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1 INTRODUCTION AND CONTEXT

We are experiencing rising, record temperatures and extreme weather events which impose ever
growing costs and threaten the livelihood of all of us. Seventeen of the eighteen warmest years on
record have occurred in the 21* century®. The message from the recent Intergovernmental Panel
on Climate Change (IPCC) report on 1.5°C is clearer than ever before’. Human activities have
caused around 1°C of global warming to date, we are already experiencing changes in weather
and climate extremes, and temperatures continue to rise’. If not managed well, these impacts will
significantly compromise global human health and safety, development, economic growth,
biodiversity and can have an impact on migration flows and spur a downward global spiral of
social fragility and conflict. Climate change is a threat multiplier that can undermine — both
inside and outside the EU — security and prosperity, including economic, food, water and energy
systems®. For a discussion on the impacts and concerns for Europe, see section 5.7.

At the same time, combatting climate change in a context of global “mega-trends” — changing
demography, technologies, digitalisation - presents an unprecedented opportunity to prepare the
European Union for a safe, prosperous and competitive 21* century. The transformation away
from a fossil fuel based economy is a vital part of sustainable development, and can be combined
with a host of benefits such as improved human health and air quality, greater energy security,
more efficient resource use and even more economic and political stability in the third countries.
The transformation provides an important opportunity for our long-term competitiveness. As
innovation accelerates, and costs of low-carbon technologies continue to fall, it is important to
ensure that the EU remains an industrial leader, that citizens are empowered in the process, and,
at the same time, to ensure that no-one is left behind. These different dimensions have been
brought together in the Energy Union and Digital Single Market®.

Recognising that climate change represents an urgent threat to societies and the planet, the Paris
Agreement sets all countries the goal of keeping global warming well below 2°C, and pursuing
efforts to limit the increase to 1.5°C. To achieve this goal, the Agreement also sets out the aim of
peaking global greenhouse gas emissions as soon as possible, and achieving a balance between
anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second
half of this century.

The Paris Agreement also invites all Parties to communicate, by 2020, to the UNFCCC, mid-
century, long-term low greenhouse gas emission development strategies. On the basis of the best
available scientific knowledge, these strategies should allow our societies to plan and prepare for
the long term, and inform policy making in the short term. This assessment supporting the long
term strategy explains not only how energy and climate policy measures have developed and
continue to evolve; it also highlights the industrial competitiveness consequences and

! European State of the Climate 2017, Copernicus Services of the European Centre for Medium-Range
Weather Forecasts (ECMWF) - the Climate Change Service (C3S) and the Atmosphere Monitoring
Service (CAMS). https://climate.copernicus.eu/CopernicusESC

2 IPCC SR15 (2018), Special Report on Global Warming of 1.5°C

® The years 2013-2017 were the warmest five-year period on record and 2018 is set to continue this pattern,

see WMO Statement on the State of the Climate in 2017, World Meteorological Organisation (2018); and
Global Climate Report - June 2018, National Oceanic and Atmospheric Administration (2018). Climate
change is increasing global average temperatures. The recent IPCC report (IPCC (2018) Special Report
on Global Warming of 1.5°C) concluded that human-induced global warming reached approximately 1°C
above pre-industrial levels in 2017 (see FAQ of the report’s Chapter 1), and is currently increasing at
around 0.2°C per decade.

* See also section 5.6 regarding the impact of climate change and the need to adapt to it.

> https://ec.europa.eu/commission/priorities/digital-single-market_en
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implications for jobs and economic growth that come with the innovations and technology
necessary to deliver on energy and climate goals. Together with the development of the circular
economy, the transformation of the energy sector is harnessing a range of technologies and new
practices which are changing the way our energy markets and indeed the way our economy work,
creating dynamic new sectors and opportunities for jobs and growth and a more prosperous
Union.

1.1 Global and EU action to achieve the Paris Agreement

Keeping average global temperature rise well below 2°C and pursuing efforts to achieve 1.5°C
compared to pre-industrial levels will require global action. The Paris Agreement fully recognises
this.

In pursuit of Paris Agreement goals, over 190 countries made mitigation pledges to reduce
emissions, so called nationally determined contributions (NDCs). The NDCs’ collective
contribution to the Paris goals has been examined in a number of studies® ’. These clearly show
that the NDCs represent a considerable step forward compared to a baseline without global
climate action. However, achieving the NDCs would leave global emissions in 2030 above a
level consistent with well below 2°C. They are broadly consistent with pathways resulting in 3°C
warming by 2100, and, according to the IPCC® would not limit warming to 1.5°C even if
supplemented by very challenging emissions reduction after 2030. The Joint Research Centre, in
its annual Global Energy and Climate Outlook®, found that achieving the targets of the NDCs™
would still lead to continued global emission increases in the coming decade, with potential
global emissions peaking at 51 GtCO.eq per year as early as 2025. Assuming a continuation of
efforts at this level'* beyond 2030, would see emissions starting to decrease at a global scale but
not at all at the scale required to achieve the well below 2°C objective. Projections instead see
these efforts as consistent with a temperature rise of around 3°C by the end of the century (Figure
1).

® See for example United Nations Environment Programme (UNEP) (2017), The Emissions Gap Report
2017.

"TUNFCCC (2016), Aggregate effect of the intended nationally determined contributions: an update.

& Unless otherwise stated, references to IPCC in this document refer to the 2018 Special Report on Global
Warming of 1.5°C

® JRC (2017), Global Energy and Climate Outlook 2017: How climate policies improve air quality,
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC107944/kjna28798enn(1).pdf

19 Both conditional and unconditional NDCs - and including achievement of the US NDC.

1 Continuing the same level of effort assumes global GHG intensity of GDP continues to decline at the
2020-2030 rate.
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Figure 1: Left: world emissions (GtCO,eq) and percent change in emissions intensity per
unit of GDP. Right: global average temperature change.
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What is clear is that global action presently is changing the global emission pathway but not at
sufficient pace. After three years of flat emissions globally, 2017 actually saw global CO,
emissions from energy and industry rising again by +2%" ",

The pace of greenhouse gas (GHG) reductions will have to shift strongly at a global scale. The
EU has long supported the global objective of reducing global emissions by at least 50% by 2050
compared to 1990 to ensure global temperature stays below 2°C*. Recent science’ confirms that
such an objective, with a further decline to near net zero GHG by 2100 or just below, remains
consistent with pathways that have a likely chance (above 66% chance’®) of keeping temperature
rise below 2°C this century. This finding is also supported by analysis conducted by the
Netherlands Environmental Assessment Agency and JRC for this report (see Figure 2)*.

Achieving net zero GHG emissions by the end of the century will require significant amounts of
negative emissions from the land use sector through for instance afforestation, reforestation and
other types of ecosystem restoration or from carbon dioxide removal technologies (CDR) to
compensate for the remaining emissions that are hardest to eliminate, for instance non-CO,
emissions related to food production.

Acting to reduce global emissions as quickly as possible will place the world on a safer path and
reduce the need for negative emissions technologies later on. A slower pace of emissions
reduction by 2050 would require steeper reductions thereafter, including deployment of negative
emissions technologies at even greater scale and faster. This may require net negative greenhouse
gas emissions towards the end of this century, with a net withdrawal of CO, from the atmosphere

12 |EA (2018), Global Energy and CO, Status Report 2017, p.3
http://www.iea.org/publications/freepublications/publication/GECO2017.pdf

3 e Quéré et al. (2017) Global Carbon Budget 2017. Earth System Science Data Discussions.
https://doi.org/10.5194/essd-2017-123

1 European Council Conclusions, 29/30 October 2009

1> Based on Table 2.4 of the Special Report on 1.5°C, supplemented by EDGAR database and Global
Carbon Project to track global emissions from 2010 back to 1990.

'8 While there is no official definition of ‘well below’ 2°C, studies typically refer to pathways with a >66%
chance of keeping global warming below 2°C. The average temperature change expected in such
pathways is therefore lower — typically 1.7-1.8°C in 2100.

7 Esmeijer K., den Elzen M.G.J., Gernaat D., van Vuuren D.P., Doelman J., Keramidas K., Tchung-Ming
S., Després J., Schmitz A., Forsell N., Havlik P. and Frank, S. (2018), 2 °C and 1.5 °C scenarios and
possibilities of limiting the use of BECCS and bio-energy. PBL report 3133, PBL Netherlands
Environmental Assessment Agency, The Hague

15


http://www.iea.org/publications/freepublications/publication/GECO2017.pdf
https://doi.org/10.5194/essd-2017-123

to compensate for past emissions and, possibly, reduce global temperatures following an
overshoot of the 2°C threshold. Moreover, delayed actions to reduce greenhouse gas emissions
increases the risk of cost escalation, lock-in in carbon-emitting infrastructure and stranded assets.

Figure 2: Well below 2°C and 1.5°C projections

Global greenhouse gas emissions for 2°C and 1.5°C
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Source: 2°C and 1.5°C runs from POLES-JRC and IMAGE models, and comparable runs from the
scientific literature®’.

Limiting global warming to 1.5°C requires even greater, and more urgent, action. In a 1.5°C
world, typical projections reach net zero GHG emissions by 2070, and become negative
afterwards'® (Figure 2). In such scenarios, global CO, emissions would have to become net zero
already by 2050, as confirmed by the IPCC.

Negative CO, emissions in energy, industry and land use have to compensate not only for
residual GHG emissions but also to correct for possible temperature overshoot by achieving net
negative GHG emissions. The IPCC Special Report on 1.5°C is also clear: scenarios with no or
low overshoot of the 1.5°C temperature objective, and lower amounts of net negative emissions,
tend to be closer to zero GHG emissions globally? by 2050.

The EU long-term strategy needs to consider the possible contribution of the EU to such global
pathways. The EU already has a strong record of considering the global picture when setting its
own climate action targets. Our existing objective for 2050 is to reduce emissions by 80-95% in

18 See in particular Table 2.4 of IPCC (2018), Special Report on Global Warming of 1.5°C.
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the context of necessary reductions, according to the IPCC, by developed countries as a group®®.
It is now time to update the evaluation of the EU’s possible contribution to global action,
following the entry into force of the Paris Agreement, the adoption of legislation to achieve the
2030 Framework (see Section 2.2) and new scientific evidence, as synthesised in IPCC Special
Report on 1.5°C.

The 2050 Low Carbon Economy Roadmap® demonstrated that it is feasible and affordable for
the EU to reduce domestic emissions by 80% by 2050 compared to 1990, with a milestone of
reducing by 40% by 2030. Recent science confirms that the EU’s reduction of GHG emissions by
at least 80%, including emissions and absorptions of the land use, land use change and forestry
sector (LULUCF), remains in line with projections that look at global emissions reduction
achieving the well below 2°C objective efficiently (see section 7.3).

To be in line with the 1.5°C objective, significantly higher reductions are needed. Full technology
pathways with efficient global action beyond 2020 may see EU GHG reductions, including
emissions and absorptions of the land use sector, at around -91% to -96% below 1990 levels in
2050 (see section 7.3).

Such scenarios rely heavily on net negative emissions later on in the century to remove actively
CO, emissions from the atmosphere. If the aim is to reduce the need for large net negative
emissions in the second half of the century, higher reductions earlier in the order of magnitude of
-100% by 2050 need to be considered, achieving a net zero GHG economy by 2050. This would
also be a precaution to avoid carbon lock-in.

By doing so, the EU would confirm its leadership, to inform other countries on the challenges
and opportunities ahead and catalyse the global transition in line with the 1.5°C objective (see
also section 7.3 for further details).

Therefore the assessment presented in this report in support of the development of the Strategy
for long-term EU greenhouse gas emissions reduction in accordance with the Paris Agreement is
looking at a range of GHG reduction scenarios, starting at -80% going up to -100% by 2050
compared to 1990.

1.2 Europe’s need to act to achieve the Paris Agreement

All regions across the globe are facing the disruptive force of major mega-trends. Digitalisation is
rapidly changing the industrial environment, simultaneously allowing and requiring continuous
innovation. A rapidly emerging global middle class will open new markets placing at the same
time constraints on scarce resources. Resource constraints will require our economy to continue
efficiency gains to remain competitive, in a context where diverging population trends will
constitute a clear challenge for Europe. Last but not least, climate change and its associated
challenges are global phenomena that will affect all societies.

Many of these trends are independent from the energy transition: the energy system will have to
adapt to these dynamics. At the same time, the energy transition will alleviate the problems
caused by resource scarcity and climate change. Moreover, many of these trends will continue
regardless of EU policies. Europe should prepare for the changes ahead and the European Union
is the framework allowing Member States to adapt collectively.

19 European Council conclusions, 29-30 October, 2009. The objective is based on the findings of the IPCC
Fourth Assessment Report, which represented the best available science at the time of its adoption in
2007.

% Communication from the Commission, A Roadmap for moving to a Competitive Low Carbon Economy
in 2050. COM(2011) 112 final
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The scope of these challenges, the need to develop solutions implementable on a large scale, the
importance to weigh in the climate and energy diplomacy and beyond, the international nature of
energy fuels and technologies markets and the global repercussions of European consumptions,
all contribute to the need of developing a concerted action at EU level.

The value of such action is clear when looking at the role the EU played over the last decade. The
EU climate and energy policies contributed significantly to global action and awareness on
climate change, clearly leading the world and demonstrating how to address the challenge.
Further decarbonisation will increase energy security, while demonstrating feasible economic and
technological pathways to a prosperous and sustainable society.

The EU can act as a catalyst of concerted global responses that put multilateralism at their core.
This may be through research and innovation programmes, large-scale flagship technology
projects, or the development of new industrial strategies and market designs, or simply by its
ambition. In a world of large trade blocks competing for technological leadership, the EU needs
to act jointly. A core virtue of EU action is bringing together a common vision, resources,
financing and regulatory regimes to implement coherent policies action across a domestic market
of 500 million people. This is the scale required to deal with the vast global challenges. This was
demonstrated with the European drive to promote renewable energy technologies, which scaled
up industrial effort, in the EU and around the world, reducing costs to the benefit of the entire
world. The public consultation conducted by the European Commission in preparation for this
strategy found that there is significant support, both from individuals and from organisations, for
the EU to achieve a balance between GHG emissions and removals by 2050 (see section 7.1).
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2 EU ACTION TO DATE REDUCING GHG EMISSIONS AND TRANSFORMING ITS
ENERGY SYSTEM

2.1 Decarbonisation and energy transformation to date

Since 1990, Emissions have reduced in all sectors, except for the transport sector (Figure 3). Over
the last 3 years changes in emissions were small, with slightly increasing emissions in 2015 and
2017 and slightly decreasing emissions in 2016.

Figure 3: EU greenhouse gas emissions by sector 1990-2017
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Structural changes in the European economy and policies for supporting renewables and energy
efficiency resulted in a decoupling of economic growth from GHG emissions and energy
consumption. GHG emissions in the EU peaked several decades ago and continuous decoupling
of growth and jobs creation from GHG emissions and energy has been observed since 1990.
Between 1990 and 2017, provisional data indicate a total emissions decrease of 22%, while the
EU’s combined GDP grew by 58%, which implies that the greenhouse gas intensity of the
economy was halved in this period®.

Over the past years, economic growth and energy consumption have also decoupled. The steadily
declining demand for energy in the EU is attributed primarily to energy efficiency measures in
the Member States.

2! European Environmental Agency (2017), EU GHG inventory 1990-2016, proxy GHG estimates for
2017.
2 COM(2018) 716 final
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The long-term decoupling trend is clear: in 2016, the EU consumed 2% less primary energy than
it did in 1990, while GDP grew by 54% over the same period. EU energy consumption gradually
decreased between 2006 (its highest point) and 2014, with the primary consumption reducing by
12% over the period (-1.5% per year) and the final demand reducing by 11% (-1.4% per year).
However, since then, energy consumption has started to rise again in part due to colder winters,
continued economic growth and lower fuel prices. Statistics show that, in 2016, primary energy
consumption was 2% higher than in 2014 and final demand was 4% higher. Preliminary
estimates indicate that energy consumption has been further increasing in 2017 (+1.4% for
primary consumption and +1% for final consumption compared to 2016). It is clear that with
economic growth pushing energy consumption upwards, further efforts are needed in order to
reach the 2020 energy efficiency target (primary and final energy have to reduce by respectively
5.2% and 3% over 2018-2020). In this context, a stricter enforcement of the existing legislation is
desirable. Figure 4 shows energy consumption trends in the EU.

Figure 4: Primary and final energy consumption in the EU
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Source: Eurostat.

Renewable energy

In the last decade, policies implemented by the European Union and other frontrunners in the
fight against climate change have transformed the energy industry. Support programs worldwide
have kick-started a dramatic decrease in the cost of renewable energy technologies (Figure 5). As
the IPCC notes in the Special Report on 1.5°C, the energy system transition is underway, and the
political, social, economic and technical feasibility of solar energy, wind energy and electricity
storage technologies has improved dramatically over the past few years®.

Renewable energy technologies such as wind energy, bioenergy and solar photovoltaic are now
mainstream market players. Investment in renewable power accounted for two-thirds of global
spending in power generation in 2017. The increasing share of renewable energy investments is
partly the result of a slump in the commissioning of new fossil fuel capacity (in particular coal-
fired power plants in India, China and Europe)*

2 |PCC Special Report on Global Warming of 1.5°C, Chapter 4.
# |EA (2018), World Energy Investment 2018, https://www.iea.org/wei2018.
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Figure 5: The levelised cost of electricity for projects and global weighted average values
for CSP, solar PV, onshore and offshore wind, 2010-2022
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Helped by the European support policies, renewable energy has been increasing continuously in
the EU, with its share doubling since 2004 when renewables covered only 8.5% of gross final
energy consumption (Figure 6). In the period 2004-2016, the share of renewable energy grew
annually by 6.0% on average. Annual growth slowed slightly to 5.2% in the short-term period
2011-2016. Compared to 2008, direct and indirect employments in renewable energy more than
doubled, increasing from 660 000 to 1.43 million jobs.

Figure 6: Share of renewable energy in gross final energy consumption in the EU
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® |RENA (2017), Renewable Cost Database and Auctions Database, http://www.irena.org/-
Imedia/Files/IRENA/Agency/Publication/2018/Jan/IRENA 2017 Power Costs 2018.pdf
% https://ec.europa.eu/eurostat/web/energy/data/shares
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The power sector has made the most important steps towards decarbonisation with the closure of
most inefficient thermal generation, the growth of renewables and the contribution of nuclear
(generating together 56% of CO,-free electricity in 2016); better interconnection; more liquid and
more flexible markets. Greenhouse gas emissions from the power sector decreased by 26% from
2005 to 2016. Developments in the power market structure allowed integrating an increasing
share of variable renewable generation. Connecting markets through appropriate infrastructure
and cross border trading rules allowed significant increases liquidity and security of supply
significantly. The EU-wide electricity market now allows the aggregation of demand and supply
of almost 500 million citizens.

Dedicated infrastructure was built to enable higher penetration of renewable electricity, for
instance through interconnection of areas with complementary renewable energy resources or by
connecting offshore wind parks to the transmission network. To date, more than 30 Projects of
Common Interest (PCIs) have been completed in the power sector and 47 are scheduled to be
built around 2020.

Heating and cooling

With 50% of EU energy demand that is used for heating in buildings and in industrial processes,
renewables have also made an important contribution in this area. Over the period from 2004
until 2016, the renewables share in the heating and cooling sector has almost doubled from
10.3% to 19.1% and provided 99.3 Mtoe. Solid biomass remains the largest contributor with 80%
growing from 1.8 Mtoe in 2004 to 78.8 Mtoe of energy in 2016. Other renewable heat solutions
has started from very low basis, but has shown rapid growth over the last decade. Heat pumps
increased more than fivefold from 1.8 Mtoe in 2004 to 9.9 Mtoe in 2016 and constitutes 9.9% of
renewable heat production. Similar spectacular increases were observed in biogas (growing from
0.7 Mtoe to 3.4 Mtoe, (3.5%) and solar thermal (2.1 Mtoe or 2.1%). Renewable waste remains an
important heat source (3.4 Mtoe, 3.8%), while direct geothermal heat embarked on a dynamic
growth in the last five years (0.8 Mtoe, 0.8% in 2016)?".

The EU is a market leader in renewable heat technologies. It is second in installed solar thermal
capacities and number one in solar district heating. Spain, Greece, Portugal, Cyprus are market
leaders in individual solar thermal installations with mandatory solar requirements in new
buildings. Large solar installations are used in Denmark, Austria, France, Germany, Sweden, The
Netherlands and Poland. In 2017, 9 large-scale solar thermal systems were added in Europe, in
Denmark (46% of new capacities), Germany, Sweden and France?®®.

Transport

In 2017, transport emissions excluding international aviation and maritime represented close to
22% of the total emissions. Transport emissions including international aviation and maritime
transport emissions were close to 26% of total emissions Transport is therefore a sector with a
significant role in the energy and climate policy. Greenhouse gas emissions from transport
continue to rise, and in 2017 were 20% higher than in 1990 (excluding international aviation and
maritime). Abating transport emissions remains challenging and, in certain regions, the impact of
air pollution from fuel combustion on the population is also a concern.

On road, light and heavy duty vehicles are by far the main emitters of greenhouse gas (GHG)
emissions from transport. In 2016, it accounted for 95% of all GHG emissions from transport.
International aviation is not included in the figures above and account for 3% of total EU

2" EurObserver, The State of Renewable Energies in Europe, 2017
% |EA, Solar Heat Worldwide (2018), Cost-efficient district heating development.
? METIS Studies 9 (2018), commissioned by the European Commission.
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greenhouse gas emissions. Emissions from international aviation have more than doubled since
1990 (as the improvements in energy and emissions efficiency of aviation have been more than
compensated by increase of traffic).

Emissions from road transport experienced a decrease between 2007 and 2013 (-10%) due to
increased road vehicle efficiency, high oil prices and slower growth in activity as a result of the
crisis. Since then they have started picking up again, driven by the recovery of transport activity
in the context of the low oil price environment and economic recovery. Over the last ten years
new technologies (electrification) have been penetrating the market, albeit still at relatively slow
rates.

The evolution of greenhouse gas emissions in transport follows the evolution of energy use in
transport. By 2016, final energy consumption in transport was at similar levels to those observed
in 2005. Improvements in energy efficiency of cars, trucks and aircraft counterbalanced the
increased transport activity over this period®. The impact of modal shift was more limited. Other
factors like behavioural change and low capacity utilisation in road freight transport had a
negative impact, slightly increasing the energy consumption®.

The currently dominant transport technologies are tightly linked to liquid fossil fuels. Liquid
fuels, with their high energy density, are particularly suited for mobile applications. Oil
represented 95% of the energy consumed in the transport sector in 2016: air transport and
waterborne transport consume almost entirely petroleum products, road transport depended on
petroleum products for 95% of its energy use, but rail transport only 30%.

