spend-
ing on clean-energy infrastructure, both by national
governments and the private sector. EU research and
innovation funding plays a crucial role in develop-
ing and scaling up the transformational technologies
needed to achieve a net zero economy. EU funding is
used to assist regions transitioning away from coal
mining and use. Well before 2030, fossil fuel assets
do not anymore receive EU funds, with the limited
exception of investment to upgrade existing gas and
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heating infrastructure to accommodate a decarbon-
ized energy supply.

What to do at EU level to get there
Atleast 25% of funding not related to climate action
under Cohesion and Structural Funds should be made
conditional on member state fulfillment of the follow-
ing criteria:

(1) the adoption of planning to make a fair contribu-
tion to achieving EU targets on energy efficiency
and renewables;

(2) the development of a long-term building renova-
tion strategy; and

(3) the implementation of EU renewables and effi-
ciency legislation.

EU budget laws should explicitly ban funding for
fossil fuels and set a shadow price of €80-100 for
identifying infrastructure projects eligible for fund-
ing from the EU budget.

When negotiating "operational programmes"” imple-
mented by member states to determine how EU fund-
ing is spent, the European Commission should ensure
that key financing needs in support of the European
energy transition (see Box 2) are fully met and that
the Energy Transition Support Service is able to sup-
port Implementation Flagship Initiatives that address
the social dimension of the energy transition while
breaking through existing bottlenecks.

Share of cohesion policy funding in public investment per Member State (%), 2015-2017 Figure 33
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Box 2: Key budget priorities to support member state implementation of the
2030 climate & energy targets

This report has highlighted various actions that can be taken to address the social dimension of the Euro-
pean energy transition and to surmount existing bottlenecks. Some of the measures we have described -
such as the Implementation Flagship Initiatives described in priority 1 - seek to catalyze private sector
activity and may require a contribution from public funds to go forward. In other cases, the described
measures represent a mere prioritization of public spending. The budget priorities discussed in the follow-
ing fall under this second category. However, we do not provide an exhaustive list of the areas in which
public funds could usefully accelerate the European energy transition.

EU budget measures to support the European energy transition

Guarantee renewable investment to support the scaling of low-cost wind and solar

Some member states with significant untapped renewable energy potential are impaired by high financ-
ing costs for renewable energy investment. This makes renewables much more expensive than neces-
sary, despite drastic declines in technology costs. Reducing the financing costs for renewables to levels
currently found in Germany or France would save taxpayers and consumers many billions of Euros™4.

The EU budget should enable member states to transfer 5% of allocated Cohesion and Structural Funds to a
European guarantee scheme that will reduce investor risk and thus lower the financing costs for renewable
energy infrastructure. It appears advisable to maintain the EU budget guarantee and to expand its use, e.q.
by combining it with the EU renewable energy financing mechanism (see below) or by allowing national and
international public financial institutions to inject additional funds into the budget guarantee mechanism.

Contribute to the EU renewable energy financing mechanism

The new Energy Union Governance Regulation requires the Commission to establish an EU renewable energy
financing mechanism by 1 January 2021. This financing mechanism is to serve as the key EU “gap filler” instru-
ment in the event member state commitments to build up renewables do not add up to the EU-wide target
(@mbition gap), or if the EU is significantly off-track in meeting its planned trajectory (delivery gap). The mech-
anism would accomplish this goal by tendering support for new renewable energy projects. Currently no
funds are earmarked for this purpose, the only funds foreseen are voluntary contributions by member states.
To ensure the instrument can fulfil its intended function the Commission should annually transfer unused EU
funds into the financing mechanism from the beginning of the next multi-annual EU budget.

Finance infrastructure for e-mobility and a modal shift

Overall, member states continue to allocate more EU funds to roads than to rail infrastructure and often
do not specifically target rail freight needs. EU investment in multimodal projects (e.q. in rail-road termi-
nals) has been low compared to other infrastructure. There is also a geographic imbalance in the distri-
bution of multimodal TEN-T projects between EU member states (about 90% of such projects are within
Western and Northwestern Europe). A similar geographic disparity between Western and Eastern Europe
could temporarily develop in charging infrastructure for electric vehicles. While public charging infrastruc-
ture is generally expected to be adequate, Southern, Central and Eastern Europe will significantly lag
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behind Northern and Western Europe, based on member state plans. EU funding from the Connecting
Europe Facility should help to ensure the whole EU territory is given the same opportunity to be con-
nected by rail and a comprehensive electric vehicle charging network.