The EU share of renewable energy in transport reached 7.1% in 2016. Biodiesel remains the most
widely used form of renewable energy in transport with 11 Mtoe in 2016, followed by bioethanol
with 2.6 Mtoe®. However, biofuels consumption slightly declined since 2014, being below the
peak levels registered in 2012. Renewable electricity in transport still represents only 1.9 Mtoe in
2016, but its contribution has been significantly increasing recently, with the vast majority of it
consumed in rail transport (only around 2% in road transport)®.

As a result of both EU and Member State level measures, the average specific fuel consumption
of the EU passenger cars fleet went down from around 7.4 litres/200km in 2005 to 6.9
litres/100km in 2015%. However, after several years of steady decline, the average CO, emissions
of a new car sold in the EU rose by 0.4 gCO,/km in 2017 to 118.5 gCO,/km, according to
provisional data published by EEA*®. Since 2010, when monitoring started under current EU
legislation, official emissions have decreased by 22 gCO./km (16%). Nevertheless, further
improvements need to be achieved by manufacturers to reach the 2021 target of 95 gCO./km.

% ODYSEE-MURE (2018), http://www.odyssee-mure.eu/publications/efficiency-by-
sector/transport/drivers-consumption.html

%1 According to Art. 17 (1) of the Renewables Directive, non-certified biofuels cannot be counted towards
national and EU renewable energy targets.

% Eurostat (2018), SHort Assessment of Renewable Energy Sources (SHARES),
https://ec.europa.eu/Eurostat/web/energy/data/shares

% ODYSSEE-MURE (2018), Online energy indicators, http://www.indicators.odyssee-mure.eu/online-
indicators.html

% EEA (2018), No improvements on average CO, emissions from new cars in 2017,
https://www.eea.europa.eu/highlights/no-improvements-on-average-CO,

% Since 1 September 2017, the 'Worldwide harmonized Light vehicles Test Procedure’ (WLTP) has been
introduced so that laboratory results better represent actual vehicle emissions on the road. For 2017 EU
Member States had for the first time the possibility to report WLTP emission factors, but values were
reported for just 7300 vehicles (0.05% of new registrations). According to EEA, the low number of
WLTP values means it is not yet possible to provide a representative assessment of the new
measurement protocol.
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EEA provisional data also show that sales of battery-electric vehicles (BEV) and plug-in hybrid
electric vehicles (PHEV) increased by 42% in 2017. However, the share of these categories in the
new fleet remains low, at around 1.5%. Registration of BEVs in 2017 (97 000 vehicles) increased
by 51% compared to 2016, while sales of new PHEVSs increased by 35%. The largest number of
BEV were registered in France (26 100 vehicles), Germany (24 350 vehicles) and the UK (13
600 vehicles). The relative share of BEV and PHEV sales combined in the national car sales in
2017 was highest in Sweden (5.5%), Belgium (2.7%) and Finland (2.6%) **. For the first year
since monitoring started, petrol cars became the most sold vehicles in the EU ahead of diesel
cars, constituting almost 53% of sales.

Industry

The industrial sector is an important sector of economic activity, producing a large share of EU
GDP and offering employment to a large share of EU population. Moreover, the industry — and
especially Energy Intensive Industry (EIl) — provides materials and goods that are critical for our
way of life: from cement and steel, being the basic materials for constructing the buildings we
live in, to plastics and aluminium, used in cars, appliances and packaging. All these materials are
produced from industrial processes requiring significant amount of energy and emitting, directly
or indirectly, a high amount of GHG emissions.

Industrial activity contributes about 16% of EU's GDP and emits (directly) about 15% of total
GHG emissions. In 2015 the energy intensive industry sectors directly emitted approximately 700
million tonnes of CO,, which represents a reduction by more than 30% compared to 1990 levels.
This was the second largest source of emissions reduction after the power sector (for production
and heat). At the same time, final energy consumption of industry was reduced by about 20%.
This was observed especially in the energy intensive industries.

The above changes are due to a combination of factors. On one hand, the EU economy has been
restructuring, shifting to an increase of the services sectors and a lower share of the energy
intensive industry. On the other hand, industry has been very active in reducing its energy
consumption and switching to lower carbon fuels. The energy efficiency investments performed
by the industry, together with the increased use of recycled and re-used materials, which require
significantly less energy and produce less emissions, were two major drivers for this trend. For
example, over the last decades, the recycling rate of paper in Europe has increased substantially
from an average of 40% in 1991 to 72.5% in 2016. Moreover certain chemical industries with
very high N,O and fluorinated gases emissions reduced their GHG emissions by 93% between
1990 and 2015.

The situation in the different industry subsectors is not homogeneous. The EU Iron & Steel and
the Chemical sectors have reduced their GHG emissions by about 60% between 1990 and 2015.
On the other hand, the reductions in GHG emissions for the non-metallic minerals (cement, lime,
glass, ceramics) were about half, around 30%. Similarly, the use of low carbon energy carriers,
and particularly renewable energy, is mostly limited to the use of biomass resources, e.g. in
sectors like the pulp and paper industry.

In addition, the European Commission is working on the European Processor Initiative (EPI)*

which gathers together 23 partners from 10 European countries, with the aim to bring to the
market a low power microprocessor. It gathers experts from the High Performance Computing
(HPC)* research community, the major supercomputing centres, and the computing and silicon

% https://ec.europa.eu/digital-single-market/en/news/european-processor-initiative-consortium-develop-

europes-microprocessors-future-supercomputers
37 https://ec.europa.eu/digital-single-market/en/high-performance-computing
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industry as well as the potential scientific and industrial users. This initiative will be buoyed
through a Framework Partnership Agreement.

Land and Agriculture

The EU’s balance of emissions and removals for the land sector (CO, flux resulting from human
management of vegetation and soils, referred to as the natural sink) has remained fairly constant
for over two decades, at a little under -300 MtCO.eq/yr, or around 10% of the EU's 2005 EU
emissions outside of the Emissions Trading System.

A number of reasons explain this stability since the 1990s. First, the area used for agricultural
production has decreased thereby enabling the slow increase in forest area and related
sequestration. Second, with the decrease in crop area and an improved technological management
of inputs, CO, released from agricultural soils decreased. Third, European forests are relatively
young and annual forest growth (increment) has been strong — although this is projected to
decline as the forests age. Fourth, despite increasing forest harvest, on average, only up to 2/3rds
of available forest biomass annual increment is exploited, leading to a continued level of carbon
sequestration in forests but also in harvested wood products. These positive trends on the
LULUCF sink were however partly counterbalanced by steady increase in emissions from
settlements.

In contrast to the land sector, agriculture (non-CO,) emissions in the EU28 have declined by over
20% since 1990, or in absolute terms by nearly 150 MtCOeq per year. The most important
source of the EU's agriculture non-CO, emissions is nitrous oxide emissions from agricultural
soil management. These represent around half of the total agriculture emissions in the EU, mainly
due to the application of mineral nitrogen fertiliser. Enteric fermentation emissions of methane
gas make up one-third, mainly from cattle and sheep. Emissions of both gases from manure
management add a further 16%. Despite historical emissions reduction, maintaining agricultural
output can be compatible with a reduction of emission intensities.® The decrease so far can be
attributed to several factors: on the one hand, productivity increases and a structural decrease in
cattle numbers, and on the other hand improvements in farm management practices in general.
However, a recent rebound of this trend shows that ensuring future reductions will be
technologically difficult and potentially costly.

The impact of increased biomass demand since 2009 on the EU LULUCEF sink is so far not very
clear, reflecting the interaction of different factors regarding biomass sources. The significant
emergence of energy crops on economically marginal agricultural land has yet to materialise,
while timber demand has been lower than forecast by Member States in 2011. Forest growth
could also have benefited from the double boost of lower harvests and improved fertilisation
through atmospheric CO,. Nevertheless, this relatively benign trend could be disturbed and the
overall land sink could decrease more significantly through to 2050, partially due to aging of the
forests, leading to negative impacts on the EU's overall emissions and removals balance.

In conclusion, the interactions between land uses and the subsequent effect on emission and
removals from the land sector is complex. Rules and incentives for food, feed, fibre production
and bioenergy may variously support or undermine the historical trend of a stable overall sink in
the EU.

Waste and F-gases

Greenhouse gas emissions from waste declined from 236 MtCO,eq in 1990 peaked in 1995 at
344 MtCO2eq and in 2016 were 138 MtCOeq. Most of the emissions are methane (an important

* Fig 3 in LULUCF SWD(2016) 249 final
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greenhouse gas, with a 100-year warming potential 28 times larger than CO,*), with 124
MtCO,eq in 2016%.

The decline is mainly the result of the EU waste legislation. The Landfill Directive* diverts
biodegradable waste away from landfills and requires recovery and control of landfill gas. The
EU Waste Management Framework adds to this by giving priority to recycling and energy
recovery over landfilling. In addition, national policies in several member states completely ban
landfilling.

Emissions from fluorinated gases (such as HFC and SF) increased sharply from 72 MtCO,eq in
1990 to 124 MtCOyeq in 2014 and have remained stable since (122 MtCO,eq in 2016). The
stabilisation already reflects the F-gas regulation adopted in 2004 as well as the Mobile Air
Conditioning (MAC) Directive* that limit the use of cooling agents with high greenhouse
warming potentials.

2.2 EU policies on the way to the Paris objectives

The first explicit energy and climate policy package that addressed emissions reduction at the
same time as energy sector reform was the 20-20-20 targets launched in 2007, with the EU
Emissions Trading System (EU ETS) improvements, the Renewable Energy Directive®, the
Energy Efficiency Directive® as well as the 3" package of energy market liberalisation®. The
implementation of the legislation that emerged proved the turning point in creating recognisable
change in the energy sector.

2.2.1 2011 Roadmaps

Building on this approach and structure, in 2011 the Commission came forward with three
strategic roadmaps based on a consistent analytical framework: the Roadmap for moving to a
competitive low carbon economy in 2050, the Energy Roadmap 2050, and the Roadmap to a
Single European Transport Area — Towards a competitive and resource efficient transport system
(commonly referred to as the Transport White Paper)*. These Roadmaps presented fundamental
aspects of the transition to a low carbon economy in 2050, cost-efficient GHG emissions
reduction milestones for 2030, and "no-regret options" — more energy efficiency, higher shares of
renewable energy and energy infrastructure development - for the transition towards a
competitive, sustainable and secure energy system. These roadmaps cover all sectors of the
economy, with a clear emphasis on energy and transport. They jointly serve to demonstrate the
consistency, feasibility and credibility of the EU's agreed objective to reduce GHG emissions*’
by 80-95% in 2050 compared to 1990, in the context of necessary reductions by developed
countries as a group to limit global warming to below 2°C as stated by the European Council in
2009".

¥ IPCC ARS5: Myhre et al., 2013.

“0 European Environment Agency data viewer
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer

“! Council Directive 1999/31/EC

“2 Directive 2006/40/EC

** Directive 2009/28/EC

* Directive 2012/27/EU

*® Directives 2009/72/EC, 2009/72/EC, Regulations (EC) 713/2009, 714/2009, 715/2009

“® COM(2011)112, COM(2011)885, COM(2011)144

*" Covering all domestic emissions (including agriculture) but not emissions from LULUCF.
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The Roadmap for moving to a competitive low carbon economy in 2050 showed pathways for the
EU to cut its domestic greenhouse gas emissions to -80% below 1990 levels by 2050. It defined
milestones for a cost-effective pathway towards this objective: a 40% reduction below 1990
levels by 2030 (as later endorsed in the 2030 Climate and Energy Policy Framework®, see 2.2.2)
and 60% below 1990 levels by 2040. All the main sectors responsible for Europe's emissions —
power generation, industry, transport, buildings, construction and agriculture — would need to
contribute.

The Energy Roadmap 2050 explored the contribution of the energy sector to such
decarbonisation objective (-85% of energy-related CO, emissions relative to 1990). It set out four
main routes to a more sustainable, competitive and secure energy system in 2050: energy
efficiency, renewable energy, nuclear energy and carbon capture and storage.

The White Paper on Transport defined a mid-century vision for the transport sector that
continues to serve the needs of the economy and of the citizens while meeting future constraints:
oil scarcity, growing congestion and the need to cut CO, (-60% by mid-century relative to 1990)
and pollutant emissions. To this aim, the White Paper put forward four broad areas of
intervention: internal market, innovation, infrastructure, international aspects. For each of these
areas, a ten-year programme (by 2020) was defined with 40 specific action points, containing a
handful of specific initiatives. The strategy set in the White Paper was to a substantial degree
based on low emission fuels, energy efficiency, better multimodality of transport and new
technologies that would lead to optimised journeys™.

These Roadmaps have been instrumental in setting the EU on track with the UNFCCC agenda,
setting 2030 targets and exploring the long-term perspective. It was a strong driver for other
stakeholders and to develop their roadmaps.

EU legislation governing the reporting of climate related information includes an obligation for
Member States to report by 2015 their progress on the development of their low-carbon
development strategies. The reported information differs greatly across Member States in terms
of type of documents, timeframe, level of details, approach, ambition level, sectors cover and
status of legal implementation. A forthcoming report of the EEA summarises the state of reported
information, with presently 13 plans reported at Member State level >

2.2.2 2030 targets and Energy Union

Drawing on the analysis presented in the roadmaps and following discussions and guidance from
the European Council, the Commission made proposals™, in 2014, for a policy framework for
climate and energy in the period from 2020 to 2030, notably 2030 targets. On this basis, the
European Council agreed® to the 2030 strategy with targets on reducing greenhouse gas
emissions by at least 40%, increasing the share of renewable energy to at least 27%, and
achieving an energy efficiency improvement of at least 27%. Legislation provisionally agreed in
July 2018 revises two targets upwards to at least 32.5% for energy efficiency and at least 32% for

“8 Conclusions of the European Council of 23 and 24 October 2014.

* To date, the Commission has issued proposals in most of the 40 action points of the programme and
more than 60% of the initiatives planned could be considered as broadly covered. The White Paper
mid-term implementation report of 2016 noted that there was still little progress achieved towards some
of the goals, in particular, decreasing the oil dependency ratio and limiting growth of congestion.

* Overview of Low-Carbon Development Strategies in European countries Information reported by
Member  States under the European Union  Monitoring  Mechanism  Regulation,
https://acm.eionet.europa.eu/reports/#tp

1 COM (2014) 15 final. A policy framework for climate and energy policy in the period from 2020 to 2030

°2 EUCO (169/14), European Council Conclusions 24 October 2014
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renewables (see 2.2.3) and introduces for the first time, via the Governance Regulation,
instruments to ensure coherent long term energy and climate policy planning. The Commission
also published its Energy Security Strategy®® in 2014. The detailed inter-relationships and
synergies available in policies and measures addressing decarbonisation and energy policy
objectives were such that it became clearer that the nexus between energy and climate policies
could be drawn even closer together. At the same time, the Commission published its vision of
the future of a circular economy®, bringing together the themes of environmental policy (waste,
pollution) with industrial production policy (e.g. recycling and new materials) and with research
and innovation policy.

The Energy Union launched in 2015 aimed at exploring and leveraging the synergies between the
decarbonisation objectives and other energy policy priorities, by setting broader goals covering
five mutually reinforcing dimensions: energy security, internal energy market, energy efficiency,
decarbonisation (including renewable energy development), research, development and
competitiveness. It is in this context that the most recent initiatives were developed.

An important aspect of the Energy Union is the recognition that citizens must be at the core of the
transition. The Commission is thus committed to delivering a new deal for energy consumers
helping them to save money and energy through better information; giving consumers a wider
choice of action as regards their participation in energy markets; and, maintaining the highest
level of consumer protection.

The Commission has by November 2018 tabled the majority of the legislative proposals
necessary to establish the Energy Union, and enabling actions are being implemented to
accelerate public and private investment and support a socially fair clean energy transition.
Further efforts will be required to ensure the completion of the Energy Union by the end of the
current Commission's mandate in 2019: not only further progress in adopting the remaining items
of the legislative framework but also in implementing the enabling framework and securing the
involvement of all parts of society. It should be noted that among those enabling actions, many
will have much longer time horizon than 2050: facilitating access to finance or assistance for
carbon-intensive regions as the two key ones.

The first legislative deliverable under the Energy Union to implement the 2030 targets was the
revised ETS directive® which regulates GHG emissions from large point sources (mainly power
sector and industry) and aviation. The annual ETS cap reduction was increased with a view of
achieving 43% reductions by 2030 compared to 2005, while the Market Stability Reserve was
strengthened to address the surplus of EU allowances that has built up historically. This review
has already impacted positively the carbon price signal. A second set of legislation, the Effort
Sharing Regulation®® and Regulation on the inclusion of greenhouse gas emissions and removals
from land use, land use change and forestry in the 2030 climate and energy framework, regulates
emissions and absorptions of the sectors outside the EU ETS. It does so by setting emission
trajectories and reduction objectives per Member State, taking into account different capabilities
to reduce GHG emissions.

Also within the decarbonisation pillar of the Energy Union and in accordance with Article 40 of
the Euratom Treaty, the Commission presented in 2017 the latest nuclear illustrative programme
(PINC). The programme provides an overview of developments and investments needed in the
nuclear field in the EU for all the steps of the nuclear lifecycle. It underlines that nuclear energy

*¥ COM (2014) 330

> COM (2015) 614

*® Directive (EU) 2018/410
*® Regulation (EU) 2018/842
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remains an important component in the energy mix in Europe with a 2050 horizon, as well as
identifies some priority areas, such as ways to continuously increase safety, improve cost-
efficiency of nuclear power plants and enhance the cooperation among Member States in
licensing new and existing nuclear power plants.

The security of supply pillar had also early deliverables: the Regulation on Security of Gas
Supply®’ that aims at preventing gas supply crises and ensuring a regionally coordinated and
common approach to security of supply measures among the Member States and the Strategy for
Liquefied Natural Gas (LNG) and gas storage *® that outlined future EU action that will contribute
to a greater flexibility of gas supply, in particular through LNG and gas storage.

In parallel, the IGA Decision®, adopted in April 2017 significantly increased the transparency of
intergovernmental agreements between Member States and third countries in the field of energy
that have become subject to a mandatory ex-ante assessment by the Commission regarding their
compatibility with EU law.

For the research, development and competitiveness pillar the Strategic Energy Technologies
(SET) Plan has been a key deliverable and crucial component linking EU, Member State and
industry action. Following the new strategy as published in 2015%° public and private parties, at
EU and national level, have joined forces to identify targets for R&I in energy technologies in the
next 5 to 15 years. These have been turned into 14 implementation Plans that identify concrete
action where Member States, industry and the European Commission cooperate to increase the
impact of R&I investments.

The majority of legislative proposals building the Energy Union were then delivered as a part of
the Clean Energy for All Europeans package (see section 2.2.3) — notably in the field of
renewable energy, energy efficiency, internal market operation and remaining aspects of security
of supply.

2.2.3 Clean Energy for All Europeans

While an important part of the legislative framework for a 40% GHG emissions reduction target
has been established by the revised ETS Directive, the Effort Sharing Regulation and LULUCF
Regulation, the two interlinked targets of energy efficiency and renewable energy sources were
addressed in the Clean Energy for All Europeans package (CE4AE, also referred to below as “the
Clean Energy package”). On 30 November 2016, eight legislative proposals and the European
strategy on Cooperative Intelligent Transport Systems in the field of mobility were proposed as
part of this package®. It was a major milestone in the construction of a robust Energy Union and
setting the EU on the ambitious decarbonisation trajectory that was set out with the Paris
Agreement.

By November 2018, the European Parliament and the Council have reached an agreement on four
of the eight legislative proposals from the Clean Energy package: Energy Performance in
Buildings Directive®, Renewable Energy Directive, Energy Efficiency Directive, and Regulation
on the Governance of the Energy Union and Climate Action. Thus, progress and momentum
towards completing the Energy Union and combatting climate change are well under way.

%" Regulation (EU) 2017/1938

8 COM(2016) 49 final

*° Decision (EU) 2017/684 of the European Parliament and of the Council
% C(2015) 6317 final

1 COM(2016)766 final

%2 Amended EPBD entered into force on 9 July 2018.
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The novel and robust Governance of the Energy Union and Climate Action Regulation will
ensure coherence and better cooperation of Member States’ long term energy and climate policy
planning and foresee reporting, review and close monitoring of progress. As a result of the
Governance Regulation, Member States are expected to establish and to submit their ten year
integrated National Energy and Climate Plans (NECPs) by the end of 2019 covering all five
dimensions of the Energy Union. These plans will define and explore synergies between Member
States’ objectives and contributions to the Energy Union goals and, in particular, national targets
for the non-ETS sector as set in the Effort Sharing Regulation, national contributions to the EU
renewable energy and energy efficiency targets with a view to their achievement by 2030. This
will put the EU in a good position to reduce greenhouse gas emissions beyond the 40% target by
2030 and on the decarbonisation trajectory. National energy and climate plans are required to be
consistent with both the EU long-term strategy and the national Long Term Strategies to be
submitted by January 2020. National Energy and Climate Plans can be updated, for the first time,
in 2024 with the requirement that national objectives, targets and contributions can be revised
upwards (reductions of net greenhouse gas emissions) or to reflect an equal or increased ambition
(energy efficiency, renewable energy sources).

The agreed 2030 EU energy efficiency and renewables targets build on the experience that
concrete energy objectives do influence the pace of new technologies development and cost
reduction through economies of scale, allowing important benefits be reaped by industries,
businesses and citizens. This was experienced over the last decade.

The binding European Union-wide target of at least 32% of renewable energy in gross final
energy consumption in 2030 is supported by ambitious measures addressing untapped potential
for renewables in heating, cooling and transport. Moreover, measures will be put in place to
facilitate the participation of citizens in the energy transition through self-consumption and
energy communities and to enhance the sustainability of bioenergy. An ambitious review of
electricity market rules underpins the European Union’s ambition to further boost penetration of
renewables in power.

For energy efficiency, a target of at least 32.5% energy efficiency to be achieved collectively by
the EU in 2030 was agreed in the new Energy Efficiency Directive. The Directive also includes
an annual energy savings obligation of 0.8% of final energy consumption to be achieved in 2021-
2030°%, which will trigger private investments in end-use sectors, especially in buildings, and also
in the industry and transport sectors. Other important changes were made to strengthen the rules
for metering and billing of thermal energy - especially in multi-apartment buildings with
collective heating systems. The revised and improved Energy Performance in Buildings Directive
(EPBD) includes measures to strengthen the energy performance of new buildings, to accelerate
the rate of building renovation towards greater energy efficiency so as to tap into the huge
potential for efficiency gains in the building sector. It also encourages the use of information and
communication technology (ICT) and smart technologies to ensure buildings operate efficiently
and supports the roll-out of the infrastructure for e-mobility. The Governance Regulation also
includes a definition of "energy efficiency first" principle which should now apply across the five

% It represents a real annual savings rate to deliver the energy savings obligation from final energy
consumption (which also includes energy uses in transport), and the rate of 0.8% is more ambitious
than 1.5% (set for the current period 2014-2020) because it is set as a minimum rate to be applied in the
calculation of the required energy savings for 2021-2030; the flexibilities may be used only in addition
to this minimum. This savings obligation (of 0.8%) would continue to be applicable also after 2030
unless the review by the Commission by 2027 would conclude otherwise. A much lower rate (0.24%) is
set for Malta and Cyprus.

30



dimensions of the Energy Union. This gives recognition to the importance of energy efficiency as
a solution in energy planning, policy and investment decisions.

Regarding security of supply, the Commission proposed the Electricity Risk Preparedness
Regulation®. This addressed the existing shortcomings in the area such as different, often not
transparent national rules and procedures and lack of cross-border co-operation. The proposed
Risk Preparedness Regulation provided rules on (1) how to assess risks, (2) what a risk
preparedness plan should look like, (3) how to deal with crisis situation and (4) how to monitor
security of supply.

Regarding the internal market, further (to the existing acquis) regulatory improvements were
proposed to the electricity sector to ensure that Europe has the right market design in place to
undertake the multiple tasks ahead (hotably integration of high amounts of variable renewables in
power). The vision behind these proposals is that connecting national markets though appropriate
infrastructure and common cross—border trading rules significantly reduces the costs of the
energy transition for consumers and enhances security of supply; connected markets require
greater coordination and coherence is needed if national markets are to be integrated. If views
and requirements for electricity trading, generation adequacy and security of supply converge,
markets can function more efficiently and treat market participants more fairly. Such coherence
and coordination is also needed to facilitate decarbonisation and energy efficiency objectives.

The Clean Energy package has a very strong consumer focus that is also a leitmotiv of the 2050
decarbonisation strategy. It thus promotes consumers as active and central players in the energy
markets of the future. It is designed to facilitate all consumers across the EU having a better
choice of supply, access to reliable energy price comparison tools and the possibility to produce
and sell their own electricity. The package also proposes further transparency rules and EU-wide
regulation principles to facilitate opportunities for citizens to become more involved in the
energy system and respond to price signals. Last, but not least, the package also contains a
number of measures aimed at protecting the most vulnerable consumers.

2.2.4 Industrial policy strategy and strategic value chains

In September 2017, the Commission adopted the Communication "Investing in a smart,
innovative and sustainable Industry — An Industrial Strategy for Europe". This outlined the main
priorities and key actions for strengthening Europe's industrial base, including: a deeper and
fairer Single Market, upgrading industry for the digital age, building on Europe's leadership in a
low-carbon and circular economy, investing in infrastructure and new technologies to drive
industrial transformation, supporting industrial innovation on the ground, promoting open and
rules-based trade and empowering regions and cities to address challenges. Implementation of the
strategy will require a joint commitment from industry as well as all relevant European, national
and regional stakeholders.

As follow-up to the Renewed EU Industrial Policy Strategy, the Commission has also established
a Strategic Forum on Important Projects of Common European Interest (IPCEI). This expert
group will identify by summer 2019 a number of key value chains for Europe, which require
well-coordinated action between public authorities and key stakeholders from several Member
States, recommend value-chain specific actions and facilitate agreements to take forward new
joint investments in those key value chains, including possible new IPCEls.

% Proposal for a Regulation of the European Parliament and of the Council on risk-preparedness in the
electricity sector and repealing Directive 2005/89/EC, COM/2016/0862 final - 2016/0377 (COD).
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Raw materials have been an important part of the EU’s industrial policy since the launch of the
Raw Materials Initiative in 2008. In September 2017, the Commission presented its latest
assessment of those raw materials that are important or even critical for EU value chains, based
on economic importance and supply risk®. several technologies that are important for energy
system decarbonisation are part of this assessment (e.g. electro-mobility, storage).

2.2.5 EU Mobility strategy and mobility packages

A further major and large sector, critical for energy consumption, emissions and indeed for the
functioning of the whole economy, is the transport sector. Here too, the EU has been preparing
major advances to improve the functioning of the transport sector and to instil it centrally in
Europe’s decarbonisation and energy sector strategies. The European Strategy for Low-
Emission Mobility®® was adopted in July 2016. It aims at ensuring that Europe stays competitive
and is able to respond to the increasing mobility needs of people and goods, while meeting the
challenge of shifting towards low-emission mobility. The Strategy confirms the 2011 White
Paper®’ goals: “by mid-century, greenhouse gas emissions from transport need to be at least 60%
lower than in 1990 and be firmly on the path towards zero. Emissions of air pollutants from
transport that harm our health need to be drastically reduced without delay”.

To this end, the Strategy for Low-Emission Mobility proposed a comprehensive Action Plan
building on three pillars: (1) higher efficiency of the transport system, (2) low-emission
alternative energy for transport, and (3) low- and zero emission vehicles, including both
legislative and non-legislative action.

The Commission has acted swiftly by adopting proposals on most of the actions listed in the
Action Plan of the Strategy, notably through the adoption of the Clean Energy for All Europeans
package in November 2016 (which included the European strategy on Cooperative Intelligent
Transport Systems), the first Mobility Package in May 2017, the second Mobility Package in
November 2017 and the third Mobility package in May 2018.

The first Mobility Package put forward a first set of eight legislative initiatives with a special
focus on road transport®. These proposals aimed notably at improving the functioning of the road
haulage market, enhancing the employment and social conditions of workers, and promoting
smart road-charging in Europe. The Commission also made a proposal, by now adopted, for a
monitoring and reporting system of CO, emissions and fuel consumption for HDV (lorries and
buses) to promote the uptake of the most fuel-efficient vehicles®. In addition, a number of non-
legislative accompanying documents, presented a wide range of EU policy support measures
designed to accelerate the shift to a sustainable, digital and integrated mobility system
(investment financing for infrastructure, research and innovation, collaborative platforms, etc.).

The second Mobility Package™ included legislative initiatives on road transport vehicles,
infrastructure and combined transport of goods. The initiatives, including on CO, standards for
cars and vans, public procurement and alternative fuels infrastructure, focus on the reduction of
greenhouse gas emissions and air pollutant emissions and aim for a broad take up of low-
emission alternative fuels and low-emission vehicles on the market.

% COM(2017) 490 final, 13.09.2017.

% COM(2016)501 final

% COM(2011)144

88 https://ec.europa.eu/transport/modes/road/news/2017-05-31-europe-on-the-move _en
% Regulation (EU) 2018/956

"0 https://ec.europa.eu/transport/modes/road/news/2017-11-08-driving-clean-mobility en
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With the third Mobility Package’™, the Commission aimed to ensure a smooth transition towards
a mobility system which is safe, clean and connected & automated. The package includes
legislative initiatives on trucks, a communication on connected and automated mobility72, and an
initiative on battery development. Through these measures, the Commission is also shaping an
environment allowing EU companies to manufacture the best, cleanest and most competitive
transport-related products.

2.2.6 Circular Economy Policy

In December 2015, the European Commission published its EU Action Plan for the Circular
Economy’®, which aims to stimulate Europe's transition towards a circular economy, boost global
competitiveness, foster sustainable economic growth and generate new jobs. The measures
foreseen cover the whole cycle: from production and consumption to waste management and the
market for secondary raw materials and a revised legislative proposal on waste.

The role of the circular economy to ensure the transition towards a low-carbon economy is
already recognised by stakeholders and literature™.

As part of the measures announced in the Circular Economy Action Plan, the Commission has
launched in 2018 the EU Strategy for Plastics in a Circular Economy”, which targets plastics
production and incineration of plastics (that produces every year 400 million of tonnes of CO,).

2.2.7 Common Agriculture Policy

The current Common Agricultural Policy (CAP) provides support to climate mitigation and
adaptation, and ensures sustainable management of natural resources and climate action through
the following instruments: i) cross-compliance mechanism, representing the compulsory basic
layer of environmental requirements and obligations to be met in order to receive full direct
payments under the first Pillar ii) “greening" covering a wide geographical range of agricultural
area across the EU is expected to improve the overall environmental performance of agricultural
production and iii) rural development under the second Pillar which plays an important role in
achieving the environmental objectives of the CAP and combating climate change.

2.2.8 Cohesion Policy

Cohesion policy has traditionally been one of the key EU policies for supporting Member States,
regions and cities in their development and transition. Over the years, it has, for instance,

™ https://ec.europa.eu/transport/modes/road/news/2018-05-17-europe-on-the-move-3_en

"2 As announced in this Communication, the Recommendation on the use of pioneer spectrum for 5G large
scale testing, cybersecurity and on a data governance framework that enables data sharing, in line with the
initiatives of the 2018 Data Package’?, and with data protection’® and privacy legislation’ will come in the
beginning of 2019.

® COM (2015) 614 final

™ For example according to the International Resources Panel, by 2050, resource efficiency policies could
reduce global extractions by 28%. Combined with an ambitious climate action, such policies can reduce
greenhouse gases emissions by 63%, and increase economic growth by 1.5%.

Another study from Material Economics and Sitra, focused on sectors with high energy consumption and
high level of emissions, like steel, plastics, aluminium or cement. It estimates that the circular economy
model could reduce European emissions by 56% (300 Mt) annually until 2050. Globally, emissions savings
could reach 3.6 billion of tonnes of CO2eq per year. Even more important: the study shows that the future
demand of such materials will lead to emissions exceeding the carbon budget of these sectors, even if
implementing energy efficiency and low-carbon measures.

™ COM(2018028 final
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invested in environmental infrastructure, especially in the less developed regions of Europe. For
the 2014-2020 period it has been aligned to the smart, sustainable, and inclusive growth priorities
of the Europe 2020 Strategy and a number of legal requirements to mainstream climate and
sustainable development were introduced (such as earmarking of funds, funding pre-conditions,
partnership principle). All this led to considerable re-focusing of the funding and non-funding
support (e.g. technical assistance, cooperation, capacity building) available. For example,
Cohesion policy will provide EUR 69 billion over 2014-2020 for investments related to all five
dimensions of the Energy Union. Close to 50% of these allocations — or about EUR 32 billion —
had already been committed to real projects on the ground by the end of 2017. Cohesion policy
also supports research and innovation in those areas where regions have competitive advantages,
based on a bottom-up identification by industry, researchers and civil society of smart
specialisation priorities. For the post-2020 period the support for energy, climate and innovation
is proposed to continue with even more focus on cross-sectoral solutions and on innovation to
support the transition of all EU regions.

2.2.9 Waste policy, F-gas regulations.

EU waste policy’ limits landfills while promoting recovery of landfill gas as well as recycling.
By 2020 most EU Member States are foreseen to reduce landfilling of biodegradable waste by
65%. An improved waste management following the waste hierarchy is expected to have a
significant mitigation potential considering biodegradable and non-biodegradable waste. The
revised waste legislation adopted in June 2018 reduces landfilling of municipal waste to 10% of
the total amount of this waste category in 2035'". This deadline may be postponed by up to 5
years’.

In 2014, a new F-gas Regulation” was adopted to phase-down the total amount of HFCs that can
be sold in the EU from 2015 to one fifth of today's sales by 2030. The regulation is expected to
result in the reduction of the EU's total F-gas emissions by two thirds compared to today's levels.

The Kigali Amendment, entering into force on 1 January 2019, requires further step down from
the EU’s 21% (of the baseline) in 2030 to 15% in 2036.

2.2.10 MFF and climate mainstreaming in financing

The European policy making over a decade has been focused on sustainability and climate
change. As the emphasis on decarbonisation increased, more sophisticated measures have been
put in place to design and achieve targets. Giving clear policy signals, these targets and policy
measures have been crucial to guide investors, allowing world clean energy investments to
increase over time (globally USD 360.3 billion in 2015%°), new technologies to emerge and
technology costs to start decreasing in the energy sector. Although the bulk of the necessary
capital will have to be mobilised by the private sector, the remaining market failures and barriers
provide the rationale for public intervention at a European level and call for European public
finance.

"8 Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste

" Directive (EU) 2018/850 of the European Parliament and of the Council of 30 May 2018 amending
Directive 1999/31/EC on the landfill of waste

"8 Directive 2018/850 of 30 May 2018

™ Regulation (EU) No 517/2014 of the European Parliament and of the Council of 16 April 2014 on
fluorinated greenhouse gases and repealing Regulation (EC) No 842/2006

% Bloomberg New Energy Finance( 2018), Runaway 53GW Solar Boom in China Pushed Global Clean
Energy Investment Ahead in 2017, https://about.bnef.com/blog/runaway-53gw-solar-boom-in-china-
pushed-global-clean-energy-investment-ahead-in-2017/
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The European Fund for Strategic Investments (EFSI) is an example of such interventions.
Launched in 2015 in response to the economic downturn, EFSI aimed to unlock additional
investment of at least EUR 315 billion over 3 years providing a total guarantee of EUR 16 billion
combined with EUR 5 billion contribution from the EIB for business and infrastructure projects.
Given its success, EFSI was extended and now aims to mobilise EUR 500 billion of investment
in strategic infrastructure and companies, helping to address key market gaps and structural
weaknesses to build a more competitive, sustainable and prosperous EU economy. EFSI makes a
strong contribution to investments related to the Energy Union. Regular monitoring data indicates
that the energy is one of the largest policy area of operations financed under the EFSI,
representing 20% of total EFSI support.

The InvestEU Programme is the Union's new investment instrument proposed for the next
programming period, built on the success of and lessons learnt from EFSI. The size of the
proposed InvestEU guarantee is EUR 38 billion which is expected to mobilise EUR 650 billion
investments. It is proposed that 30% of this overall budget will contribute to climate objectives.
In particular, 50% of the investments under the “Sustainable Infrastructure” window should
contribute to climate and environment objectives.

The long-term budget of the European Union has an important role to play for decarbonisation by
supporting investments in and mobilising capital towards climate mitigation and adaptation —
including for research and innovation, energy efficiency, renewable energy and network
infrastructure. In its 2014-2020 multiannual financial framework (MFF), the EU decided to
commit 20% (over EUR 206 billion) of the overall budget to climate change. This climate
mainstreaming target has been a useful in integrating climate considerations across the main EU
spending programmes. Along with other EU policies, it has supported an increase in average
annual investment in the EU energy sector. Concerning the transport sector, the EU research
programme Horizon 2020%" will deploy over EUR 2 billion in the period 2018-2020, focussing on
four key energy and climate priorities, including (urban) e-mobility®.

Reflecting the importance of tackling climate change in line with the Union's commitments to
implement the Paris Agreement and the United Nations Sustainable Development Goals (SDG),
the Commission has proposed to set a more ambitious goal for climate mainstreaming across all
EU programmes, with a target of 25% of EU expenditure, or EUR 320 billion, contributing to
climate objectives in the next MFF (2021-2027). The Commission has proposed specific
expected contribution for all relevant programmes, including in research, cohesion (see section
2.2.8), common agricultural policy, strategic infrastructure and external action. This commitment
reflects our ambition to make the EU a global leader in low carbon technology and to ensure that
we achieve our climate and energy targets. Supporting partner countries in achieving the global
climate targets represents the external projection of this ambitious internal goal. Catalysing
strategic investments, such as those in the energy and mobility sectors is targeted through specific
actions, and also identified as a policy goal in horizontal programmes (e.g. Horizon Europe®,
Cohesion Policy, the InvestEU Programme). Budgetary support and technical assistance to areas
where large investment gaps exist (energy efficiency in buildings), which are niche areas (cross-
border renewable projects), or where the rapid technological and market development has not yet
been picked up (capacity building, policy implementation) will provide additional financial

8 The EU biggest research and innovation programme, with nearly EUR 80 billion over 2014-2020
https://ec.europa.eu/programmes/horizon2020/en/

8 COM(2017) 688 final

® Horizon Europe is the next EU programme on research innovation that will succeed to Horizon 2020:
https://ec.europa.eu/info/designing-next-research-and-innovation-framework-programme/what-shapes-
next-framework-programme_en
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impetus to decarbonised investments, complementing the programs that have been and will be
crucial for constructing a secure, clean and integrated European energy system. Looking beyond
its borders, the EU External Investment Plan will aim to leverage private investment to scale up
climate finance and closing current finance needs gaps in sectors that are essential for partner
countries’ transition to low-carbon development paths.

2.2.11 Aviation and Maritime sectors

2.2.11.1 International Aviation

To achieve the temperature goals of the Paris Agreement, all sectors of the economy should
contribute to achieving the necessary emission reductions, including international aviation.

In the EU several measures have been taken to address aviation emissions. Air traffic
management (ATM), research, development and innovation and sustainable alternative fuels,
have the potential to contribute to reducing aviation emissions®. The European Union’s Single
European Sky (SES) policy aims to transform ATM in Europe, tripling capacity, halving ATM
costs with 10% less environmental impact. The Clean Sky EU Joint Technology Initiative (JTI)
aims to develop and mature breakthrough “clean technologies”.

Aviation has been included in the EU ETS since 2012, and has so far contributed to reducing an
estimated 100 million tonnes of CO, emissions between 2012 and 2018 under the EU ETS cap.
At its inception in 2012, the inclusion of aviation in the EU ETS also included flights to and from
Europe. Presently the EU has limited the scope of the EU ETS to flights within the EEA® to
support the development of a global measure, the Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA)®, under development in International Civil Aviation
Organization (ICAO). CORSIA aims to stabilise CO, emissions at 2020 levels by requiring
airlines to offset the growth of their emissions after 2020, by purchasing international credits for
emissions reduction made elsewhere or by taking actions themselves to limit emissions. Its
rulebook for offsetting is still under development.

The next review regarding aviation in the EU ETS has to consider how to amend the EU ETS
legislation to take into account the development of CORSIA. In the absence of a new
amendment, the EU ETS derogations will end from 2024.

Internationally, the International Civil Aviation Organisation (ICAQ) has initiated work for the
mitigation of CO, emissions associated with aviation activities, notably with the two goals: 2%
annual fuel efficiency improvement through to 2050; and the stabilisation of CO, emissions at
2020 levels through a market-based offsetting mechanism. To attain these goals, a basket of
measures was agreed in ICAO. Next to CORSIA these comprise aircraft-related technology and
standards; improved operations and ATM; development and deployment of sustainable aviation
fuels®” ®. The CO, standards for new aircraft adopted by ICAQ in 2017 will be implemented in
EU law in early 2019.

8 European Environment Agency (EEA), European Aviation Safety Agency (EASA), EUROCONTROL.
(2016). European Aviation Environmental Report

8 Regulation (EU) 2017/2392 of the European Parliament and of the Council of 13 December 2017
amending Directive 2003/87/EC to continue current limitations of scope for aviation activities and to
prepare to implement a global market-based measure from 2021

% |CAO. (2016c). Resolution A39-3: Consolidated statement of continuing ICAO policies and practices
related to environmental protection — Global Market-based Measure (MBM) scheme.

8 ICAO. (2016a). Resolution A39-1: Consolidated statement of continuing ICAO policies and practices
related to environmental protection — General provisions, noise and local air quality.
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In addition, it should be pointed out that the international aviation industry, which had originally
proposed the "2020 carbon neutral growth™ objective, also agreed on an aspirational goal to
reduce net emissions from aviation by 50% by 2050 compared to 2005 levels®.

2.2.11.2 International Maritime Shipping

Following up on the 2011 EU White paper on transport, the Commission adopted in 2013 a
strategy on the decarbonisation of shipping, calling for a gradual approach in the EU, starting
with an EU monitoring, reporting and verification (MRV) scheme. As a result, the European
Parliament and the Council adopted in April 2015 the Regulation (EU) 2015/757 on the
monitoring, reporting and verification of carbon dioxide emissions from maritime transport. This
EU MRV scheme will start providing information on ships' efficiency to relevant markets as from
June 2019.

Meanwhile, the International Maritime Organization (IMO) started working on the reduction of
GHG emissions in 1997, but the first measure was only adopted in 2011 with agreement on a
mandatory minimum efficiency standard for new ships (Energy Efficiency Design Index, EEDI)
and the obligation for ships to carry energy efficiency management plans on board. In 2016,
following the entry into force of the Paris Agreement and the adoption of an EU Monitoring,
Reporting and Verification Regulation, it adopted an amendment to the MARPOL Convention®
and specific guidelines for a Data Collection System (IMO DCS) to report fuel consumption of
ships to flag States as from 2019. Finally, after two years of negotiation, IMO adopted in April
2018, an initial strategy on the reduction of GHG emissions from ships with the objective to
reduce emissions by 50% by 2050 compared to 2008 while pursuing efforts to achieve full
decarbonisation as soon as possible in this century.

2.2.12 The need for new vision

Drawing all of the different policy threads together through the Energy Union, the Paris
Agreement as well as the economic technological, societal changes and advances that have
occurred over the last decade require an updated analysis to elaborate a decarbonisation strategy
fully integrated within the Commission’s political priorities, notably: jobs and growth, further
integration of the internal market, a fairer and more sustainable economy and making the EU a
stronger global actor. The technological developments have been particularly prominent,
reshaping energy supply as well as affecting consumer behaviour. The growing consumer
awareness and resulting change in consumption patterns will influence how the markets will
develop in the future taking also into account the growing role of consumers and new business
models spurred through the digitalisation of the economy. The demand side sectors will be
shaped by more optimal consumers' and businesses' choices leading to the smarter use of energy,
sustained by widespread automation and digitalisation, accurate and useful consumer
information, ambitious standards and targeted policies addressing the remaining market and
regulatory barriers and behavioural biases.

On the energy supply side, contrasted technological developments over the last decade, with, in
particular, lower than expected costs for certain renewable energy sources on the one hand and
higher than expected challenges for CCS on the other hand, have changed the perspective when
looking at a future decarbonised energy system for the EU. In addition, rapid development of

% |CAO. (2016b). Resolution A39-2: Consolidated statement of continuing ICAO policies and practices
related to environmental protection — Climate change.

8 Air Transport Action Group (ATAG)) https://www.atag.org/our-activities/climate-change.html

% |nternational Convention for the Prevention of Pollution from Ships
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technologies has made some actors willing to look at future alternative low-carbon energy
carriers: hydrogen and e-fuels (synthetic fuels produced from decarbonised electricity).

Energy storage emerges as a key enabling technology for addressing the flexibility requirements
for integrating variable renewable electricity into the grid and for providing green electricity for
electrified transport, industry and buildings sectors (and thus providing further rationale and
helping the sectoral integration). Large amounts of variable RES can actually be stored in the
form of hydrogen and e-fuels, capable of providing significant flexibility to the electricity system
and decarbonising other sectors. The expectations of new technologies in delivering on the Paris
Agreement goals is well illustrated by the fact that the Agreement itself was flanked by the
launch of Mission Innovation®, complementing the Clean Energy Ministerial (CEM*) created
during COP15 in Copenhagen (2009), two global inter-governmental initiatives aiming at
accelerating clean energy innovation and making clean energy widely affordable.