EU Budget for people and regions

Scale up finance for building renovations in Central and South-Eastern Europe

Much of the cost-effective potential for renovating buildings is located in Central and South-Eastern
Europe. This region includes the poorer member states of the EU. Energy poverty and vulnerability to
gas-supply disruptions are additional challenges. At the same time, EU funding plays a key role in the
region: five of the region's member states draw more than 50% of their public investment funding from
EU cohesion funds; the corresponding EU-wide figure is just 13%. However, these Member States do not
have policies to encourage large-scale building renovations and often lack project development capacity
at the regional and local levels.

The Clean Energy for All Europeans package includes a “Smart Finance for Smart Buildings” initiative that
aims to make investment in residential energy efficiency projects more attractive to private-sector inves-
tors. The EU budget should be used to follow through on this important initiative; among other things, the
budget should introduce: (1) financial platforms, and (2) one-stop shops at the regional level to help reduce
the cost of energy renovation by bundling small projects into larger ones. The Commission’s newly estab-
lished “Energy Transition Support Service” could help to disseminate expertise and best practice in the
region while also facilitating the implementation partnerships between member states.

EU budget for research and innovation

Fund research & innovation in immature, early-phase technologies

The EU should provide at least 1 billion euros in support from Horizon Europe and the ETS Innovation Fund
for research and innovation projects focused on 100% hydrogen grids and hydrogen-based industrial decar-
bonization technologies (e.g. direct reduction of iron). To ensure full use of these funds, the funding programs
should provide attractive co-financing conditions appropriate for the high-risk nature of these projects.

With regard to transport, the EU budget for research and innovation is limited (as it is only equivalent to
0.2% of the European automotive industry’s total investment in R&D)."*> The money allocated for research
and innovation in transport should target areas that otherwise might not find adequate private-sector fund-
ing. This includes the development and demonstration of less mature, early-phase technologies, including
solid-state batteries, overhead electric catenary lines, electric passenger airplanes, and electrofuels

Fund innovation in direct air capture technologies

Direct Air Capture (DAC) technology will have to be further developed if the CO, for carbon-based electro-
fuels is to be sustainably produced over the long term. DAC is currently only available at the scale of pilot
projects. As long as low-cost CO2 is available from the cement and steel industries, investment in DAC
will not reach the scale needed for rapid cost reductions. To deliver significant production volumes in the
medium term, DAC must become cheaper in the next decade. Thus, the EU should provide direct financial
support for the development of this technology using Horizon Europe funding.
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7  Stepping up the EU’s climate ambitions:
The pathway to Net-Zero Europe

In view of the severe risks posed by
global warming tipping points...

In October of 2018, the 195 governments that make
up the Intergovernmental Panel on Climate Change
(IPCC) released the Special Report on Global Warming
of 1.5 °C.*¢ The report describes the harmful effects
that could result if the earth warms more than 1.5 °C
above pre-industrial levels. More importantly, the
report concludes that an increase of 2 °C or more is
likely to trigger irreversible tipping points in climate
systems, including the large-scale melting of polar
ice and the release of huge reserves of methane cur-
rently trapped in ocean sediment and permafrost. It
is imperative that we avoid crossing these tipping
points. Indeed, the projected impacts of global warm-
ing differ dramatically depending on whether the
temperature rises 1.5°, 2°, or to 2.5° C; every tenth of a
degree counts.

...the EU must reduce greenhouse gas
emissions to net zero by 2050

The signatories of the Paris Agreement, which
include the Member States of the EU, have pledged to
limit global warming to "“well below 2 degrees”. There
is broad agreement that remaining "below 2 degrees”
will require that the European Union reduce green-
house gas emissions to net zero by 2050. Doing so
will be a challenge. The EU's 2030 targets are merely
the halfway point.

In March of 2018, the EU heads of state tasked the
European Commission with developing a 2050
strategy.’’ The Commission presented a long-term
strategy in November of 2018, a few days before the
start of the UNFCCC Conference in Katowice, Poland.
Based on its scenarios, the Commission found that

reaching carbon neutrality in 2050 is both techni-
cally feasible and economically affordable.