It has to be also noted that deployment of some technologies (e.g. for electric vehicles) raise
some concerns in terms of future supply of raw materials. These issues make the implementation
of circular economy approaches even more desired — not only to reduce direct emissions® but
also to avoid possible future obstacles of this nature in the deployment of new technologies.

Recent years have also seen significant changes on other fronts than energy technologies that also
have or will have impacts on decarbonisation pathways. Notably in the field of mobility
connected and automated driving is shifting the paradigm towards 'mobility as a service',
‘accessibility' and 'connectivity', which will have potentially big impacts on safety, efficiency and
emissions. Considering behavioural change is now possible either, partly because technology
progress made certain solutions easily available to consumers (e.g. own energy production from
renewables, better control of indoor temperature or more effective travel planning mindful of the
carbon footprint). Consumer awareness has also grown that certain choices can lessen the carbon
footprint and yield side-benefits, notably on health improvement. Limiting food waste, engaging
on active mobility or healthier diets are now mainstream consumer considerations in Europe and
other options could follow this suit, including limiting fast growth in long distance travel and
shifting to more sustainable transport modes like rail, or limiting the purchase of new consumer
goods. These aspects are discussed more in detail in section 5.5. Importantly, the growing
consumer awareness and role of consumer choice will have impact on the delivery of the new
vision - with increased role of the citizens, organised civil society, local and regional authorities
in the governance.

2.3 Policy initiatives at national level

2.3.1 The implementation of the EU acquis

The swift and complete national transposition and implementation of the EU acquis by the
Member States, complemented with appropriate national actions, is a primary precondition for
the delivery of the decarbonised, more competitive and dynamic economy that Europeans seek.
The following illustrates the different areas of the EU acquis in the areas of climate and energy,
and complements this with examples of national measures.

Security of energy supply also has a significant EU acquis that builds on national measures in the
electricity, oil, gas and transport sectors. This includes the oil stocks directive, infrastructure

° Mission Innovation (2018), http://mission-innovation.net/
% Clean Energy Ministerial (2018), http://www.cleanenergyministerial.org/
% Recycling is generally less energy intensive than extraction.

38


http://mission-innovation.net/
http://www.cleanenergyministerial.org/

planning or generation adequacy coordination, all areas where regional cooperation and trust
would strengthen the situation of the EU and its members. This is currently being fostered
through so-called “preventive action plans” and “emergency plans” that are to be notified to the
Commission by 1 March 2019 and updated regularly, the conclusion of “solidarity arrangements”
containing technical, legal and economic details and the preparation of national risk preparedness
plans.

In the area of energy production and transmission infrastructure, Member States formulate and
coordinate among each other national infrastructure development plans to manage the adequacy
of their energy production, including their maintenance and extensions. Such plans are developed
and implemented in conjunction with TEN-E policy, including the identification and co-financing
of projects of common interest (PCI). Some 77 PCls will have been finalised by 2020 and
received EUR 2 billion from the EU. The EU has also developed the most advanced legal
framework for nuclear energy, ensuring that those Member States who chose nuclear are
complying with the highest safety and security standards.

Regarding energy efficiency, the Energy Efficiency Directive (EED) requires that energy
efficiency policy measures are taken at national level and reported in the National Energy
Efficiency Action Plans (NEEAPS). These should target each sector of the economy (residential,
services, industry, transport and energy supply). The types of measures include regulations,
standards, funds, financial & fiscal measures (including taxation and incentives and other market-
based instruments) and awareness raising, knowledge & advice as well as education, qualification
and training.

The residential and service sectors benefit from a wide range of national policy measures to
support energy efficiency improvements. In addition to the regulatory measures directly in
relation to the Energy Performance of Buildings Directive and specific Eco-design Regulations,
measures have been enacted to address split incentives or strengthening energy efficiency
requirements for buildings. Typical instruments used for this include grants, low-interest loans
and fiscal incentives or more innovative programmes such as energy performance contracts,
guarantee facilities, possibly combined with grants and technical assistance, on-bill recovery,
Property Assessed Clean Energy (PACE) type financing (proposing low-cost, long-term funding
to be repaid as an additional payment on a property’s regular local property tax). Information and
awareness-raising measures have also been implemented with the focus on residential and service
sectors. In addition, various Member States have mentioned in their NEEAP on-going or planned
efforts related to alleviation of energy poverty.

National measures to achieve the energy savings obligation of 1.5% each year by 2020 (from
annual energy sales to customers) will be key for the 2020 energy efficiency target. Energy
efficiency obligation schemes (putting an obligation on energy distribution operators or energy
retail companies) are a key instrument since they trigger private investments in residential or
services sectors through for example installation of more efficient heating or cooling systems and
insulation of walls or roofs. The obligation schemes will remain an important market based
policy instrument in view of achieving the new savings obligation for the period 2021- 2030%

Regarding decarbonisation, the EU Emissions Trading System (EU ETS) and the EU Effort
Sharing Regulation (EU ESR) covering non ETS sectors form the core regulatory framework set
in place to reach the consecutive emissions reduction targets. This is complemented with
legislation ensuring that emissions and removals from Land Use, Land Use Change and Forestry
(LULUCF) are at least neutral and sectoral regulations that set CO, emission standards for

% For the period post 2020 annual energy savings obligation of 0.8% of final energy consumption are to be
pursued see the section 2.2.3.
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passenger cars and vans, regulate emissions of F-gases, and increase the deployment of
renewable energy.

Regarding renewables in particular, Member States are implementing their national renewable
energy action plans (NREAP) and are nearly all on track to deliver their 2020 national binding
targets. By implementing these renewable energy plans Member States reduce emissions,
increase the indigenous energy supply, create new jobs, and drive innovation and technological
and industrial development. At the same time, renewable energy requires that more ‘intelligent’
transition infrastructure is put in place and that energy systems are integrated on a larger scale
throughout Europe, which in turn requires more coordination and synchronisation across Member
States to ensure the internal market functions properly and energy resources flow efficiently
between Member States. High shares of renewables requires additional actions in terms of
sectoral integration of energy supply and demand, with contributions from the transport sector,
heating and cooling or industrial processes. Such integration will take place through the
development of decarbonised energy vectors, including electricity but also newer vectors like for
instance hydrogen. A strong reflection of the interest of the Member States in this area is the
Hydrogen Initiative launched by the Austrian presidency and signed in Linz in September 2018%.

Regarding research & innovation, whilst in the EU private investments constitute around 80% of
R&I spending, national and EU R&I programmes complement and add steer, also fostering
efficiency and cooperation among stakeholders when embarking on the large projects for the
development and demonstration of new technologies, materials and processes needed for the
energy transition.

Better governance and policy planning: Integrated_National Energy and Climate Plans will
streamline many of the previously existing planning, reporting and monitoring requirements will
promote coherent progress towards EU-level targets and policies. The National Plans will
address, in a transparent manner, national targets, objectives and contributions across all five
Energy Union dimensions from 2020 onwards. National Energy and Climate Plans will also
include policies and measures underpinning the delivery of those targets, thereby allowing for a
close political monitoring of progress towards targets and of interactions between different
policies. A solid analytical framework should explore and illustrate the impacts of proposed
targets policies and measures. The Plans will also promote a broader engagement of EU general
public and stakeholders on Member States long term energy and climate priorities and enhance
coordination between Member States in their policy planning efforts.

2.3.2 Additional national policies

Some policies are not explicitly required under the EU acquis and while well aligned with the EU
climate and energy policies, they are largely dependent on national considerations. The most
notable examples are the coal phase-out, nuclear power deployment/phase-out and carbon tax as
well as urban planning. In the transport sector, a wealth of measures has been adopted at national
level to incentivise modal shift and the uptake of alternative fuels, including electro-mobility:
purchase subsidies, registration tax benefits, ownership tax benefits, company tax benefits, VAT
benefits, local incentives and infrastructure incentives. Also forest and land policies which are
important components of decarbonisation strategies are mostly in Member State competences.

Coal phase-out

% Non-binding, this initiative still shows a strong support to hydrogen as an enabler of the energy
transition: storage, sector coupling, injection in gas network, use by the industry or for the production
of synthetic fuels:
https://www.hydrogeneurope.eu/sites/default/files/2018-09/The%20Hydrogen%20Initiative.pdf
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Ten EU Member States have announced coal phase-out and European utilities represented in
EURELECTRIC have recently announced their intention not to invest in new coal plants after
2020%. While decarbonisation is a very important consideration for them, there are also other
drivers. In the EU, coal consumption has fallen by 34% since 1995 and production by 53%. Thus
the EU coal import dependency has increased (to 40%) even though its share in total EU energy
mix has decreased to 15%. Russia still provides 30% of EU hard coal imports, including 100% of
imports by Estonia and Lithuania, 97% by Greece, 94% by Latvia, and smaller share for Poland.
Thus there are not only climate reasons but also security of supply reasons to reduce EU coal
consumption. The recent national announcements of coal power plants phase-out is expected to
lead to further reduction of coal demand, with repercussions for gas, renewables and nuclear, and
to contribute to the reduction of overcapacity in the power generation system. Mitigating social
repercussions, especially when related to national coal-mining activities, will be facilitated by the
“Coal Regions in Transition" platform®, a policy instrument that will support development of the
accompanying strategies required for the transition.

Nuclear power

The EU Treaty allows each Member State to decide on its energy mix*, including on the role of
nuclear which represented 26% of EU power production in 2016%. The countries which plan to
keep or develop nuclear energy as one of their energy sources share the view that it can
contribute to energy security, competitiveness and cleaner electricity. Both the Energy Union
Strategy'® and the European Energy Security Strategy'®* stressed that Member States that decide
to use nuclear energy need to apply the highest standards of safety, security, waste management
and non-proliferation as well as diversify nuclear fuel supplies.

At the end of 2017, 126 nuclear power reactors were in operation in fourteen Member States'®”
1% New build projects are envisaged in ten Member States, with four reactors already under
construction in Finland, France and Slovakia. Other projects in Finland, Hungary and the United
Kingdom, are under licensing process, while projects in other Member States (Bulgaria, the
Czech Republic, Lithuania, Poland and Romania) are at different stages of preparation. The
United Kingdom has announced its intention to close all coal-fired power plants by 2025 and to
fill the capacity gap mainly with new gas, biomass and nuclear power plants. On the other hand,
some national energy policies have fixed a ceiling for the share of nuclear in their respective
range of energy generation sources (e.g. France), others (e.g. Germany and Belgium) have
decided to gradually phase-out from nuclear while other Member States have never used nuclear
energy.

% EURELECTRIC (2017), European Electricity Sector gears up for the Energy Transition,
https://cdn.eurelectric.org/media/2128/eurelectric_statement on_the energy transition 2-2017-030-
0250-01-e-h-E321F960.pdf

% European Commission (2017)
https://ec.europa.eu/energy/en/events/conference-coal-regions-transition-platform

% Lisbon Treaty, Article 194, paragraph 2
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:12012E194&from=EN

% European Commission (2018), Statistical Pocketbook 2018
https://ec.europa.eu/energy/en/data-analysis/energy-statistical-pocketbook

100 com(2015) 80

191 cOM(2014) 330

192 | AEA (2018), Nuclear Power Reactors in the World, Edition 2018
https://www-pub.iaea.org/books/| AEABooks/13379/Nuclear-Power-Reactors-in-the-World

193 These Member States are Belgium, Bulgaria, the Czech Republic, Finland, France, Germany, Hungary,
the Netherlands, Romania, Slovakia, Slovenia, Spain, Sweden and the United Kingdom.
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The importance of long-term operations is expected to increase in the coming years, and by 2030
the majority of the fleet would be operating beyond its original design life. Long-term operations
are expected to represent the majority of nuclear investments in the short to medium term.
Regulatory approval has been already granted for operational lifetime extension of certain
nuclear power reactors in some Member States (e.g. Hungary and the Czech Republic). Decisions
on operating lifetimes depend on current and forecast electricity market conditions and
sometimes also on social and political factors. Such decisions are subject to a strict and
comprehensive safety review by the competent independent national regulator, and as a basic
requirement the highest safety standards have to be implemented®.

Carbon taxation

Some Member States have adopted systems that levy taxes related to CO, emissions. There is lot
of heterogeneity in term of scope and implementation of these policies across the Member States.
Most commonly, these taxes target the transport sector either by applying registration or
circulation taxes based on vehicle emissions or transport fuel taxes based on the carbon content
or the efficiency of the fuel. Several Member States have broadened the scope of fuel carbon
taxes to other sectors than transport.

2.4 Regional cooperation

In many policy fields, regional cooperation fosters synergies and complementarities across
Member States as well as with neighbouring countries. It is very important in the context of
energy and climate policies, considering, for example, the need to pull common resources for
financing research and innovation, building infrastructure, development of large projects such as
renewable energy in the North or Baltic Sea or facilitating the access to financing for capital-
intensive projects. It is thus highly relevant for the Energy Union, and will certainly help the
clean energy transition in the medium and long term. Whether the EU applies a single European
scheme (e.g. the EU ETS), adopts legislation or fosters and coordinates cooperation amongst
energy regulators, including for instance on agreeing on the necessary rules for electricity trading
and grid operation in the respective regional groups defined under the EU Network Codes and
Guidelines, the lesson is that coordination, cooperation and integration brings clear mutual
benefits in this policy field.

Against this background, the Governance of the Energy Union Regulation requires Member
States to engage in regional coordination both in the preparation and the implementation of their
National Energy and Climate Plans. Regional coordination also required in the context of
infrastructure planning and the joint development of projects of common interest.

A number of regional cooperation fora dedicated to energy issues are already set-up and will
undoubtedly play a role in the clean energy transition process. Such fora include the Baltic
Energy Market Interconnection Plan (BEMIP), the Central and South-Eastern Europe
Connectivity (CESEC), the Central-West Regional Energy Market (CWREM), the North Seas
Countries’ Offshore Grid Initiative (NSCOGI), the Pentalateral Energy Forum, Interconnections
for South-West Europe and the Euro-Mediterranean Partnership.

Further, the contribution of transnational initiatives like Macro Regional Strategies should be
fully exploited notably to build the political momentum necessary for scaling-up. There are
currently four EU Macro-Regional Strategies concerning 19 EU Member States and 8 non EU
countries which cover the following macro-regions: the Baltic Sea Region, the Danube Region,

104 COM(2017)237 final
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the Adriatic and lonian Region, and the Alpine Region. They have shown the importance of
strengthening cooperating among Member States for maximising synergies by acting at
transnational level, pooling resources together and should lead to efficiency gains.

Cooperation with non-EU partners is also taking place, including with the Energy Community
contracting parties'®, members of the European Free Trade Association'®® and, when appropriate,
with other third countries.

2.5 Action agenda by regions, industry and civil society

One of the key achievements of the 23 Conference of Parties presided by Fiji Islands was the
concept of "Grand Coalition of all Stakeholders" that goes beyond the COP 20 Paris-Lima Call
for global climate action stakeholders to record their voluntary action'®. The Grand Coalition
includes states, local governments, business, faith-based organisations and citizens to join forces
in fighting climate change. A pre-released chapter of the UNEP Emissions Gap report 2018'%
shows that additional emissions reduction made so far by non-state actors are still quite limited:
in the order of 0.2-0.7 GtCO, per year by 2030 compared to full NDC implementation. The low
level of available data and lack of consistent reporting limit a more comprehensive overview.
However, global climate action, if realised to its full potential, could deliver additional emissions
reduction to current policies in the range of 15-20 GtCO, annually in 2030, which is a
considerable contribution to closing the gap. EU stakeholders have been at the forefront of these

developments™®.

2.5.1 Regional actors

Regional governments and cities, with their impact on economic, spatial, environmental planning
and energy provision challenges, are increasingly drivers of the energy transition and becoming
resilient. The Covenant of Mayors for Climate and Energy initiative', where local governments
voluntarily commit to implementing climate and energy objectives, has already 7,383 EU
signatories (as of 1 October 2018), representing in total 198 million citizens of the EU. A recent
analysis of the local climate plans of 885 representative EU cities concluded that close to 66% of
them have a climate mitigation plan and 26% have adopted adaptation plans***. The EU initiative

is mirrored on the global level by the Global Covenant of Mayors for Climate and Energy**?.

Furthermore, the Urban Agenda for the EU'*®, where cities, Member States, the Commission as
well as other EU institutions and actors collaborate within the intergovernmental framework,

195 Includes (as of September 2018): Albania, Bosnia and Herzegovina, FYR of Macedonia, Georgia,
Kosovo, Moldova, Serbia and Ukraine, https://www.energy-community.org/

19 Includes: Iceland, Liechtenstein, Norway, and Switzerland, http://www.efta.int/

%7 UNFCCC (2017), UN Climate Change Conference 2017 Aims for Further, Faster Ambition Together,
https://unfccc.int/news/un-climate-change-conference-2017-aims-for-further-faster-ambition-together

1% UN Environment (2018), Bridging the emissions gap — The role of non-state and subnational actors
https://wedocs.unep.org/bitstream/handle/20.500.11822/26093/NonState_Emissions_Gap.pdf?sequence
=1&isAllowed=y&stream=top

1% UNFCCC (2017), Yearbook of Global Climate Action 2017,
http://unfccc.int/tools/GCA_Yearbook/GCA_Yearbook2017.pdf

19 https://www.covenantofmayors.eu

11D Reckien et al., How are cities planning to respond to climate change? Assessment of local climate
plans from 885 cities in the EU-28, Journal of Cleaner Production, 26 March 2018,
https://www.sciencedirect.com/science/article/pii/S0959652618308977?via%3Dihub

12 https://www.globalcovenantofmayors.org /

113 https://ec.europa.eu/futurium/en/urban-agenda
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reinforces the urban dimension of relevant EU policies. The Agenda is being implemented
through Partnerships aimed at achieving better regulation, better funding and better knowledge
for cities in Europe. Through the agreed joint actions, the Partnership on Climate Adaptation
aims to enhance the capacities of European cities in addressing and adapting to the impacts of
climate change, and the Partnership on Energy Transition will contribute to the development of
smarter and more integrated energy systems in European cities that are secure, resilient,
affordable, clean and sustainable. Several other Partnerships, such as Urban Mobility and Air
Quality, contribute to tackling the climate and energy challenge as well.

For regional governments, initiatives such as the Under 2 Coalition'** are important as they
actively reach out to their global members to draft 2050 pathways to set a dedicated goal of
reaching less than 2 tCO.eq/capita by 2050, equivalent to 80% below 1990 Ilevels.
200 jurisdictions globally have already committed to this long-term goal. Against this
background, the EU Governance Regulation facilitates the involvement of regional and local
actors in the definition of national energy and climate priorities.

2.5.2 Sectoral actors

Industries in Europe and their sectoral representatives have recognised the necessity of becoming
more sustainable and substantially reducing GHG emissions by 2050. Private actors, large
companies and sector associations are increasingly reporting on how to significantly reduce EU
greenhouse gas emissions in the coming decades (see section 6.3). A record of just over US$74
billion of Green Bonds were issued in the first half of 2018.*°> There are many existing case
studies of companies voluntarily implementing emission-reduction measures: for instance in
order to achieve Heineken's sustainability target along its supply chain, Austrian brewery Goss
has shifted entirely to using renewable and reusable energy sources, getting rid of its CO,
emissions *°. Eni has created the world's first green refinery,"*" in 2013 DHL came forward with
Street Scooter, its own electric delivery van*®, and Siemens aims to achieve a worldwide net-
zero carbon footprint by 2030."*° Industry responses to the public consultation (see section 7.1)
show a considerable evolution of their position in the last decade. For instance, 43% of private
business supported achieving a balance between emissions in the EU by 2050 and 37% a
reduction of 80-95%. Equally, there is a wealth of scenario studies done by different industry
sectors on a variety of pathways. In contrast to the preparations for the roadmap in 2011,
stakeholders tend to start from an 80% reduction target. More dominance is given to solutions
involving electrification, hydrogen, but also circular economy and lifestyle changes.

2.5.3 Citizens and civil society

Citizens have started to act both individually and collectively much more decisively on climate
change which reflects the fact that climate change has become a concern for the overwhelming

114 https://www.under2coalition.org/

15 UN Environment (2018).

118 Heineken (2018), Carbon-neutral brewing dream a reality for Géss
https://www.theheinekencompany.com/sustainability/case-studies/carbon-neutral-brewing-dream-a-
reality-for-goss

T ENI (2018), From oil to biomass,
https://www.eni.com/en_1T/innovation/technological-platforms/bio-refinery.page

18 DHL (2018), StreetScooter opens second manufacturing facility in Diiren
http://www.dhl.com/en/press/releases/releases 2017/all/streetscooter opens_second manufacturing_fa
cility in_dueren.html

19 Sjemens (2018), Siemens is going carbon neutral
https://www.siemens.com/global/en/home/company/sustainability/decarbonization/carbonneutral.html
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majority of them — see for example recent Eurobarometer results'?’. Fighting climate change as a
part of safeguarding natural resources for future generations and as an essential element of their
quality of life has for a long time been a concern for large part of European society. This has
recently been magnified as awareness of scientific findings have grown and consumers have
become more conscious about the carbon footprint of their actions. It is now clear that consumer
choice can have an impact creating new markets as well as pressure on industry to adapt their
offers allowing for more sustainable products coming to market. Already 1.5 million households
in Germany produce their own energy for self-consumption through solar panels'?*. Consumer
expectations'? and the prospect of a substantial market prompt companies from all sectors to
introduce renewable energy guarantees, carbon offset programs or low carbon products (in terms
of their production chain).

Multiple examples can also be found in the field of urban mobility — certainly also because in this
case decarbonisation has very quickly visible co-benefits such as better air quality, less noise or
in sum more "liveable" cities. This is why citizens take actions themselves and support initiatives
at the local level. For instance, the city of Milan has adopted its Sustainable Urban Mobility Plan
in April 2018 with measures such as traffic reduction and shared mobility as core elements. A
new shared “free floating” system, operated by cars, bikes and scooters, is fully integrated and
supports both individual mobility and local public transport. As a consequence, the number of
alternatives to private cars has risen: nearly 3,000 shared cars (27% fully electric) and more than
600,000 subscribers, 4,650 bikes, 12,000 free-floating shared bikes and 100 fully electric shared
scooters'®, Measures such as reduced traffic operation in city centres or even overall traffic
reduction, banning polluting vehicles from accessing the city centres, bike rental services
together with development of secure biking paths and shared mobility/"mobility as a service" are
now core elements of the strategy applied by many cities in Europe.