The problem is that the EU's current target for 2030

- a40% reduction of greenhouse gases - is too timid.
If the EU wants to reach carbon neutrality by 2050, it
must move further and faster now. Otherwise it will
have to double or triple its reductions in the years
after 2030. Stepping up the EU's climate ambitions
will be one of the main political challenges facing the
incoming European Parliament and the European
Commission.

The question is not whether the
EU should increase its 2030 climate
ambitions but how much...

The issue of more ambitious climate targets will be
on the EU's policy agenda immediately following the
appointment of a new European Commission later
this year. That is because the binding "review and
ratcheting up” procedure of the Paris Agreement is
scheduled to take place for the first time in 2020
(see figure 34). It requires that the 184 parties to the
agreement review their national contributions for
limiting global warming and set more ambitious tar-
gets as needed.

The first review and ratcheting-up process will be a
crucial moment for the Paris Agreement because the
outcome will show whether the climate treaty can
deliver. During the process, the European Union and
its Member States will be under the spotlight. There
are a number of reasons for this: France hosted the
2015 global climate conference that adopted the Paris
Agreement; Europe, a highly industrialized region,
is expected to be at the forefront of devising effec-
tive strategies for combatting climate change; the
EU and its Member States have traditionally been a
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Time-table of important dates 2018-2030 Figure 34
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leading voice in global climate policy; and, finally, the What emission reductions can be
2020 UNFCCC conference will take place in Western expected from current policy?
Europe as per UN rules.

The EU's current 2030 target of reducing green-

Politically, therefore, the question is not whether the house gas emissions by 40% dates back to a deci-
EU will increase its current pledge — a 40% reduc- sion by EU heads of state in October of 2014, more
tion in greenhouse gas emissions by 2030 - but how than a year before the Paris climate summit. The
much, and whether their new ambitious target will EU's main climate change laws for 2030 (the Emis-
set Europe on a pathway to net-zero emissions by sions Trading System and the Climate Action Regu-
2050. lation for emissions outside the ETS) were calibrated

using this target. However, EU legislators implicitly
decided to increase greenhouse gas reduction levels
when setting the 2030 targets for energy efficiency
and renewable energies (32.5% and 32%, respectively).
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European Commission calculations for its long-term
strategy show that the achievement of these targets
would reduce greenhouse emissions in Europe by
slightly more than 46% by 2030%¢,

Achieving a 46% reduction by 2030 is easier said
than done. And the kind of challenge it represents
differs significantly between emissions under the
EU's Emissions Trading System (roughly 40% of
emissions) and emissions in sectors outside the EU
ETS (transport, buildings, agriculture, parts of indus-
try). As of this report's printing, the European Envi-
ronment Agency has projected that only six Member
States will meet their 2030 national reduction targets
for emissions outside the EU ETS based on current
trajectories.*® The situation is particularly challeng-
ing because the EU's new vehicle efficiency stan-
dards stop short of what is technically possible and
the current building retrofit rate is less than half of
what would be needed to meet non-ETS targets.

The task is less daunting on the ETS side. Indeed,
market dynamics and increases in renewables make
it likely that CO, emissions from fossil-fired power
plants and industrial installations subject to ETS
emission caps will continue to fall faster than needed
to meet reduction targets for these areas. For more
than a decade now, annual ETS allowances have
exceeded market demand. In 2018, ETS emissions
were 10% below the cap.!*®

The rapid decarbonization of the power sector is a
welcome development because it makes the electric-
ity-led decarbonization of the transport and building
sectors even more effective through sector coupling.
The trend will also provide some flexibility for Mem-
ber States, allowing them to offset a portion of their
obligations in non-ETS sectors as part of a broader
package to step up EU climate ambitions.

International cooperation enables more
ambitious climate targets

Article 6 of the Paris Agreement permits its parties to
cooperate when implementing their national contribu-
tions for emission reductions. That means that surplus
reductions from countries that exceed their targets
can count towards the targets of other countries. The
objective is to make it easier for countries to set more
ambitious climate targets. Three types of cooperation
are possible: direct bilateral cooperation (Article 6.2),
the sustainable development mechanism (Article 6.4),
and non-market-based approaches (Article 6.8). The
guidelines, rules, and terms of this cooperation are still
being negotiated as part of the UNFCCC conferences;
they will be finalized at COP 25 (November 2019, Chile)
and COP 26 (November 2020, Western Europe).