It is clear that the clean energy transition and the achievement of net zero GHG emissions in the
European economy can only happen with citizens’ buy-in. Consumer choice will increasingly
become complementary to technological change and often a pre-condition for technology change
to happen. Further work will be necessary to increase the transparency about products and
services® carbon footprint and thus capitalise on current consumer awareness. Organised civil
society will play a key role in the further development of consumer awareness and providing the
motivation for lifestyle change.

1202017 Eurobarometer survey, see https://ec.europa.eu/clima/citizens/support_en

121 Eurobserver (2018), Photovoltaic barometer 2018,
https://www.eurobserv-er.org/pdf/photovoltaic-barometer-2018-en/

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

2 ELTIS (2018), Shared mobility enabling Maa$ in Milan’s SUMP,
http://www.eltis.org/discover/case-studies/shared-mobility-enabling-maas-milans-sump
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3 IMPACT OF CURRENT POLICIES BEYOND 2030

3.1 Policies and assumptions

The EU and its Member States have put in place a set of policies that will already strongly impact
the EU's transformation up to 2030 and will continue to do so afterwards with the ambitious
energy and climate targets as recently agreed (see section 2.2). This section assesses what the
impact of those policies will be up to and beyond 2030.

For the purpose of this assessment, a baseline scenario (referred to below as “the Baseline”) was
developed to reflect the current EU decarbonisation trajectory based largely on agreed EU
policies, or policies that have been proposed by the Commission but are still under discussion in
the European Parliament and Council.

It largely builds on the Reference scenario 2016 (referred to below as “REF20167)*** but also
presents an update on a number of key elements detailed in Annex 7.2.2. The Baseline keeps the
macro-economic projections, fossil fuels price developments and pre-2015 Member States
policies as implemented in REF2016. On the other hand, it incorporates an update of technology
assumptions as conducted under the ASSET project'® as well as several major recently agreed
pieces of legislation as well as recent Commission proposals. A new element is also that the
Baseline, includes projections all the way to 2070, as a way to start reflecting on potential
pathways in the second half of the century. Most importantly, the Baseline also projects the
achievement of energy and climate 2030 targets'®® as agreed by June 2018 as well as a
continuation of policies impacting non-CO, emissions.

The aim of the Baseline is to illustrate the impact that current climate and energy policies and
goals would have on long-term energy and GHG evolution. It thereby offers a basis for
comparing different long-term pathways consistent with targets limiting global warming to well
below 2°C or 1.5°C. The Baseline has been specifically built for the purpose of the development
of the long-term strategy. It does not reflect specific Member State policies adopted as of 2015,
and it was not possible to consult with Member States to verify that current or updated policies as
being developed under the national energy and climate plans are adequately represented.

124 The "EU Reference Scenario 2016 — Energy, transport and GHG emissions - Trends to 2050"
publication report describes in detail the analytical approach followed, the assumptions taken and the
detailed results,
https://ec.europa.eu/energy/sites/ener/files/documents/ref2016 _report_final-web.pdf

125 Modelling scenarios for development of the energy system is highly dependent on the assumptions on
the development of technologies - both in terms of performance and costs. While these assumptions
have been traditionally developed by the modelling consultants, based on a broad and rigorous
literature review, the Commission is increasingly seeking a review of these technologies by
stakeholders to make them even more robust and representative of the current projects as well as
experts’ and stakeholders’ expectations. This is why a dedicated project was launched by the
Commission in early 2018 to ensure robustness and representativeness of the technology assumptions
in model PRIMES by reaching out to relevant experts, industry representatives and stakeholders, who
are in possession of the most recent data in the different sectors. The project run was concluded in July
2018 and its final report (including the finalised technology assumptions) is available here:
https://ec.europa.eu/energy/en/studies/review-technology-assumptions-decarbonisation-scenarios

126 The 2030 targets are: at least 40% GHG emissions reduction compared to 1990; with 43% GHG
emissions reduction in ETS sector compared to 2005 and 30% GHG emissions reduction in effort-
sharing sector compared to 2005; at least 32% renewable energy share in final energy consumption and
at least 32.5% reduction in both primary and final energy consumption compared to (2030 projections
established in) 2007 Baseline — see more details on EU policies in section 2.2.
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3.2 Energy supply and demand

3.2.1 Energy supply

The EU energy supply projections evolve both in terms of its overall level and the energy mix.
Comparing primary energy consumption (PEC) projections to its historical 2005 levels, the
Baseline achieves 26% reduction in 2030 (reflecting achievement of 2030 target), 35% reduction
in 2050 and there are no further reductions by 2070 as continuous effect of energy efficiency
policies is counterbalanced by effects of economic growth on energy consumption.

The first component of EU energy supply - energy production is projected to decrease by 28% in
2050 (compared to 2005). The fossil fuels production falls by 88% and renewable energy
production (chiefly from wind, solar, biomass and waste) more than doubles in the same time -
driven by the 2030 renewable energy target and competitive renewable technologies costs. The
nuclear energy production, although slightly decreasing, would still keep an above 10% share of
the energy mix.

The second component of the EU energy supply - net fuel imports will decrease by some 33%:
from some 980 Mtoe in 2005 to 670 Mtoe in 2050-70. This decline in the Baseline happens
chiefly because of reductions in fossil fuels and, to a smaller extent, and post 2030 only,
renewable energy (biomass) imports. While energy efficiency measures mostly target natural gas
consumption, it is the competitiveness of wind and solar technology that chiefly drives their
higher penetration and thus reductions in the demand for biomass (including from imports). As a
result, the EU's fossil fuel import dependency moderately decreases (from 52% in 2005 to 50% in
2050).

Figure 7: Primary energy production in the Baseline

900

800

700 B Geothermal

600 Solar and others
© 500 m Wind
é’ Biomass & Waste

400 O Hydro

300 Nuclear

200 W Natural gas

100 m QOil

W Solids

0
2010 2015 2020 2025 2030 2035 2040 2045 2050
Source: Eurostat (2010, 2015), PRIMES.

Looking already on the transformation sector, overall electricity generation is growing strongly
throughout the projection period. Electrification of demand is led by electrification of heating and
cooling (notably with heat pumps) and a continuous increase of IT, leisure and communication
appliances in the residential and tertiary sectors. The transport sector is also projected to drive
upwards demand in electricity with the further electrification of the rail and the gradual

penetration of electric vehicles'?’.

127 The advent of connected and automated mobility will also lead to increased deployment for IT and thus
greater demand of electricity but this will rather be reflected in the services sector.
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The EU power generation mix changes considerably in favour of renewables with the increase in
wind being the most spectacular. By 2050, 73% of the electricity is generated from renewable
resources, while nuclear and natural gas maintain their role in the power generation mix. By
contrast, electricity produced from oil and solids becomes marginal (see Figure 8).

Figure 8: Gross electricity generation in the Baseline
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3.2.2 Energy demand

The final energy consumption (FEC) in the Baseline decreases by 26% between 2005 and 2050
due to moderation of final energy demand. This moderation of demand is most significant in the
residential sector (38% reduction in 2050 compared to 2005). In industrial sector, 23% reduction
in 2050 compared to 2005 is achieved but savings plateau post 2030. In transport, 24% reduction
is achieved but, conversely to industry, there is an acceleration in savings post 2030. Finally, in
tertiary sector (combining services and agriculture) the reduction in 2050 is the smallest (10%).

The changes in energy mix, driven by less demand for fossil fuel contrasted with an increasing
use of electricity (Figure 9) also help to reduce overall levels of demand. These trends reflect the
significant role of energy efficiency with ambitious 2030 targets and the implementation of
dedicated EU legislation, notably the energy Efficiency Directive (EED), the Energy
Performance of Buildings Directive (EPBD), the Ecodesign and energy labelling legislation, CO,
emissions standards for light duty vehicles and for heavy goods vehicles and other initiatives
adopted recently that increase the efficiency of the transport system.
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Figure 9: Final Energy demand by sector
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Figure 10: Final Energy demand by fuel/energy carrier
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3.3 CO, emissions

The CO, emissions are projected to decrease steadily towards 2050, mainly supported by very
substantial reduction in the power sector and more generally in sectors covered by the EU
Emissions Trading System, for which the Baseline assumes a continuation of the reduction of the
ETS cap with 2.2% per year, as implied by the current legislation. By 2050 the emissions reduce
to just above 1600 MtCO, (Figure 11), this is a 65% reduction compare to 1990 level.

Overall, the main drivers for the decarbonisation are the increasing energy efficient in all sectors,
in particular in industry, as well as the penetration of renewable energies.

Notwithstanding the transport sector becoming the largest source of CO, from 2020 onwards,
fuel efficiency gains driven by standards and transport policies significantly reduce (by 38%)
transport emissions between 2005 and 2050.
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Figure 11: Carbon dioxide emissions by sector
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Source: PRIMES.

3.4 Non-CO, emissions

Non-CO, emissions are projected to reduce by 50% in 2050 compared to 1990. Since most of the
legislation related to non-CO, emissions targets the pre-2030 period, the level of emissions
flattens after 2030 and even increase slightly beyond 2050 (Figure 12).

Figure 12: Baseline projections of non-CO, emissions by sector and by gas (MtCO.eq)
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50



The reduction by 2050 will be the strongest for methane in absolute terms compared to 2005 (215
MtCO,eq) and significant in percentage of 2005 levels (40%). F-gas emissions will reduce
substantially until 2030 (50%) thanks to strict rules on Air Conditioning and refrigeration (Figure
12).

From a sectoral perspective, most sectors of the economy, with notable exception of agriculture,
that are emitting non-CO, gases today are expected to significantly reduce their emissions,
especially by 2030. With demand for natural gas decreasing as well as coal mining activities
reducing, energy related non-CO, emissions continue to decrease.’”® Full implementation of EU
waste legislation would see emissions for waste continued to reduce. Similarly, F-gas emissions
are declining mainly as result of the new F-gas regulation, even though it could be
counterbalanced after 2030 by the further increase in cooling needs. In the agriculture sector
emissions are projected to remain stable in the absence of further mitigation incentives or
changes in amount and type of agriculture goods produced.

3.5 Land use and forestry

The land use and forestry sector keeps its role of net carbon sink in the Baseline (Figure 13).
However, the sink is projected to decrease from about 300 MtCO, in 2015 to 260 MtCO, in 2050
due to the ageing of the forest and an increasing mobilisation of forest biomass, mainly for

material use (industrial roundwood, sawnwood, wood panels, paper, paperboard)*.

Figure 13: Evolution of the emissions and removals from land use, land use change and
forestry
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128 Going beyond this effect, specific emissions mitigation measures will also be needed to further reduce
methane leakages in a decarbonised energy system. Indeed, due to the higher global warming potential
of methane, as little as 3% leakage along the natural gas supply chain can cancel out the greenhouse gas
emission benefits of natural gas vs. coal in power generation, see also IEA (2017), World Energy
Outlook, https://www.iea.org/we02017/

129 While it has not been investigated as a part of analytical work for this assessment, there is also a
possibility that climate change impacts (droughts, forest fires) would have some impacts on viability of
forests as carbon sinks.
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3.6 Total GHG emissions

Excluding the LULUCF sinks, the total GHG emissions in 2030 for the Baseline scenario is
estimated at -46% of 1990 level, reducing further by 62% in 2050. Including LULUCF sink™®,
net GHG emissions actually reduce by 48% by 2030 and by 64% by 2050 compared to 1990.

Reaching the 2030 renewables and energy efficiency target, both ETS and non-ETS targets are
overachieved in 2030 (respectively 49% and 36% GHG emissions compared to 2005, see Figure
14). The over-achievement in the ETS by 2030 would result in increased surpluses of allowances.
The Market Stability Reserve (MSR) has actually been designed to address such situations,
absorbing such surpluses above a threshold (set in the legislation at 833 million allowances).
Beyond 2030, scarcity will increase again due to the continued linear reduction factor. The
evolution of the carbon price will depend on many variables, including expectations about future
scarcity. In the Baseline, an ETS carbon price at EUR 28 per tonne of CO, (in 2013 prices) in
2030 contributes to the achievement of the Energy Efficiency and Renewable Energy targets.

After 2030, the Baseline assumes that, in the non-ETS sectors, there are no further drivers beyond
market forces (e.g. rising future fossil fuel prices, more competitive renewable sources) and the
continued impact of currently adopted policies such as CO, standards for vehicles or energy
performance standards for products and appliances and for new buildings as of 2021 to further
reduce energy and consequently emissions. Similarly a number of policies related to non-CO,
emissions continue to impact on post 2030 emissions such as waste and F-gas legislation.

Figure 14: Total GHG emissions and split ETS/non-ETS (MtCO.eq)

Total GHG Emissions ETS and non-ETS emissions

5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

-500
2010 2030 2050 2070 2010 2030 2050 2070

B LULUCF sink ® CO2 emissions M Non-CO2 emissions M ETS sectors M Non-ETS sectors

Note: non-ETS emissions do not include LULUCF emissions.
Source: PRIMES.

130 Net GHG emissions add to the GHG emissions the so called unaccounted LULUCF sink, as reported in
the EU's GHG inventory to the UNFCCC.
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4 SECTORAL AND ECONOMY WIDE LOW CARBON AND ENERGY
TRANSFORMATION PATHWAYS

4.1 Overview and scenario description

Section 4 looks at how sectors and the economy as a whole can decarbonise. Sections 4.2-4.5,
describe how technology and other options (notably lifestyle changes and consumer choices) can
transform the energy system and reduce greenhouse gas emissions. Sections 4.6-4.8 look at
sectors outside energy, as well as natural or technological options to remove and sequester CO,
from the atmosphere. Section 4.9 discusses the aggregate impact on emission levels at the
economy wide level, while section 4.10 gives economic elements associated to the transition.

All sections discuss in detail different technologies and options and their associated challenges
and opportunities based on a comprehensive literature review. They explore alternative views on
the mitigation options. Technologies considered can be found in the mainstream research and
innovation from academia or stakeholders, but do not include very innovative options with low
technological readiness. The analysis was complemented by modelling, mainly using the
PRIMES-GAINS-GLOBIOM model suite and by developing multiple and differentiated
scenarios. Particularly for industry, a second model was used — FORECAST — to complement
PRIMES.

It should be emphasised that long run uncertainties around the success of technologies are very
large. Baseline and decarbonisation scenarios are precisely that: scenarios. Technological
progress, consumer choices and regulation can lead to different results. While the modelling
exercise has been performed to the highest quality standards, one should interpret the modelling
results with caution and bear in mind that all models, independently of their complexity, are
stylized approximations of reality. A description of models used, scenarios, assumptions and
limitations of the modelling exercise can be found in Annex 7.2.

The PRIMES-GAINS-GLOBIOM model suite includes all sectors and GHG gases, covering not
only CO, emissions related to energy combustion, but also CO, process emissions (emissions due
to a chemical reaction), absorptions and emissions of CO, of the land use sectors (forestry and
agriculture mainly), non-CO, emissions of all sectors with largest sectors being the agriculture,
energy, waste and industrial sectors (including F-gas applications).

This modelling set up is especially useful to look in detail at the interactions between energy
sectors as well as the interactions of the energy system with other relevant sectors such as
industry, waste, agriculture and land use™. The assessment also looks at how the low carbon and
energy transformation impacts international aviation and maritime sectors, given that such
transformation impacts these two sectors just like any other energy consuming sectors. The
standard PRIMES-GAINS-GLOBIOM set-up includes international aviation and is as such
always included when referring to overall economy wide results in the section 4. International
maritime has not been fully included in the modelling set-up in this analysis. While the inland
navigation sector, covering inland waterways and national maritime, is an integral part of all
decarbonisation scenarios, the international shipping has been treated separately. In section 4.4 a
sector specific assessment is made of the international maritime sector and what it would take to
decarbonise the sector and/or the bunker fuels sold in the EU.

31 Electricity production from technologies deployed in seas and oceans is represented in the modelling,
but third generation biofuels from algae and food production from marine resources is not.
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This dedicated modelling exercise of the Commission, based on the revised state-of-the art
technology assumptions and robust modelling tools, allows to present an economy wide but yet
sectoral- and technology-specific overview of the impacts on greenhouse gas emissions, as
discussed in section 4.9, while focusing on specific options and pathways and accounting for
interdependencies among the sectors. Modelling results are also contrasted with a thorough
literature review. The associated macro-economic analysis (section 4.10) was elaborated using
three models: the GEM-E3, E3ME and QUEST models.

In general, this model-based quantitative analysis explores eight economy wide scenarios
achieving different levels of emissions reduction. The scenarios cover the potential range of
reductions needed in the EU to contribute to the Paris Agreement's temperature objectives of
between the well below 2°C, and to pursue efforts to achieve a 1.5°C temperature change. As
explained in section 1.1, this is translated into a reduction for the EU in 2050 (compared to 1990)
of between 80% (excluding LULUCF) and 100% (i.e. achieving net zero GHG emissions).

Various sectoral options are explored as possible pathways to reduce GHG emissions:
moderation of the demand (be it via energy efficiency™*, as a consequence of circular economy
or lifestyle changes), technological options to decarbonise energy supply (mainly by fuel-
switching to alternative zero carbon/carbon neutral carriers such as electricity from RES,
hydrogen, e-fuels), as well as the use of negative emissions. These scenarios are contrasted to the
Baseline projections presented in Section 3.

The scenarios project a gradual, yet significant, change from current situation. They all
incorporate a wide, albeit varying, portfolio of mitigation options. Considering the inertia of the
energy system and the economy as a whole, the resulting projections begin to differ towards 2050
and increasingly thereafter.

Three categories of scenarios are explored.

The first category addresses the well below 2°C ambition, aiming for GHG emissions reduction
levels in 2050 of around 80% compared to 1990*%. Five different scenarios are assessed in this
category, considering differentiated portfolios of decarbonisation options. All scenarios integrate
strong improvement in energy efficiency and developments of renewable energy, as well as
improvements in transport system efficiency, which goes well beyond the assumptions of the
Baseline scenario. On top of this, three of these scenarios are driven by decarbonised energy
carriers and examine the impacts of switching from the direct use of fossil fuels to zero/carbon-
neutral carbon carriers, namely electricity (ELEC), hydrogen (H2) and e-fuels (P2X), in order to
meet the prescribed level of ambition. The other two scenarios examine how stronger energy
efficiency measures (EE) or the transition to a more circular economy (CIRC) can deliver the
desired emissions reduction.

Although no restrictions are placed in any technology or fuel, each scenario is assumed to have
certain advantages in facilitating the uptake of some specific technological pathway. For instance,
the circular economy scenario (CIRC) assumes standardisation of recyclable material and
improved systems for waste collection, while the hydrogen scenario (H2) assumes timely
deployment of the necessary hydrogen infrastructure and distribution of hydrogen also via the gas
grid.

The second category consists of one scenario, which serves as a bridge between the other two
main scenario categories explored. It combines the actions and technologies of the five scenarios

32 with digitalisation being a strong enabling factor.
133 GHG reductions of 80% are reached excluding the LULUCF sector. Including the LULUCF carbon sink
in the analysis results in overall reductions increasing on average by 4 percentage points.
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of the first category into a sixth scenario (COMBO), without reaching though the level of
deployment of each technology as in the first category. All pathways are assumed to be available
and a GHG reductions can be achieved through all of them. This results in net GHG emissions
reduction (including LULUCF) in 2050 close to 90% compared to 1990. The scenario aims at
identifying how far we can go in emissions reduction combining technological solutions and
options assessed in the scenarios achieving 80% GHG emissions reduction, with small reliance
on negative emissions technologies and without changes to consumer preferences.

All scenarios of the first and this second category continue to undertake efforts to reduce
emissions after 2050, resulting in a decreasing trend in GHG emissions towards net zero GHG
emissions.

The third category of scenarios achieves even stronger emissions reduction, reaching net zero
GHG emissions by 2050 and thus pursuing efforts to achieve a 1.5°C temperature change. In this
scenario category, remaining emissions that cannot be abated by 2050 need to be balanced out
with negative emissions, including from the LULUCF sink. One scenario (L.5TECH) aims to
further increase the contribution of all the technology options, and relies more heavily on the
deployment of biomass associated with significant amounts of carbon capture and storage
(BECCS) in order to reach net zero emissions in 2050. The second scenario (1.5LIFE) relies less
on the technology options of 1.5TECH, but assumes a drive by EU business and consumption
patterns towards a more circular economy. Similarly, the increase in climate awareness of EU
citizens translates in lifestyle changes and consumer choices more beneficial for the climate.
These include a continuation of the trend by EU consumers towards less carbon intensive diets,
the sharing economy in transport, limiting growth in air transport demand and more rational use
of energy demand for heating and cooling. Both scenarios have additional incentives to enhance
the LULUCEF sink, but this incentive is much more stronger in the 1.5LIFE scenario.

A sensitivity analysis was included, presented in section 4.7.2, looking into the impacts on
biomass requirements. It builds on scenario 1.5LIFE, (i.e. with already a more circular economy,
changing consumer preferences and a high incentive to enhance the LULUCF sink), while also
putting a strong focus on technology options other than biomass based ones. This sensitivity tries
to capture how net zero GHG emissions could be achieved while limiting biomass demand
increases. This scenario is referred to as 1.5LIFE-LB. If not explicitly mentioned, all results
shown in section 4 refer to the standard 1.5LIFE scenario.

Table 1 provides a summary of the scenarios, illustrating their main characteristics. For more
detailed information related to the modelling set up, as well as the description and assumptions
related to the scenarios, see section 7.2.
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Table 1: Overview of main scenario building blocks

Long Term Strategy Options

. o
- Energy Circular - 1.5°C 1.5°C Sustainable
Electrification Hydrogen Power-to-X Efficiency Economy Combination Technical Lifestyles
(ELEC) (H2) (P2X) (EE) (CIRC) (COMBO) (1.5TECH) (1.5LIFE)
Hydrogen in E-fuels in Pursuing dee Increased Cost-efficient Based on Based on
. . Electrificationin industry, industry, g' . p resource and combination of . COMBO and
Main Drivers energy efficiency . . o COMBO with .
all sectors transport and transport and . material options from 2°C CIRC with
o o in all sectors L. . more BECCS, CCS .
buildings buildings efficiency scenarios lifestyle changes
GHG target -80% GHG (excluding sinks) -90% GHG (incl. -100% GHG (incl. sinks)
in 2050 [“well below 2°C” ambition] sinks) [“1.5°C” ambition]
* Higher energy efficiency post 2030 * Market coordination for infrastructure deployment
Major Common * Deployment of sustainable, advanced biofuels * BECCS present only post-2050 in 2°C scenarios

Assumptions

* Moderate circular economy measures
« Digitilisation

* Significantlearning by doing for low carbon technologies
* Significantimprovements in the efficiency of the transport system.