In principle, Article 6.2 and Article 6.4 work much like
the Emissions Trading Scheme and the Kyoto Proto-
col's Joint Implementation (JI) and Clean Development
Mechanism (CDM). However, credits from unsound ]I
and CDM projects were the main reason for the severe
crisis that the EU Emissions Trading Scheme experi-
enced between 2011 and 2017. "Hot air" ]I credits from
the Ukraine and Russia flooded the EU ETS in 2011
and 2012, along with credits from Chinese HFC CDM
projects with little environmental merit. After 2012,
these credits were banned from the EU ETS, but the
damage was already done: the 1.5 billion useless J1/
CDM credits that entered the EU ETS greatly contrib-
uted to the surplus we still see in the scheme today.
Only the latest reforms of the EU ETS - the introduc-
tion of a market stability reserve and a surplus can-
cellation mechanism - will finally resolved the issue,
but they don't come into effect until 2023.

When completed, the rulebook for Article 6 of the
Paris Agreement will offer a fresh approach to inter-
national cooperation with national climate targets.
Assuming that the rules fully comply with environ-
mental integrity standards, they will provide incen-
tives for the EU to set more ambitious climate targets
while increasing international cooperation.
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A proposal for a new EU 2030 climate
target: a 50% reduction in greenhouse
gases relative to 1990 levels, with up to
4% through international cooperation
under Article 6 of the Paris Agreement

In light of the points raised above, we propose that the
European Commission, the European Parliament, and
the European Member States come to an agreement
for setting more ambitious climate targets. The agree-
ment should consist of the following four elements:

1. The EU must resolve on achieving a 50% reduction
of greenhouse gas emissions by 2030 relative to
1990 levels. 46% of the reduction must come from
domestic action, while up to 4% may derive from
international cooperation with non-EU partners, in
accordance with Article 6 of the Paris Agreement.

2. The Commission must calculate the reduction con-
tributions from the higher renewable energy and
energy efficiency targets in the ETS and non-ETS
sectors. Of the 4% reduction achievable through
cooperation under Article 6.2 member states must
clarify which emissions reductions will occur in
the ETS and the non-ETS sectors; through domes-
tic climate action or international cooperation. The
ETS linear reduction factor and the national targets
under the Climate Action Regulation should then be
adjusted to reflect the 50% reduction.

3. The Climate Action Regulation must provide addi-
tional options for Member States to use ETS cer-
tificates to offset portions of their new national
non-ETS targets. This new flexibility option will
complement existing flexibility options that already
allow a degree of offsetting for some member states.

4. The EU must create an independent body for ver-
ifying the merit of the projects and credits that fall
under Article 6 of the Paris Agreement together
with an effective appeals procedure. In order
to identify problems quickly and to prevent the
influx of junk JT and CDM credits, the independent
body may temporarily suspend the use of emis-

sion reduction credits from Article 6 projects. In
case of appeal, the body will assess the situation
and decide whether to resume the emission credit

system.

In light of the tight time-table ahead, discussions
about the specifics of this agreement should start
immediately after the new European Parliament is
elected in May of 2019.
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8 Conclusion

The clean energy transition has become a global phe-

nomenon. It is based on a more efficient use of energy
and the progressive replacement of polluting by clean
energy sources.

There is some reason to be optimistic. The clean
energy transition is not only about climate action and
providing benefits to public health, but it also makes
good economic sense. Month by month new wind
and new solar projects achieve record-low prices
that outcompete fossil alternatives on a global scale
(figure 35). A similar break-through is expected for
battery-electric vehicles, as the energy transition
mega-trends described in Chapter 1 of this report will
relentlessly be pushing forward.

Select results of competitive auctions and power purchase agreements 2016-2018 in €/MWh

Netherlands

B wind onshore

63.6 |1/

B Wwind offshore

However, in the 2020-2030 decade we are entering
a new phase of the clean energy transition in Europe.
Nothing illustrates this better than the projected
increase in electricity from renewable sources: from
an annual average of today 32.2 percent in 2018 to
57 percent in 2030 (figure 36). The large majority of
this increase will come from wind and solar PV: elec-
tricity from wind is projected to more than double

its share in the mix while electricity produced by
solar PV projects will almost triple. Renewables will
thus move centre stage in power systems through-
out Europe. And renewable electricity will increas-
ingly help to decarbonize the buildings, transport and
industry sectors.