Power is nearly decarbonised by 2050. Strong penetration of RES facilitated by system optimization

Power sector (demand-side response, storage, interconnections, role of prosumers). Nuclear still plays a role in the power sector and CCS deployment faces limitations.
e Use of H2 in Use of e-gas in Reducing energy Higherrecycling CIRC+COMBO
Electrification of . rates, material
Industry targeted targeted demand via N L but stronger
processes licati licati £ Effici substitution, Combination of
applications applications nergy Efficiency . 1o measures N
fficient options
Increased Increased : €
Buildings SEElETET o Deploymen'? of Deployment f’f S Sust.alhable from “well below COMBO but CIRC+COMBO
R VTS H2 for heating e-gas for heating i ahepsid buildings 2°C” scenarios stronger but stronger
with targeted
I.:E!Ster H2 deployment E-fuels - applicarion * CIRC+COMBO
electrification for Increased Mobility as a (excluding CIRC) but stronger
Transport sector for HDVs and deployment for . . .
all transport modal shift service * Alternatives to
some for LDVs all modes .
modes air travel
. . Limited * Dietary changes
Other Drivers . H.Z |n.gas . .E-gas |.n gas. enhancement * Enhancement
distribution grid distribution grid . ;
natural sink natural sink
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4.2 Energy supply

4.2.1 Energy supply options

The energy system is responsible for close to 80% of total GHG emissions in the EU***. The bulk
of these emissions are due to fossil fuels combustion, which represented 75% of the total GHG
emissions in 2015. This share increase to 77% adding fuel combustion emissions from
international bunkers.

Reducing GHG emissions from the energy system is therefore a necessary condition for the EU
to achieve the Paris commitments. As demonstrated in sections 2 and 3, transformation of the
energy system is already under way and it is bringing positive effects in terms of decoupling
economic growth from the energy consumption and GHG emissions.

Technology options for further decarbonising the energy sector are, to a large extent, available on
the market. Without the need of breakthrough technologies, further reduction of emissions from
combustion can be achieved either by replacing fossil fuels with carbon-free energy sources or by
capturing their emissions by carbon capture and storage or utilisation (CCS and CCU)

technologies™®.

4.2.1.1 Key carbon-free energy sources
The current carbon-free energy sources are renewables and nuclear (based on nuclear fission).

Renewable sources known today, either in the form of electricity, heat or fuel are: wind, solar
(solar thermal and solar photovoltaic), geothermal energy, tide, wave and other ocean energy,
hydropower, biomass, landfill gas, sewage treatment plant gas and biogases. There is a strong
consensus in research that renewables will play a key role in decarbonisation pathways and when
asked to rank the importance of energy technologies in the clean energy transition, stakeholders
in the public consultation indicated that renewable energy was the most important technology
(see section 7.1).

The largest primary source of renewable energy is solar energy**®, which can be used for both
power generation and heating'®’. Solar electricity generation capacity has grown considerably
recently, from almost no installations in 2000 to almost 100 GW in 2016, being responsible for
3.4% of the EU electricity production (estimates of 3.7% in 2017%). In terms of system
integration, the EU is already leading globally with Greece and Italy being the only two large
electricity-consuming countries where solar PV reached or exceeded 7% of annual electricity
production®. Solar photovoltaics is one of the technologies that has seen the greatest
developments since 2011, with cost reduced by around 70% at global level. Now a cost-
competitive source of electricity, it is experiencing widespread deployment in buildings,
infrastructure, consumer products, and more recently vehicles. Solar photovoltaics can be used to
produce electricity locally, and the EU is leading globally for the deployment of solar panels with

34 The energy sector represents close to 80% of total GHG emissions when including emissions from
international maritime and aviation (and more than 75% of total GHG emissions when excluding
emissions from international maritime and aviation).

35 The capture and injection of CO, is being used in enhanced oil recovery-related activities, but has
hardly been deployed in the power sector.

136 See for instance: Moriarty, P., Honnery, D. (2012). What is the global potential for renewable energy?
Renewable and Sustainable Energy Reviews. Volume 16, Issue 1, January 2012, Pages 244-252
https://doi.org/10.1016/j.rser.2011.07.151

37 JRC (2018), Potential of solar energy in Europe
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the highest share of solar rooftop per capita. New developments in both production and
operational processes are increasing efficiencies, product lifetime and capacity factors (e.g.
thanks to solar tracking panels). Concentrated solar power is another solar energy source in
which the EU is a global technology leader, and which has the potential to produce both heat as
well as dispatchable power™®. Europe is also the second largest market for solar heating, and it is
a global leader in the deployment of solar heating for district heating and cooling systems.

Wind power produced around 11.5% of electricity in 2017 and accounted for around 55% of
newly installed capacity*®® *° In terms of installed capacity, wind power is now the second
largest, quickly closing in on gas'*!. Continuous innovation in the wind sector has led to higher
capacity factors'*? (meaning also that turbines can work with lower wind speeds) and reduced
production cost. The EU is a global leader in the integration of wind power with Denmark,
Portugal and Ireland reaching in 2016 wind power penetration levels of respectively 44%, 21%
and 20%', followed by another ten EU Member States. Offshore wind is an almost exclusive
European development, which has rapidly developed into a competitive renewable energy source
with a record of 3.1 GW installed in 2017. However, competition from abroad is increasing and
EU manufacturers will have to reinforce their competitiveness in the coming years to keep their
leadership. The resource potential for wind energy in Europe is very high. According to
WindEurope, offshore wind could meet the EU's electricity demand™** while on-shore wind could
meet almost twice as much**. However, the actual long-term deployment of wind, and the
possibility to access the full theoretical resource, will be highly dependent on competing land or
sea-bed uses, including with agriculture, forestry and fishing, biodiversity conservation, tourism,
transport activity or military uses. In addition, in order for offshore wind to operate in deeper
waters, such as the Iberian coast and the Mediterranean, turbines will need to be floating rather
than fixed to the ocean floor. Solid progress is being been made in this respect'* and there is a
pipeline of projects that will lead to the installation of 350 MW of floating capacity in European
waters by 2021. This will need to accelerate afterwards.

Globally, electricity produced from solar and wind energy has shown the highest growth rates of
all generation technologies over the past years. However, both solar photovoltaics and wind
power remain variable sources that can only produce when solar or wind resources are available.

Biomass accounts for more than half of all renewable generation and it has recently seen
significant growth. Moreover, the technology solutions are being developed to expand its use in
power generation, buildings and industrial heating as well as transport. Biomass-fired power

138 A global outlook for solar thermal electricity suggests that deployment levels in the EU could range
between 5 and 35 GW by 2030. SolarPaces, Greenpeace, ESTELA (2017). Solar thermal electricity.
Global outlook 2016.

39 WindEurope (2018), Wind in power 2017.

10 EUROSTAT (2018), Gross electricity production from all fuel sources (GWh).

1 1n 2017, solar PV and wind accounted for 76% of all new capacity additions in Europe (with only 9% of
other renewables added).

142 See for instance the DOE Wind Technologies Market report 2017: in the USA “average 2017 capacity
factor among projects built from 2014 through 2016 was 42%, compared to an average of 31.5% (..)
from 2004 to 2011 and 23.5% (..) from 1998 to 2001~
https://emp.Ibl.gov/sites/default/files/2017_wind_technologies_market report.pdf

143 European Commission (2018). Energy statistical datasheets.
https://ec.europa.eu/energy/en/news/get-latest-energy-data-all-eu-countries

144 Between 2600 TWh and 6000 TWh under 65 EUR/MWh according to WindEurope (2017).

1% JRC (2018), Wind potentials for EU and neighbouring countries,

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC109698/kjna29083enn_1.pdf

the Portuguese Windfloat has been operated for five years, the new Hywind farm has been installed off

Scotland and a French industrial partnership will launch the Floatgen turbine in the Atlantic.

146

58


https://emp.lbl.gov/sites/default/files/2017_wind_technologies_market_report.pdf
https://ec.europa.eu/energy/en/news/get-latest-energy-data-all-eu-countries
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC109698/kjna29083enn_1.pdf

plants are fully dispatchable and account for around 6% of EU electricity production in 2017

Biomass is also the major renewable source for heating, accounting for 24% of all commercial
heating production in the EU in 2017'*, and biofuels accounted for 3.8% of transport fuels in
2016. There were also more than 17000 biogas installations and around 450 biomethane
installations in the EU in 2015, accounting for more than 8 GW of electricity production. In
combination with CCS, energy from biomass can also produce negative emissions (see sections
4.2.1.2 and 4.8). Accounted as carbon-neutral, the use of biomass in the energy sector is expected
to increase significantly in decarbonisation scenarios at global level**® *°. However, it also raises
guestions about availability and trade-offs with air pollution impacts and conflicting land uses,
with potential impacts on food security, biodiversity and its availability as material, as it is
increasingly identified as attractive feedstock for the bio-based sector (see section 4.7.1.3).

Hydropower is the oldest form of renewable electricity production in the EU, accounting for
around 10% of current electricity production. Hydropower stations can also be used to store
electricity in times of oversupply by using the excess electricity to pump water into their
reservoirs. Due to geographical conditions, its growth potential in Europe is limited, apart from
small hydropower™® >, Yet, new improvements in turbine efficiency and re-powering could still
contribute to additional electricity production. Its long-term reliability will depend on the
evolution of climate conditions.

Geothermal energy for both electricity and heat production is currently a marginal option in EU's
energy mix accounting for 0.2% of electricity production and 0.4% of commercial heat
production152. There are a number of ongoing demonstration projects in the EU either to use low-
temperature heat in advanced district heating networks or to use ultra-deep geothermal drilling
for power generation. Estimates of its future potential are currently highly uncertain (although
possibly very high*®® **%) and technical challenges and costs can limit its attractiveness. Although
potentially contributing to a decarbonised energy system in the long run, this technology is not
expected to experience a large scale deployment in the coming decades.

With 71% of the globe surface and regular tides and currents, oceans constitute a possible future

energy resource, notably for the EU, which possesses the largest Exclusive Economic Zone'™.

Y“TEUROSTAT (2018). Gross electricity production from all fuel sources, GWh

8 IpCC (2018), Special Report on Global Warming of 1.5°C http://www.ipcc.ch/report/sr15/
The report sees the global contribution of biomass to primary energy increasing by 2050 in most 1.5°C
scenarios compared to 2010 (interquartile range for low or no overshoot scenarios is +123% to +261%).

9 From 50 EJ/year today to 75-280 EJ/year in 2050 and more beyond, depending on the scenario and the
model, in: Bauer, N., Rose, S.K., Fujimori, S. et al. Climatic Change(2018). Global energy sector
emission reductions and bioenergy use: overview of the bioenergy demand phase of the EMF-33 model
comparison. https://doi.org/10.1007/s10584-018-2226-y

130 K. Bédis, F. Monforti, S. Szab6 (2014), Could Europe have more mini hydro sites? A suitability
analysis based on continentally harmonized geographical and hydrological data, Renewable and
Sustainable Energy Reviews, Volume 37.

131 Stream Map (2012), Small Hydropower Roadmap, Condensed research data for EU-27,
http://www.5toi.eu/wp-content/uploads/2016/11/HYDROPOWER-Roadmap FINAL_Public.pdf

152 EUROSTAT (2018). Gross electricity production from all fuel sources, GWh.

153 WEC (2016), World Energy Resources 2016, https://www.worldenergy.org/wp-
content/uploads/2017/03/WEResources_Geothermal 2016.pdf. This report sees a potential of between
10 to 100 current capacity worldwide, equivalent to a production between 750 to 7500 TWh.

154 GEOLELEC (2013), A prospective study on the geothermal potential in the EU,

http://www.geoelec.eu/wp-content/uploads/2011/09/D-2.5-GEOEL EC-prospective-study.pdf. This

study identifies a potential of 4000 TWh for Europe alone, with an economic potential in 2050 of 2600

TWh.
https://ec.europa.eu/maritimeaffairs/sites/maritimeaffairs/files/docs/body/eu-and-international-ocean-

governance_en.pdf
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Wave energy, tidal stream, tidal range, ocean thermal conversion or salinity gradient devices
could generate important quantities of electricity’® and some of these technologies are on the
cusp of commercial deployment. Furthermore, EU's outermost regions could use seawater air
conditioning for cooling purposes. The EU is a global technology leader in ocean energy
technologies. Gearing up these will require overcoming a number of barriers, in terms of costs
decrease but also, like for offshore wind, anticipating potential conflicting uses of sea, seabed and
coastal areas. The Roadmap produced by the EU’s Ocean Energy Forum, which gathered
industry, regulators and researchers, defined four actions to Kick-start this activity from
demonstration to production: (1) EU scheme for validation of sub systems and prototypes, (2)
EUR 250 million Investment Support Fund, (3) EUR 50-70 million insurance and guarantee
fund, and (4) integrated programme of measures to de-risk planning measures.

Nuclear energy (based on nuclear fission) is a well-established large-scale zero-carbon
technology in power generation. Despite high construction costs (also linked to strict safety
regulations), public acceptance issues in some Member States (demonstrated also in the results of
the public consultation) and increasing competitiveness of other energy sources, the share of
nuclear in the power production is 26% in the EU. It is expected to play a role at global level in
mitigation scenarios. For instance IAEA (2018)"" sees a possible doubling of global nuclear
capacities by 2050, and IPCC (2018) **® sees similar increases in capacity in 2050 in 1.5°C
scenarios compared to 2010, albeit growing less fast than other zero carbon renewable energy
sources. Being used traditionally as baseload, the economics of this option could be affected in a
context of increasing role of renewables™. In some countries, nuclear power plants are operated
in a more flexible way for instance through load following and frequency control*®° 1 162,

Nuclear can play a role in reducing the dependence on fossil fuel energy imports in Europe.
Although most nuclear fuel is imported from outside the EU, the supply is well-diversified, and
fuel can be stockpiled in reserves worth 2-3 years of consumption, minimising the impact of any
short-term disruptions. Although nuclear power could contribute in those Member States that opt

156 JRC (2016), Ocean Energy Status Report 2016,

https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/jrc-ocean-energy-

status-report-2016-edition.

Apart from the mature tidal range technology, ocean energy concepts are still in the demonstration

phase. Currently announced projects sum up to about 1 GW for the early 2020s.

IAEA (2018), Climate change and nuclear power,

https://www-pub.iaea.org/books/IAEABooks/13395/Climate-Change-and-Nuclear-Power-2018.

158 |pCC (2018), Special Report on Global Warming of 1.5°C http://www.ipcc.ch/report/sr15/
Interquartile range (for low or no overshoot scenarios) is +91% to +190% in 2050 compared to 2010.

9 NEA, OECD (2012), Nuclear energy and Renewables - System Effects in Low-carbon Electricity

Systems, https://www.oecd-nea.org/ndd/pubs/2012/7056-system-effects.pdf.

IAEA (2018), Non-baseload Operations in Nuclear Power Plants: Load Following and Frequency

Control Flexible Operations,

https://www-pub.iaea.org/books/iaeabooks/11104/Non-baseload-Operation-in-Nuclear-Power-Plants-

Load-Following-and-Frequency-Control-Modes-of-Flexible-Operation

181 In addition, flexibility in electricity generation from nuclear can be enhanced by the development of
small modular reactors (SMRs). Small Modular Reactors (SMRs) are defined as reactors with an
electrical output lower than 300 MWe. SMRs have been first considered by the nuclear industry for
commercial deployments with the aim to ensure the supply of energy to communities with little access
to other sources or to address the difficulties of financing a large nuclear power plant. Nevertheless, in
recent years, with large new nuclear projects advancing slowly, an increased presence of variable
sources in the energy mix and the progressive decentralization of the grid, opportunities in smaller scale
nuclear power reactors have become again under analysis. In SMRs design, attention is paid in
particular to the capacity of the reactor to rapidly respond to the changes in the required power output.

182 ET| Energy (2018), Pathways to 2050: role of nuclear in a low-carbon Europe,
https://www.foratom.org/2018-11-22 FTI-CLEnergy Pathways2050.pdf
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for it, to an efficient decarbonisation of the power system, nuclear investments currently remain a
challenge in the EU, due to the important up-front costs on the one hand and less certain
electricity market prices on the other hand*®® *,

4.2.1.2 Carbon capture and sequestration/utilisation

Another option that could play a role on the path towards decarbonisation and the one that could
maintain participation of fossil fuels in the energy mix is carbon capture and sequestration/use
(CCS and CCU)*** % CCS and CCU are technically feasible for most large point sources (power
and CO,- intensive industry). So far, some 37 large scale CCS projects (mostly related to oil and
gas recovery activities)*® and a number of commercial pilot CCU projects*®® are on-going around
the world in varying stages of development, while several planned projects have been abandoned
due to uncertain economic performance. Uncertainties on the long-term behaviour of carbon
storage as well as public acceptance issues (demonstrated also in the results of the public
consultation) have also hindered a proper uptake of this technology in the EU, with some
Member States having effectively banned it on their territory. Finally, capture rate above 90%
appears difficult and very costly to achieve®®, meaning CCS used with fossil fuels currently does
not achieve full decarbonisation.

Until recently, CCS efforts were mainly targeted at the power sector, but lately its role in
reducing emissions also in industry has also been recognised. It has the advantage that it can be
easily integrated into existing energy systems, significantly reducing GHG emissions, which is
the reason it is often referred to as a bridging technology. Moreover, in many decarbonisation
scenarios it continues to play an important role in the long term, where a share of fossil fuels
remains in the energy mix for decades to come. This is due, to a large extent, to the role of
natural gas as a transition fuel and the use of gas and oil used in power plants balancing the
electricity sector or used as feedstock in some industrial processes. The valorisation of captured
CO, as raw material for carbon-based products/feedstocks or even e-fuels could also contribute to
a cost-effective transition in the industrial sector.

Importantly, while these technologies currently lack of incentives for large-scale
implementation'”®, CCS and CCU lie in the critical path for scenarios where negative emissions

193 MIT (2018), The Future of Nuclear Energy in a Carbon-Constrained World, an interdisciplinary study,
http://energy.mit.edu/wp-content/uploads/2018/09/The-Future-of-Nuclear-Energy-in-a-Carbon-
Constrained-World.pdf.

164 OECD NEA (2018), The Full Costs of Electricity Production,
https://www.oecd-nea.org/ndd/pubs/2018/7298-full-costs-2018.pdf.

165 Bui et al, (2018), Carbon Capture and Storage (CCS): the way forward, Energy & Environmental
Science, This article provides a detailed overview of the role of CCS in meeting climate change targets.

166 ZEP (2017), Future CCS technologies,
http://www.zeroemissionsplatform.eu/news/news/1665-zep-publishes-future-ccs-technologies-
report.html

187 Global CCS Institute (2018), Projects Database,
https://www.globalccsinstitute.com/projects/large-scale-ccs-projects

168 SCOT project (2016), Database of CO, utilisation projects,
http://database.scotproject.org/projects.

189 Global CCS Institute (2018), CO, capture at gas fired power plants,
https://hub.globalccsinstitute.com/publications/CO,-capture-gas-fired-power-plants/

170 See also IPCC Special Report on Global Warming of 1.5°C, section 2.4.2.3.

61


http://energy.mit.edu/wp-content/uploads/2018/09/The-Future-of-Nuclear-Energy-in-a-Carbon-Constrained-World.pdf
http://energy.mit.edu/wp-content/uploads/2018/09/The-Future-of-Nuclear-Energy-in-a-Carbon-Constrained-World.pdf
https://www.oecd-nea.org/ndd/pubs/2018/7298-full-costs-2018.pdf
http://www.zeroemissionsplatform.eu/news/news/1665-zep-publishes-future-ccs-technologies-report.html
http://www.zeroemissionsplatform.eu/news/news/1665-zep-publishes-future-ccs-technologies-report.html
https://www.globalccsinstitute.com/projects/large-scale-ccs-projects
http://database.scotproject.org/projects

would be needed. Section 4.8 discusses further negative emissions and the possible role of
biomass associated with CCS (BECCS)"".

Nevertheless these technologies face a number of challenges, especially related to costs, but also
markets, standards and established practices. In particular for CCU, the findings of various
studies'’® *® so far confirm the complexity of the subject and the uncertainty relative to the
associated climate mitigation potential, since it encompasses a large variety of applications and
situations.

4.2.1.3 Electricity and heat

Deployment of carbon-free energy sources in power generation makes electricity a carbon-free
energy carrier. As it is a versatile carrier usable for most of the final energy uses, many scenarios
see increasing electrification of final energy demand in all sectors: industry, transport and
buildings.

The anticipated electrification and the more decentralised deployment of renewable power
generation will require reinforced and smarter electricity networks to make the best of the

renewable resources allocation over the European territory*’.

Transporting electricity produced by increasingly dispersed sources calls also for the organisation
of consumption and storage in a more decentralised way. Some long-term scenarios suggest that
about 83% of all EU households could be actively supporting the deployment of renewables,
either by producing energy themselves or by providing the flexibility services'” thus requiring
decentralised network. At the same time, important segments on both energy production (e.g.
offshore wind farms which can reach capacities comparable to conventional sources) and the
consumption side (e.g. energy intensive industries) are likely to remain centralised, which
indicates that future electricity network will have to accommodate both centralised and
decentralised elements.

Not only density of the network but also increased interconnection capacities will be needed if
electricity networks are to match growing renewable energy supply and electricity demand over
ever larger geographical distances. High Voltage Direct Current (HVDC), which generates less
transport losses, could play an increasing role in the connection of offshore wind farms and help
establishing a pan-European electricity ‘super-grid™*".

Integration of variable wind and solar energy requires flexibility of the rest of the system. This
includes fast reacting generation sources on the supply side, storage or demand response. EU
experience has shown that market mechanisms provide liquidity and flexibility necessary on the

1 Negative emissions could be obtained by using bioenergy with CCS ("BECCS"): see Luderer et al.
(2018), Residual fossil CO, emissions in 1.5-2 °C pathways, Nature Climate Change, Volume 8, pages
626-633 (2018), https://doi.org/10.1038/s41558-018-0198-6

172 Group of Scientific Advisers (2018), Novel Carbon Capture and Utilisation Technologies,
https://ec.europa.eu/research/sam/index.cfm?pg=ccu.

13 Ramboll (2018), Identification and analysis of promising carbon capture and utilisation technologies,
including their regulatory aspects, forthcoming,
https://ec.europa.eu/clima/events/stakeholder-event-carbon-capture-and-utilisation-technologies-
technological-status_en

7% coM(2017) 718

17> CE Delft (2016), The potential of energy citizens in the European Union,
https://www.cedelft.eu/publicatie/the potential of energy citizens_in_the european_union/1845.

7% Friends of the Supergrid (2016), Roadmap to the Supergrid Technologies — Update Report,
https://www.friendsofthesupergrid.eu/wp-content/uploads/2013/07/Supergrid-Technological-Roadmap-
2016-FINALI1.pdf
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power market, and that market-based instruments, such as auctioning, bring down costs for
renewables generation significantly. The ongoing digitalisation of the energy grids can help

activating decentralised flexibility resources'’”.

Electricity and thermal storage solutions are developing fast both in laboratories but also on the
market. Different technological solutions compete for storing electricity over timeframes between
fractions of seconds and seasons (Figure 15).

Figure 15: Overview of different electricity storage technologies
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Source: European Commission (2017), Energy storage — the role of electricity*"®.

The most noticeable recent evolution is the rapid improvements of batteries, in particular of
lithium-ion type'”® *®. A range of alternatives are being developed, including Power-to-Heat
stored in in aquifers'®, Power-to-Hydrogen that can be stored in dedicated reservoirs and
retransformed into electricity or used directly as a fuel, Power-to-Gas and Power-to-Liquid
technologies'® or even Power-to-Ammonia™®® that can be stored and used as a fuel in power
plants or in maritime applications (see section 4.4).

Distributed Heat is another energy carrier that today accounts for 4% of final energy
consumption. It is today mostly delivered by large CHP plants, mostly for district heating and is
largely based on fossil fuels. It represents only around 10% of final energy consumption for

7 SWD(2017) 425 and 3™ PCI list, smart grid projects.

178 SWD(2017) 61 final

1 Li-ion batteries have become a key option for electrifying transport and are also increasingly as
stationary electricity storage. They can be found both behind the meter, storing PV electricity for up to
several hours, as well as in the form of larger centralised units providing frequency control.

180 JRC (2018 upcoming), Li-ion batteries for mobile and stationary storage applications - Scenario
assessment on growth and costs.

181 |juhua Gao et al. (2017), A review on system performance studies of aquifer thermal energy storage,
Energy Procedia, Volume 142, https://doi.org/10.1016/j.eqypro.2017.12.242 .

182 SWD (2017) 61. This Commission Staff Working Document discusses the different storage options at
greater length.

183 Institute for Sustainable Process Technology (2017), Power to Ammonia, Feasibility study for the value
chains and business cases to produce CO,-free ammonia suitable for various market applications,
http://www.ispt.eu/media/ISPT-P2A-Final-Report.pdf
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heating™®*, while 90% of heating is from self-production and is not directly accounted for in
energy statistics. Whilst absolute heat production levels have been relatively stable since 2000,
the share of renewables in the heating sector has increased from 11% in 2005 to 15% in 2010 and
to 19% in 2015. Studies estimate that there is the potential to expand district heating and cooling

to supply 50% of the heat demand®, including 25-30% using large-scale electric heat pumpsl%.

4.2.1.4 New energy carriers

In addition to electricity, new carriers are being considered in energy and industrial applications
where it is difficult to replace fossil fuels, in particular because of the chemical and physical
properties sought. Hydrogen (H,) and its carbon derivatives obtained by reaction with CO, like e-
gas (e-CH,) and e-liquids are considered as possible options for decarbonisation of transport,
buildings or industry. These new carriers, to be themselves considered as carbon-free, will have
to rely in particular on availability of carbon-free electricity. The results of public consultation
indicate that these new fuels are recognised by citizens as technologies that could play a role in
the clean energy transition.

Hydrogen can gradually take the role of an energy vector beyond its potential role as a chemical
storage of electricity. It could replace natural gas as an energy fuel per se (albeit often with
energy efficiency losses) for heating purposes or in transport (used with fuel cells) and as
feedstock for industrial applications (e.g. steel industry, refineries, fertilisers). Hydrogen is
already a common input to some industry processes (notably in chemicals) but currently
produced via steam reforming using fossil fuels as input (mostly natural gas) and thus leading to
CO, emissions. In the decarbonised future, hydrogen obtained from electrolysis using
decarbonised electricity is the preferable option, including “green” hydrogen obtained from
renewables. “Blue” hydrogen obtained from steam reforming of natural gas coupled with CCS
may also play a role, provided the inherent constraints of CCS are lifted. In particular, in a power
system largely based on variable renewable sources, hydrogen could be produced at times of low
electricity demand providing additional flexibility. If needed in large quantities, hydrogen could
also be produced by nuclear electricity or even might be imported from regions with potentially
low cost renewable energy production™®’ %,

Hydrogen can be blended with natural gas so as to make use of the existing gas transport
infrastructure up to 15% (or 20% in the future) by volume®®. An upgrade of this infrastructure
network would be needed to accommodate higher levels of hydrogen, even more so for pure

184 Heat is estimated to represent 50% of the EU final energy consumption.

185 paardekooper et al. (2018), Heat Roadmap Europe 4: Quantifying the Impact of Low-Carbon Heating
and Cooling Roadmaps,
http://vbn.aau.dk/files/288075507/Heat_Roadmap_Europe_ 4 Quantifying_the Impact of Low_Carbo
n_Heating_and_Cooling_Roadmaps..pdf

18 David et al. (2018). Heat Roadmap Europe: Large-Scale Electric Heat Pumps in District Heating
Systems, https://doi.org/10.3390/en10040578

87 BCG & Prognos (2018), Climate paths for Germany,
https://www.bcg.com/en-be/publications/2018/climate-paths-for-germany-english.aspx
https://bdi.eu/publikation/news/klimapfade-fuer-deutschland/ (full study in German)

188 prognos (2018), Status und Perspektiven flissiger Energietrager in der Energiewende
https://www.mwv.de/wp-content/uploads/2018/06/Prognos-
Endbericht_Fluessige_Energietraeger_Web-final.pdf

189 See the FP6 EC research project NaturalHy: https://cordis.europa.eu/project/rcn/73964_en.html
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hydrogen where a renewed network is likely to be needed® ***. Hydrogen can also be stored at
large scale, e.g. in salt caverns and other facilities.

Hydrogen could also be converted to synthetic hydrocarbons by reacting, using electricity, with
CO,. The emissions of such "e-fuels" will depend on the source of electricity and, to be fully
accounted as carbon neutral, the source of CO, will have to come from biomass or Direct Air
Capture (DAC)™? or biomass.

E-fuels have the advantage that, once produced, these are exactly the same molecule as natural
gas or oil, and can be distributed via existing transmission/distribution system and used by
existing installations/applications.

Finally, another option being explored is the processing of hydrogen to ammonia, which is a
versatile product, easier to transport and to store, that could be used in industry or as energy
storage and energy carrier (e.g. possibly in transport)®

However, these technologies are not ready for large-scale deployment yet, and are still

characterised by low efficiency and high current production cost estimates***.

4.2.1.5 Sector coupling

Sector coupling refers to linking the energy (electricity, gas and heat), transport and industrial
infrastructures with a view to increase the penetration of renewable energy sources and
decarbonise the economy. Energy storage and sectoral integration would have the potential to
make the energy transition faster and more cost-effective. Common to all analyses is the finding
that many of the energy technologies, infrastructures and sectoral systems can further optimise
their contribution to decarbonisation when coupled/integrated, allowing the best possible use of
the available resources, the avoidance of stranded assets, and the best information base for
decisions on investments. Integration impacts the energy system at several levels: physical and
communications (i.e. technologies, infrastructures), functions and services (e.g. for business, for
consumers), market (regulation, transactions). Coupling also means that action in one sector is
heavily dependent on other sector(s). For instance, decarbonisation of heating via electrification
will not happen unless power generation decarbonises.

This integration will build on the interdependency of energy transformation sectors (power,
heating, production of new fuels) with industry, mobility, buildings sector, and other energy-
using activities. Several possibilities for sector coupling have been already identified — see Figure
16.

190 5ee NREL report (2013) "Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key
Issues" https://www.energy.gov/sites/prod/files/2014/03/f11/blending_h2 nat gas pipeline.pdf

191 Another possibility for a "decentralised" distribution system of hydrogen is the use of trucks - More
precisely hydrogen tube trailers, which transports compressed hydrogen (180-250 bar) in steel tubes.
Each trailer can transport about 280-720 kg of hydrogen.

192 |f the CO, comes from a fossil source (for instance captured from a gas or coal-fired power plant), then
the burning of the e-fuel will result in CO, emissions, even though the overall carbon footprint of the
energy chain is decreased (the same unit of CO, would be associated to the production of electricity and
the e-fuel, for instance).

193 Science (2018), Ammonia—a renewable fuel made from sun, air, and water—could power the globe
without carbon, DOI:10.1126/science.aau7489

194 Close to 2500 EURI/t for e-methane to well above 3000 EUR/t for e-petrol, i.e. more than 5 times the
fossil fuel alternatives, see also:
https://www.transportenvironment.org/sites/te/files/publications/2017_11_Cerulogy study What role
electrofuels_final_0.pdf
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Figure 16: Integration of energy vectors
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Beyond the energy sector, the economic system will also increasingly rely on the further
integration with natural resources used, industry and agriculture. Digitalisation and a smart
regulatory framework will be key enablers allowing a system-level management. The energy
sector coupling will in particular help the integration of larger contributions of variable
renewables whose energy, after transformation, can be stored and distributed in new fuels.

Additional argument for sector coupling using e-fuels is that most of today’s energy network
infrastructures (electricity, gas, heating and cooling, liquid fuels) will still be operational in 2050.
There is clearly a rationale of making use, during the transition, of the large existing gas (and oil)
infrastructure that is able to carry and store substantial amounts of energy, including by
potentially upgrading it for the use of biogas or hydrogen. In the longer run, there may be trade-
offs between, on the one hand, managing simultaneously multiple networks and, on the other
hand, operating only one extended power grid*®.

4.2.1.6 Role of energy efficiency

Although technological development of supply-side carbon-free options will be a key and direct
contributor to the decarbonisation of the energy system, it must act in synergy with the evolution
of energy demand.

First of all, the actual capacity for deployment of supply-side options will be influenced by the
absolute quantity of future final energy demand. On the one hand, low level of demand might
hinder technologies at lower technology readiness levels to reach the scale required to reduce
costs. On the other hand, in trying to supply a high level of demand, supply-side options might
reach their maximum economic potential, be it related to raw resources (land or new materials for
instance) or to system management (power grid stability for instance). Most likely the
decarbonised energy carriers will have high costs (notably e-fuels) and thus reducing demand for
them has direct economic benefits.

195 SWD(2017) 61 final. Energy storage - the role of electricity.
% PAYRY (2018), Fully decarbonising Europe’s energy system by 2050,
http://www.poyry.com/news/articles/fully-decarbonising-europes-energy-system-2050
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Secondly, reducing final energy demand and improving overall energy system efficiency (that
will translate into reducing of primary energy demand) is often a cost-effective measure for GHG
emissions reduction, able to deliver further socio-economic and environmental goals, using
available and accepted technologies with a significant potential across different sectors of the
economy.

That is why in the context of clean energy transition, "energy efficiency first" is a central
principle applied to policymaking, planning and investment in the energy sector. It requires
considering the potential value of investing in energy efficiency in all decisions about energy
system development, not only on the supply side but also in homes, offices, industry or mobility.
The principle aims to treat energy efficiency as the “first fuel” —a source of energy in its own
right, in which governments can invest ahead of other more complex or costly energy sources,
following the "save before you build"®" logic. Applying this principle will help improving
Europe’s ability to create a less costly, jobs-rich, low-carbon energy system.

For these reasons, introducing energy efficiency improvements whenever they are more cost-
effective is therefore a "non-regret" or "first" option. This question is investigated further in the
sections dedicated to developments in final energy sectors (sections 4.3, 4.4 and 4.5).

4.2.2 Energy supply results

The section 4.2.1 above presents a comprehensive overview of the energy supply options for the
clean energy transition**®. In order to showcase the respective roles and potentials of options as
well as their interplay, a quantitative analysis using energy system modelling was performed by
the Commission. The modelling results are presented below and contrasted with a literature
review.

4.2.2.1 Primary energy consumption and energy mix

Before analysing the roles of respective energy sources, it is important to note that the "energy
efficiency first” principle is present in all scenarios and drives down final energy consumption
(see section 4.2.2.2), which, in turn, will decrease primary energy consumption. In fact, already
with the policies assumed in the Baseline, primary energy consumption*®® is substantially reduced
(35% in 2050 compared to 2005 - building on 26% reduction in 2030 reflecting the 2030 target).

In addition to final energy consumption, the evolution of primary energy mix will also have an
impact on overall primary energy consumption due to uptake of renewables in power generation
(wind and solar) and moving away from fossil fuels. Also (in some scenarios), the uptake of
carbon neutral e-fuels (e-gas and e-liquids) and hydrogen whose production is energy (electricity)
intensive will have an important impact on primary energy consumption.

The EE and CIRC scenarios achieve the highest reductions in primary energy consumption in
2050 (compared to 2005): 50% and 45%, respectively), driven by efficiency developments on the
final energy consumption across all sectors and circular economy impacts on energy consumption
in transport and industry respectively. On the other end, the P2X scenario (achieving only 22%)

97 European Climate Foundation (2016), Efficiency First: A New Paradigm For The European Energy
System Driving Competitiveness, Energy Security And Decarbonisation Through Increased Energy
Productivity. https://www.raponline.org/wp-content/uploads/2016/07/ecf-efficiency-first-new-
paradigm-eruopean-energy-system-june-2016.pdf.

198 Without yet being fully exhaustive as some longer-term options have not been discussed (see for
instance fusion energy discussed in section 5.4.1)

199 Gross Inland consumption excluding non-energy consumption.
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makes an intensive use of e-fuels, which require large amounts of electricity to be produced. The
other scenarios, including those with higher GHG reductions achieve reductions in-between (32%
to 42%), i.e. close to the Baseline situation, see Figure 17. In case of 1.5°C scenarios this is the
effect of combining deep savings in the final energy consumption with increased electricity needs
for production of e-fuels and hydrogen.

These results indicate well the trade-off between efficiency loss and versatility of decarbonised e-
fuels that could potentially replace seamlessly the fossil fuels as well as the likely dilemma of
creating the right scale of e-fuels/hydrogen consumption: too small uptake would hamper
technology learning, while large deployment would entail substantial additional needs on the
supply side.

Figure 17: Changes in primary energy consumption in 2050 (% change)
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The projected energy mix (Gross Inland Consumption, see Figure 18:) clearly shows the
deployment of a new energy system based primarily on renewables, moving away from fossil
fuels. Those fossil fuels that remain in the system are, to a large extent, assigned to non-energy
uses, i.e. used as raw material in the industry (e.g. to produce plastics).

It is noteworthy that by 2050 solids virtually disappear from the energy system, including in the
Baseline.

The share of fossil il (excluding non-energy use) also declines very strongly already in scenarios
achieving 80% GHG reduction: from 30% in 2015 to 25% in 2030 to, in 2050, between 12%
(EE) and 8% (P2X). The amount of fossil oil in the EE scenario is slightly lower than in other
scenarios achieving 80% GHG reduction, but the percentage is higher because total final energy
consumption in the EE is lower than other scenarios due to the higher energy efficiency. The
sharpest decreases happen in the 1.5°C scenarios due to a combination of use of several zero
carbon or carbon neutral fuels/energy carriers, notably in transport (see section 4.4.2). This is
because the scenarios include the most ambitious CO, efficiency for light duty vehicles®® and, in
the case of 1.5LIFE, the additional effect of lifestyle changes shifting mobility to low energy
options. Around half of the remaining fossil oil in the decarbonisation scenarios achieving 80%
GHG reduction is actually used as a raw material in industry, and in the scenarios with highest
GHG reductions, most of remaining fossil oil is used as raw material. In several scenarios (P2X,

20 7ero CO, emissions from the new fleet is assumed for 2040 already
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COMBO, 1.5TECH and 1.5LIFE), fossil oil used as energy is partially substituted by e-liquids
and they account for 2-4% of gross inland consumption®" (see 4.2.2.4).

Figure 18: Gross inland consumption
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The share of natural gas (excluding non-energy uses) decreases slowly from 21% in 2015 to 20%
in 2030, and then by 2050 more sharply in the decarbonisation to between 7%-9% in the 80%
GHG reduction scenarios, and 3%-4% in the stronger reduction cases. Importantly, natural gas is,
in several scenarios (P2X, COMBO, 1.5TECH and 1.5LIFE), partially substituted by e-gas,
which then represents 4%-6% of the gross inland consumption in 2050.

Overall, the decreasing roles of fossil oil and natural gas in the energy mix will contribute to
improving the security of energy supply of the EU (see also sections 4.2.2.4 and 4.2.2.5).

Studies from third parties draw a very mixed picture on the future role of natural gas in Europe.
The range goes from natural gas meeting 19% of primary energy demand in the Equinor Renewal
scenario®, to 15% in the Shell Sky scenario®®, 10% in the IEA ETP B2DS?* scenario and 1% in
the Oko Vision Scenario for the European Union®®. The meta study by Trinomics (2018)** on

201 By convention, e-gas and e-liquids are accounted for in the gross inland consumption, thus, when they
develop, decreasing the relative weight of primary energy from “conventional” energy sources (for
instance, in particular, in the P2X case).

202 Equinor (2018), Energy Perspectives, Long-term macro and market outlook,
https://www.equinor.com/en/news/07jun2018-energy-perspectives.html

203 Shell (2018), Sky scenario, Meeting the goals of the Paris Agreement - an overview,
https://www.shell.com/energy-and-innovation/the-energy-future/scenarios/shell-scenario-sky.html

24 |EA (2017), Energy Technology Perspectives 2017, https://www.iea.org/etp.

205 Oko-Institut (2018), The Vision Scenario for the European Union 2017 Update for the EU-27,
http://extranet.greens-efa-service.eu/public/media/file/1/5491

2% Trinomics (2018), The role of Trans-European gas infrastructure in the light of the 2050 decarbonisation
targets. http://trinomics.eu/wp-content/uploads/2018/11/Final-gas-infrastructure.pdf
The study identifies three “storylines™: electrification of transport and heating, decarbonisation of gas
through biomethane and synthetic methane, decarbonisation of gas through "green™ hydrogen.
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the role of gas infrastructure in the light of energy decarbonisation target identifies various
storylines of replacing natural gas by decarbonised gas in the EU energy mix.

The share of nuclear energy in gross inland consumption (14% in 2015), which is relatively
stable over time in the Baseline, slightly increases in the decarbonisation scenarios to 14%-17%
in 2050, corresponding to energy supply close or only slightly below 2015 level (213 Mtoe in
2015 vs. 144 Mtoe in EE to 213 Mtoe in 1.5TECH in 2050).

In contrast the share of renewables increases in a spectacular manner, from 13% in 2015 to 25%
in 2030, and then to 36% already in the Baseline in 2050. Renewables represent more than half
the gross inland consumption in all decarbonisation scenarios in 2050, ranging from 51% (EE) to
62% (in both of 1.5°C scenarios).

4.2.2.2 Energy demand as a driver for energy supply requirements

Already in the Baseline the final energy consumption is substantially reduced and the 2030 target
on energy efficiency (32.5% reduction compared to 2007 Baseline) already translates into a 20%
reduction compared to 2005 (also achieved in all decarbonisation scenarios). The reductions
compared to 2005 go up to 26% in 2050. At that time horizon, the reduction of final energy
demand in the decarbonisation scenarios ranges from 30% (P2X) to 44% (EE) among scenarios
achieving 80% GHG reductions and up to 47% (1.5LIFE) among scenarios with higher GHG
reductions. The least reductions are achieved in scenarios with alternative zero-carbon/carbon
neutral energy carriers (ELEC, H2 and P2X) enabling reaching decarbonisation objectives with
lower reduction of the demand. The EE and CIRC scenarios achieve stronger reductions of final
energy demand, mostly in residential and industrial sectors - respectively. Among scenarios that
achieve higher GHG reductions only 1.5LIFE has higher reductions than EE (47%) as it builds on
all technology solutions but also couples them with consumer choice that further reduces energy
demand. Other studies show final energy demand reduction by 2050 ranging from as little as 19%
(Shell Sky scenario®®) to levels similar to the findings of this analysis: 43% (IEA ETP B2DS**
scenario) or even 56% (Oko-Institut®™).

Such significant reductions of the final demand confirm the large potential for energy demand
moderation and opportunities for the development of dedicated industries and services. Attention
will have to be paid, though, to implement such reductions early and gradually to avoid
bottlenecks (for instance on access to capital or labour force, in particular regarding renovation of
buildings, see section 5.1.2) that would prevent full deployment by 2050.

27 Bko-Institut (2018), The Vision Scenario for the European Union, 2017 Update for the EU, Project
sponsored by Greens/EFA Group in the European Parliament,
https://www.greens-efa.eu/en/article/document/the-vision-scenario-for-the-european-union-7659/
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Figure 19: Changes in sectoral final energy consumption (% change vs 2005)
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Comparing sectors, residential has the sharpest energy consumption reductions (in 2050
compared to 2005) in most scenarios. Transport then follows, due to the substitution of highly
inefficient ICE vehicles by electric vehicles and systemic energy efficiency gains. Industry and
services tend to have comparatively lower energy reductions as both sectors grow according to
assumptions on macroeconomic growth.

Final energy demand by sector is analysed in more detail in each of the sectoral sections:
buildings (comprising residential and tertiary sector — see section 4.3.1.6), transport (section
4.4.2) and industry (section 4.5).

The overall fuel mix in final demand also changes significantly and the specific drivers are
described for each of the sectors. Looking at overall picture the following trends can be noticed.
First of all, solids, already marginal in 2030 disappear by 2050 and that already in the Baseline.
Fossil liquids and natural gas remain in the system but their quantities are substantially reduced.
In these scenarios where e-fuels develop (P2X, COMBO, 1.5TECH and 1.5LIFE), fossil liquids
and natural gas are partially substituted by e-fuels: e-liquids represent 3%-7% of the final demand
in 2050 whereas e-gas that represents 7%-10% of the final demand in 2050.
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Figure 20: Share of energy carriers in final energy consumption
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Electricity becomes the dominant energy carrier and its shares grows strongly in all scenarios,
from 22% in 2015 to 29% in 2030 and then in 2050 ranging from 41% (P2X) to 53% (ELEC)
with the scenarios achieving highest GHG reductions situated within this range. The ELEC
scenario by its construction drives the highest shares of electricity whereas in P2X scenario
electricity competes with e-fuels. These rates are consistent with other studies, like Eurelectric
(2018)*® that shows electrification rate of the final demand in 2050 ranging from 38% (80%
emissions reduction) to 60% (95% emissions reduction).

Biomass and waste also increases its share in all decarbonisation scenarios, partially driven by
increased advanced biofuels penetration but also use of biogas. Biomass and waste thus represent
between 14% (H2) and 19% (CIRC) of final demand in 2050 with the scenarios achieving
highest GHG reductions situated within this range. H2 scenario has the lowest shares due to
penetration of hydrogen in gas distribution as well as in high temperature applications in industry
and in freight transport (both otherwise dependent on biomass).In CIRC, the high share is partly
driven by low overall final energy consumption and partly because of higher availability of
biomass due to reduction in industrial production (as a raw material) as well as improved
management and collection of organic waste and biomass cascading, leading to the use of
biomass as a feedstock for the production of biogas in local bio-refineries. Other types of
renewables that produce direct renewable heat, notably solar thermal, geothermal and ambient

energy”® have only very limited penetration in all decarbonisation scenarios*°.