Figure 35
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A cost-efficient pathway to 2030 combines a sig-
nificant improvement in energy efficiency (over-

all energy consumption reduced by 17 percent) with

a significant increase of renewables (grow by two-
thirds to reach 32 percent of final demand), and a sig-
nificant reduction of fossil fuel use by one third. Such
an energy system is perfectly possible from a techni-
cal point of view. It is also affordable. As the economic
analysis have demonstrated, the benefits of a just

and clean energy transition will indeed outweigh the
costs if properly planned and managed.

However, a just and clean energy transition although
technically possible and affordable will not happen
by itself. It requires sustained political will, foreward
planning, a robust institutional framework and mar-
ket dynamics that are pushing clean energy solu-
tions. It is therefore of particular significance that
the European legislator, Member States in the Coun-
cil and the European Parliament, has just concluded
a comprehensive updating of the EU's climate and
energy framework for 2030. This is a major achieve-
ment. It shows that the European Union institutions
are able to deliver on a topic that ranks high on the list
of concerns of citizens throughout Europe.

Effective implementation of the new framework

and the unlocking of market forces in support of
clean energy technologies will decisively advance
the energy transition. For this to happen smoothly,
however, national decision-makers, regulators and
companies should be proactive and anticipate and
prepare for the changes to come. This will also allow
addressing distributional concerns as an integral part
of effective energy transition strategies.

This report has put forward then priority actions for
the next EU commission and parliament, plus four
flagship initiatives. We suggest to come up with

new directives where needed, but are also putting a
strong focus on implementation of the 2030 frame-
work in the member states. Domestic action should
be supported and facilitated as much as possible. The
flagship initiatives should address the social dimen-
sion of the energy transition and identify strategies

for eliminating existing bottlenecks. In this regard
we propose focussing on advancing an industrialised
approach to buildings renovation, on a ten million
solar roof-tops initiative by 2025, on decarbonisa-
tion strategies for district heating & cooling networks
as well as support for a just transition in regions still
dependent on coal mining and coal use.

Furthermore, the EU should use its formidable power
to standardise and shape markets to ensure that clean
technologies that we know will be needed after 2030,
will be available and more affordable at that time.
This requires robust measures for scaling the mar-
ket up-take for electrofuels in marine transport and
aviation, for kick-starting a vibrant green hydrogen
economy, for ensuring Europe is home to a strong and
sustainable battery industry, and for ensuring that
public infrastructure development progressively uses
green cement and green steel.

Last but not least, the EU's multiannual budget that
will run from 2021-2027 is the budget that must help
countries throughout Europe to invest into a clean
energy infrastructure and to ensure that the clean
energy transition is broadly perceived as a just and
inclusive project

European politicians — both in Brussels and in the
member states — now have the chance to shape
Europe's energy system such that it is fit for the
future. The targets are set, and everything that is
needed to reach them, both technically and eco-
nomically, is there to grasp. What is needed after the
2019 European elections, is political will and political
action to make it happen.
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2030 projection of renewable electricity share in European Commission’s Long Term Strategy Figure 36
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investment will be required to maintain and
replace grid components in order to ensure that
the infrastructure remains safe and reliable.
Decarbonising the gas supply will also lead to
more decentralized gas production, which has
important implications for the resulting gas
flows and infrastructural needs.

See RAP (2016).

These damages were estimated to total between
5 and 20 billion euros per year in the decade
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leading up to 2015. These figures do not include
loss of human life or damage to ecosystems. See
Eurostat (2017b).

The EEA projects damages amounting to 120
billion euros per year in a 2 °C scenario and 190
billion euros per year in a 3 °C scenario by 2050.
See EEA (2017).

See COACCH (2018).

This includes European Commission modelling
over the past decades to assess the economic
and social impacts of different climate and
energy policy choices in Europe.

In 2016, the EU produced 45% of the energy it
consumed. Of the 55% it imported, almost all
the energy consisted of fossil fuels. Oil imports
represent the bulk of these imports (60%),
followed by natural gas (30%) and coal. See EC
(2018g).

See Eurostat (2018b).

The 26% increase in EU energy import costs
from 2016-2017 is estimated to have reduced
EU growth by 0.4% of GDP in 2018 and caused a
0.6% rise in inflation. See EC (2019).

Reduced expenses for transport fuels nearly
offset increased expenses for electricity, gas,
and heating oils. See EC (2018g).

See EC (2018g).

This excludes transport. See EC (2019).

See Eurostat (2017b).

See EC (2017b).

See EC (2019).

See EC (2018g); EC (2016c); and EC (2016e).

See EC (2018g); EC (2016¢); and EC (2016e).

See EIB (2016).

See CE Delft (2016a).

See Cedefop, OECD (2015) and Pollin et. al.
(2009).

See Eurostat (2018c).

Domestic oil and gas production is expected to
fall by 50% by 2030 relative to 2010 levels. In
the 2021-2030 period, the value of imported
fossil fuels is projected to reach 421 billion euros
per annum on average. EC (2018g).

See EC (2014).
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See EC (2018g).

The Commission estimates that Europe’s energy
import dependence would fall to 20% and
natural gas imports would decline by 92% if a
net zero carbon footprint is reached by 2050.
See EC (2018g).

See EEA (2018a).

See WHO & OECD (2015).

See EC (2013).

See EC (2016c¢) and EC (2018h).

See EC (2016¢); EC (2016¢); and EC (2018h).
See EC (2018g).

In 2030, every household is expected to spend
on average of EUR 570 per year more for energy
services than in 2015 (based on 2013 prices).
However, rising GDP and household income
levels mean that energy-related expenses in
2030 will amount to roughly the same share of
household income (7.3%) as in 2015. See COM
(2018g).

See EC (2016c¢); EC (2016¢); and EC (2018h).
See CE Delft (2016a).

See EC (2018c).

See EC (2018m).

See EC (20181).

Se EC (2018k).

EEA (2018b).

See EC (2018k), Art. 33.

See EC (2018c), Art. 7; and EC (20181), Art. 8.
EC (2018k), Art. 17.

See EC (2018f).

See EC (2018d).

See EC (2018e).

EC(20009).

See ICCT (2019).

See ICCT (2019).

See EC (2018e), Art. 25; ICCT (2018a).

ICCT (2018a)

EC (2010).

EC(20009).

See EC (2018c), Art. 1 (14).

EC (2016b).

EC (2018;).
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The complete set of measures described in
Chapter 7 is also transposed into a technical
document published in parallel with this report.
For each of the proposed measures, the technical
document describes the specific legal acts that
will need to be amended or changed.

See EEA (2018b).

See articles 35, 36 and 44 of EC (2018k).

See www.energiesprong.org

CE Delft (2016b).

GEK Belgium et al. (2017).

CE Delft (2016b).

See Luhmann, H. (2018).

[ISD&i24c (2017).

However, the EIB does not strictly apply a
shadow carbon price for all energy sector
investments and is still subsidizing fossil fuels.
In 2014-2016, the EIB provided financing for 27
gas infrastructure projects worth €1.6 billion/
year. See: ODI (2017).

See https://www.cdp.net/en/campaigns/
commit-to-action/price-on-carbon [Last
accessed February 2019].

The High-Level Commission on Carbon Prices
(HLCCP), co-chaired by Nobel Laureate Joseph
Stiglitz and Lord Stern, recommended carbon
prices of $40-80 per tonne of CO, by 2020
and $50-100 per tonne by 2030 to keep global
warming below 2 °C.

EC (1999).

EP (2018).

Delgado et al. (2017).

See EC (2018b).

European Commission (2016f).

REFERENCES to DIRECTIVES

See the forthcoming Clean Vehicles Directive.
Energy Transitions Commission (2018).

See Assembly Bill No. 262, Chapter 816, “Buy
Clean California Act” Filed on 15 October 2017.
REFERENCE TO COM WE

E3G (2018).

The proposal does not mention the 25% climate
spending target. See EC (2018i).

Agora Energiewende (2018a).
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147.
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149.

150.

Bruegel (2018).

IPCC (2018).

EUCO (2018).

See EC (2018g).

These are HR, GR, HU, PT, SE, SK. See EEA
(2018b).

Agora Energiewende and Sandbag (2019).
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