Distributed Heat supply in final energy consumption keeps the share it holds in 2015 (4%) over
the period up to 2050 and it mainly reflects district heating for buildings and distributed industrial

28 Eyrelectric (2018), Decarbonisation pathways for the European economy,
https://cdn.eurelectric.org/media/3172/decarbonisation-pathways-electrificatino-part-study-results-h-
AD171CCC.pdf.

2 Formerly hydrothermal and aerothermal.

219 The development of geothermal and solar thermal energy, individually or in district heating and cooling
has not been in depth explored in the decarbonisation scenarios.
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heat (mostly delivered from co-generation) using as energy sources biomass, geothermal heat and
electricity since the fossil fuels disappear post 2030. It is noteworthy that the share of heating
supplied through district heating and combined heat and power in the industrial sector increases
by some 50% in most decarbonisation scenarios, although the absolute supply levels only grow
moderately. In the buildings sector, distributed heat supply decreases with increased energy
efficiency and electrification (compared to 2030).

Applying the Renewable Energy Directive formula?®, the renewables share in (gross) final

energy consumption would grow from the target of 32% in 2030 to between 67% and 84% in
2050 in scenarios achieving 80% GHG reductions and up to 100% in 2050 in the both 1.5°C
scenarios. E-fuels and hydrogen, when produced with renewable electricity, are also counted as
renewables.

4.2.2.3 Power sector

In line with earlier analyses of the Commission, electricity demand increases significantly by
2050 in all decarbonisation scenarios. Among scenarios achieving 80% GHG reduction, the
ELEC scenario displays the highest growth, with final demand of electricity being 75% above
2015 level and the EE scenario the lowest (36% increase) as increased energy efficiency
counterbalances the effects of electrification (see Figure 19). The scenarios with higher GHG
reductions lie within this range, except for 1.5LIFE which shows only 30% increase due to
combined penetration of e-fuels and effects of consumer choice.

Increased electrification takes place in most sectors compared to levels achieved in 2030. In
2050, transport sees the most spectacular development of electricity use, which multiplies in the
ELEC and 1.5TECH scenarios up to 10 fold compared to 2015 and 4 fold compared to 2030 (see
also section 4.4). Residential and industry also go through increased electrification, respectively
increasing electricity use in 2050 (compared to 2030) by up to 31% in residential and up to 50%
in industry (in ELEC). The further penetration of electricity in the tertiary sector is more limited
— up to 24% (in ELEC), even showing a slight decrease in the EE and 1.5°C scenarios, where
electrification is counterbalanced by energy efficiency improvement in this sector.

There is a consensus across studies that electricity consumption will further grow in Europe. The
growth over the period 2030 - 2050 ranges between 12% in the IEA ETP B2DS** and 66% in the
Shell Sky scenario®®,

211 Directive 2009/28/EC
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Figure 21: Changes in final electricity consumption in 2050 compared to 2015
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Source: Eurostat (2015), PRIMES.

In addition to increased final demand of electricity, the development of e-fuels also create a new
need for electricity supply. As a consequence of both changes in the final energy demand and (in
some scenarios) the production of e-fuels, the gross electricity generation in 2050 compared to
2030 increases strongly, ranging from 18% (EE) through 57% (ELEC) and to 109% (P2X, which
reflects large e-fuels production) among scenarios that deliver -80% GHG reduction. Scenarios
with higher GHG reductions also experience uptake of e-fuels, and thus higher electricity
production needs, notably 1.5TECH that sees the highest deployment of e-fuels, hydrogen and
electricity combined that lead to 116% growth in gross electricity generation. The changes are
even more remarkable if compared to 2015 as shown in Figure 22.

Figure 22: Increase in gross electricity generation compared to 2015
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In all scenarios, the additional electricity demand is satisfied by production using resources from
the EU territory, mostly local wind and solar, but also nuclear, usually considered as a secure
source of supply?? %2, In some scenarios, biomass (mostly grown in the EU — see section 4.7.2)

212 Although Uranium is imported, fuel can be stockpiled for 2-3 years in advance, minimising the impact
of any short-term disruptions.

%3 The modelling does not fully take into account the implications for the import of raw materials. This
issues is discussed in more detail in section 5.6.1.2 of this document.
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also plays a role. But it is important to note that the modelling work cannot capture all possible
issues related to availability of land, public acceptance or competitiveness of EU-located
production versus imports of electricity, hydrogen and e-fuels that would be likely to develop as
scale of the electricity production increases.

The changes in electricity generation mix illustrate the strong shift towards carbon-neutral energy
sources (Figure 23), in a context of overall increase in electricity production as described above.

Fossil fuels, which represented 43% of the electricity production in 2015, become marginal
contributors the decarbonised power system. In fact, by 2050, natural gas is the only fossil fuel
left in the mix, with a share (of the production) falling from 16% in 2015 to 12% in 2030%* and
then in 2050 to between 5% (P2X) and 1% (EE, CIRC) and the scenarios achieving highest GHG
reductions that lie within this range. It can be noted that the use of biogas®® in the power system
develops, and, with a consumption between 22 and 45 Mtoe in 2050 in the decarbonisation
scenarios, comes closely on par with natural gas is several of the decarbonisation scenarios (see

section 4.2.2.4).

Figure 23: Shares in power generation
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Conversely to fossil fuels, renewables become increasingly competitive, and their deployment is
facilitated by the possibility of storage in hydro-pumping, stationary and mobile (in EVs)
batteries and, indirectly, in hydrogen and e-fuels as well as via demand side response. Storage is
increasingly the principal way of integrating the renewables in the power system as thermal
generation declines over time. The amount of electricity yearly stored that in 2050 increases in
the scenarios some 10 times compared to 2015, while at the same time demand for electricity,

2% 1n the medium term (up to 2030) the amount of gas used in power generation depends on the interplay
of electricity demand, deployment of renewables and other policies, such as the coal phase out
announced by several Member States. In the context of the Long Term Strategy, these policies are not
modelled as exogenous assumptions but they are endogenously driven by ETS carbon prices, which
lead to a significant reduction of power generation from solids by 2030 and 2035. The impact on gas
demand of the announced phase out of coal plants could be different than projected by the model in
2025 and 2030, but this is expected to have little impact on decarbonisation in 2050.

213 Bjogas is accounted for as biomass (renewable) in the energy balance.
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including for production of e-fuels (where applicable), increases between one third and nearly 1.5
times and while electricity from renewables increases between roughly 3 and 6 times over the
same period. The considerably increased storage systems, including the power-to-X units, operate
following a pattern that help increasing the renewables, as they charge electricity when these are
abundant and discharge when they are lacking.

The share of renewables in gross electricity generation is very similar across scenarios getting to
81%-85% in 2050 (compared to 57% in 2030 and 30% in 2015%) and remaining at this level
afterwards. This finding falls within the range of studies assessed, which gives, for the EU, value
from slightly above 75% in 2050 (IEA ETP B2DS?* and Shell Sky scenario®) to an almost fully
renewables power system (IRENA's global energy transformation?®, Greenpeace Energy
Revolution?”’ and the Oko-Institut Energy Vision?”’). It is also consistent with the values found in
the IPCC Special Report on 1.5°C, which gives renewable share in electricity globally ranging
from 69% to 87% in 2050 at global level*®.

Among renewables, wind is clearly the dominant technology, representing in 2050 51-56% of the
power production in all decarbonisation scenarios. This is a spectacular growth from 26% in
2030 and 9% in 2015. These scenarios follow WindEurope’s “high” scenario up to 2050 where
the offshore proportion of electricity generated moves from 12% in 2017 to 36% already by 2030
which would mean about 20% of installed capacity offshore. Other decarbonisation studies see
wind shares below 30% (Shell Sky scenario®®) or above 60% (Oko-Institut Vision EU28%°"). The
share of solar®™® grows up to 15-16% in 2050 in the decarbonisation scenarios, from 11% in 2030
and 3% in 2015. Views on the possible contribution of solar in the EU electricity generation in
2050 cover a broad range between 10% (IEA B2DS*) up to 33% (Shell Sky** #°). Both wind
and solar drive the development of renewables, and reach together some 70% of the power
production in all decarbonisation scenarios, compared to 37% in 2030.

Additionally, some studies have looked at the role that households, collectives, small and
medium-size enterprises (SMEs) and public entities may play in the production of renewable
electricity. One of these studies suggests that up to 1500 TWh (equivalent to 32% of electricity
production in the baseline scenario) of solar PV and wind power could be produced by these
stakeholder groups by 20507,

The share of biomass and waste remains quite stable across scenarios and over the period (7-8%
in scenarios achieving 80% GHG reductions and up to 10% in 1.5TECH scenario that develops
significantly BECCS. These figures are in line with other studies, which see the share of biomass
power generation between 8% (Shell Sky*®) and 12% (Greenpeace Energy Revolution™").

The nuclear share in 2050 remains rather fairly similar across all scenarios (12-15%, compared to
18% in the 2030 projection and 26% in 2015). Other studies see the role of nuclear anywhere
between the current share and no contribution. The Nuclear Illlustrative Programme (PINC)**
sees the nuclear share slightly higher than this analysis, between 17-21% of the total generation

2% IRENA (2018), Global energy Transition — A Roadmap to 2050,
http://www.irena.org/publications/2018/Apr/Global-Energy-Transition-A-Roadmap-to-2050

27 Greenpeace, GWEC and Solar Power Europe (2015), energy [r]evolution — a sustainable world energy
outlook, https://elib.dlr.de/98314/1/Energy-Revolution-2015-Full.pdf.

218 |nterquartile range for no or low overshoot 1.5°C scenarios.

219 Combined in this reporting with tidal and other types of renewables

220 Breyer et al. (2018), Solar photovoltaics demand for the global energy transition in the power sector,
https://doi.org/10.1002/pip.2950 . This publication analyses in detail selected EU countries and sees PV
shares ranging from 26% to 35%.

221 CE Delft (2016). The potential of energy citizens in the European Union.

222 COM(2017) 237
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in 2050, in a business-as-usual scenario. A study by FT1 Energy on behalf of FORATOM'®, the
European nuclear trade association, sees three scenarios with installed capacities in 2050 ranging
between 36 and 150 GW. The Shell Sky?® and IEA ETP B2DS?* scenario project the nuclear
generation roughly stable in absolute terms and representing 11% of the total electricity
production in the Shell Sky?®® scenario (due to a high growth of the electricity production),
against 25% in the IEA B2DS?* scenario. Studies by Greenpeace?’ and Oko-Institut®® exclude
the option to reinvest in nuclear energy and phase out the technology by 2050.

Finally, it has to be noted that hydrogen is only marginally used in power generation (somel5
Mtoe in the H2 scenario), and that e-gas or e-liquids are virtually not used in this sector.
Hydrogen provides important services as a chemical storage (see Figure 26).

The overall net installed electricity capacities reach in 2050 between some 1700 GW (EE) to
some 2700 GW (P2X) and even some 2800 GW (1.5TECH), hence almost doubling of 2015
level (985 GW) or increasing even more. It also represents a substantial increase compared to
2030: from 30% (EE) to 110% (P2X) and to 120% (1.5TECH). Such a massive growth will
certainly represent an investment challenge but also an opportunity for the rejuvenation of the
power generation infrastructure and for development of economic activity and supply chains in
Europe.

In addition to higher electricity needs, be it for final energy demand or for e-fuels production, the
growth in capacity is explained by the growth in renewable energy, and most notably wind and
solar, which display lower capacity factors than traditional generators.

Figure 24: Power generation capacity
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The deployment of renewables is even more visible looking at power production net installed
capacities (Figure 24). The highest increase of renewables capacity takes place in scenarios
deploying hydrogen and e-fuels.

Wind capacity increases in 2050 from some 140 GW in 2015 and some 350 GW in 2030 to
between some 700 GW (EE) and some 1200 GW (P2X) in scenarios achieving 80% GHG
reduction and 1.5TECH scenario goes slightly higher to over 1200 GW, meaning a further
doubling to tripling compared to 2030, which corresponds to annual installation of some 30 GW
(EE) to over 50 GW (1.5TECH) between 2030 and 2050 (see Figure 25), hence exceeding in
most scenarios the average pace observed over 2000-2015 for the entire power capacity (31
GW/year). Onshore wind would represent close to two thirds of total wind capacity in 2050 (92%
in 2015): from 460 GW (EE) to 760 GW (1.5TECH).
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The solar capacity that starts from smaller base today shows also a spectacular growth, from 95
GW in 2015 and some 320 GW in 2030 to between some 500 GW (EE) and 970 GW (P2X) in
2050 for scenarios achieving 80% GHG reduction and up to some 1000 GW in the 1.5TECH
scenario, hence respectively showing increases between some 50% and 200% and up to 220%
compared to 2030. This corresponds to annual installations of almost 20 GW (EE) to over 40 GW
(1.5TECH) between 2030 and 2050. Wind and solar alone represent 53% of total net capacity
installed by 2030, and between 71% (EE, CIRCC) to 80% (P2X, COMBO and 1.5°C scenarios)
by 2050.

Other renewables (mostly hydro and biomass) go through more modest development. Biomass
capacity from 60 GW in 2030 either stabilises (in EE) or grows very moderately - up to 83 GW
(P2X).

The weight of fossil fuel-fired capacity in the total power mix decreases over time. Gas-fired
capacities (that can use both natural gas or biogas) decrease compared to 2015 (220 GW),
ranging in 2050 from 141 GW (P2X) to 226 GW (ELEC) in scenarios achieving 80% GHG
reductions, and decreasing up to 100 GW in the 1.5LIFE scenario, of which some 30% is
associated with CCS. Coal-fired capacities progressively get out of the power mix, with about 20
GW only left in all scenarios except for 1.5TECH scenario, where 38 GW capacity is still
present. The solid fuel plants that operate in 2050 are burning biomass and/or are applying CCS,
whereas the not converted coal plants are in majority used for reserve purposes. Oil-fired
capacities virtually disappear already in 2030, with less than 5 GW still installed in all scenarios,
which are used either in specific applications in industry (e.g. burning industrial by-products) or
serving reserve purposes. The average running hours of fossil fuel-fired capacities decline
significantly in all decarbonisation scenarios.

Nuclear installed capacity in 2050 is only slightly lower than current level (99-121 GW versus
122 GW in 2015), and, in all cases, higher than both the 2030 projection (97 GW) and the
Baseline in 2050 (87 GW).

Figure 25: Newly installed power generation capacities
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Source: PLATTS (2000-2015), PRIMES.

In 2050, the role of CCS for power generation is very limited in all scenarios as competitive wind
and solar, as well as biogas, hydrogen, batteries and biomass are available in sufficient quantities
to balance electricity system. In 2050, CCS plays a noticeable role only in 1.5TECH, where it
reaches 5% of the total net electricity generation (mostly because of biomass power generation to
generate negative emissions), with 66 GW of total capacity equipped with CCS installed. In other
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scenarios, the share of CCS in net electricity generation is around 0.1-0.5% and capacities range
between 1 to 5 GW. The situation changes by 2070 as bigger role of this technology to fully
decarbonise the power sector and of BECCS to generate negative emissions is then expected. The
balance of carbon capture and storage or utilisation for e-fuel production is discussed in greater
detail in section 4.8.

As a result of the changes described above, the power sector’® has only very small residual
emission left in 2050 between some 10 MtCO, (EE) and 110 MtCO, (P2X) and even negative
emissions (some 140 MtCO,) in 1.5TECH. The larger amounts of CO, emissions in the power
sector in the P2X (and closely after H2) scenarios are due to the high amounts of electricity
needed for e-fuels production and the difficulties to balance such a large system without
emissions generated by gas plants with CCS (which emit a small fraction of the CO, produced).
In 2070, all decarbonisation scenarios except for 1.5LIFE generate negative emissions in
electricity sector in order to contribute to continuing emission reductions . Other studies show
emissions in the power sector ranging from close to zero (Shell Sky scenario®) to negative
emissions (IEA ETP B2DS?). This illustrates that, while CCS technology for mitigation of
emissions might not be currently attractive, it is critical for achieving net-zero emissions, as
required to reach the 1.5°C goal of the Paris Agreement.

As already mentioned above, while electricity supply grows, electricity storage plays an
increasingly prominent role in all decarbonisation scenarios (Figure 26).

Figure 26: Electricity storage in 2050
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The use of conventional/"direct” storage, in the form of pumped hydro or stationary batteries,
increases in all scenarios, from about 30 TWh today, some 70 TWh in 2030 to between some 170
TWh (H2) and 270 TWh (ELEC) in 2050 among scenarios achieving 80% GHG reductions while
scenarios achieving higher GHG reductions have use of some 160-200 TWh. For all scenarios
approximately less than 30% of this storage comes from pumped hydro and roughly 70%from
stationary batteries. The highest conventional/"direct” storage takes place in the scenarios where
e-fuels do not deploy (ELEC, EE and CIRC) in final demand sectors.

The e-fuels sold to the final demand sectors have the possibility to be stored in conventional
facilities, which allows producing them at times of high availability of renewables and, in this
way, reducing the needs of storage for the system. This is an "indirect" storage of electricity,
which is not easily measurable and is not included in the total storage.

228 For calculation of GHG emission combined with district heating.
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However, it is possible to measure the explicit storage of electricity using hydrogen and e-fuels,
which is also included in the scenario projections. This storage (so-called chemical storage of
electricity) produces hydrogen and e-fuels at times of abundant energy (typically from wind and
solar) and uses them at times of scarce energy (from wind and solar). In the context of explicit
chemical storage, the power system, and not final demand consumers, use hydrogen and e-fuels.
The chemical storage in 2050 ranges between some 65 TWh (ELEC) and 220 TWh (P2X) and
scenarios achieving higher GHG reduction lie in this range. The total (stationary) storage
explicitly used in the power system (i.e. hydro-pumping, stationary batteries and chemical
storage, including the indirect storage effects of producing e-fuels for the final consumers) ranges
from some 250 TWh (1.5LIFE) to 450 TWh (P2X). In addition, the large deployment of batteries
vehicles (— see section 4.4) will also play a role as a storage capacity for electricity.

Figure 27 shows the development of capacities of storage and of e-fuels production. In terms of
conventional/"direct" electricity storage, pumped hydro storage grows only slowly from 51 GW
in 2030 (that is close to the 2015 level) up to 70 GW (ELEC). Stationary batteries would play a
larger role in the future, growing from 29 GW in 2030 (from negligible amounts today) to
between 54 GW (1.5LIFE) and 178 GW (ELEC), in general having higher deployment in those
scenarios without significant development of e-fuels (EE, CIRC and ELEC). In the three
scenarios that achieve the highest GHG reductions the needs for this type of storage are the
lowest as they develop strongly both hydrogen and e-fuels — see below.

The production of new energy carriers would induce a very large deployment of electrolysers to
produce the hydrogen for direct use as well as hydrogen as feedstock for the e-fuels. The capacity
ranges from 57 GW (EE, CIRC) to 454 GW (P2X) in the scenarios achieving 80% GHG
reductions, and up to 511 GW (1.5TECH) in the scenarios achieving higher GHG reductions.
This deployment is accompanied, in scenarios where e-fuels deploy in final demand, by
development of capacities of power-to-gas (71-142 GW) and power-to-liquids (28-79 GW)
which, in both cases, are the highest in the P2X scenario while being more moderate in the three
scenarios that achieve the highest GHG reductions.

Figure 27: Electricity storage and new fuel production capacities (2050)
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4.2.2.4 Gas sector and new energy carriers

Decarbonisation analyses show a large uncertainty on the role of gas in the long term. This
uncertainty is definitely a challenge for planning the energy transition and in particular, for
planning the future of the gas infrastructure.
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In the long term, unabated emissions from natural gas become increasingly incompatible with the
climate targets. Depending on the sector, natural gas can be replaced by carbon-neutral forms of
gas (biogas, e-gas) or possibly by hydrogen, which can substitute some traditional uses of gas
(e.g. in buildings heating) but which cannot be used in all industrial applications.

First of all, the consumption of natural gas (excluding non-energy use) is expected to be severely
reduced by 2050 in all scenarios (Figure 28), from 345 Mtoe in 2015 to 273 Mtoe in 2030 and
then in 2050, in scenarios achieving 80% GHG reductions, to between 87 Mtoe (EE, CIRC) and
109 Mtoe (P2X) and to less than 54 Mtoe in the scenarios achieving higher GHG reductions. In
most cases, the power sector is key in the remaining natural gas consumption (associated with
CCS in the stronger reductions cases), except in the EE and CIRC scenarios. Interestingly,
looking at overall Gross Inland Consumption, in the decarbonisation scenarios a significant
remaining part of natural gas consumption relates in fact to non-energy needs (organic
chemistry).

Figure 28: Consumption of natural gas by sector
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The EU natural gas production, which stands at 108 Mtoe in 2015, is expected to decline to some
30 Mtoe by 2050 in scenarios achieving 80% GHG reductions and even below 15 Mtoe in 1.5°C
scenarios®, still fulfilling a large part of the remaining needs. As a consequence of declining
demand for fossil gas, net imports of natural gas are expected to decrease, from 247 Mtoe in 2015
to some 220 Mtoe in 2030, and then further down by 2050 (see section 4.2.2.5). The 80% GHG
reductions scenarios require noticeably higher quantities of net natural gas imports by 2050 (from
98 Mtoe to 120 Mtoe) than scenarios achieving higher GHG reductions, which limit the natural
gas net import to as low as 47 Mtoe (1.5LIFE). The reduction of natural gas imports has
significant impacts on the security of supply and reduction of fossil fuels imports bill, which is
further described in section 4.10.4.

In addition to natural gas production, biogas®® is increasingly used in decarbonisation scenarios
(Figure 29) as it is fully interchangeable with natural gas and its combustion is considered
carbon-neutral®®. The whole consumption®’ of biogas®® would increase from 16 Mtoe in 2015

224 Assuming that in context of declining demand for natural gas, prices of import would be more
competitive and thus the level of production projected in the Baseline will not be maintained.

22> In this quantitative analysis “biogas” actually includes both biogas and biomethane.

228 Just as biomass and waste, where it is classified in energy balances.
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to some 30 Mtoe in 2030 and then range between 45 Mtoe (EE) and 79 Mtoe (P2X) in 2050, and
is mainly used in the power and industry sectors. These projections are in line with other studies
that also see a potential for increased contribution of such type of gas in the EU energy system.
For instance, the Green Gas Grids Project?® estimated that a production of 48-50 bcm of biogas,
i.e. close to 45 Mtoe?®, (including raw biogas, upgraded biogas and syngas) could be achieved by
2030, out of the technical potential of 151 bcm (close to 135 Mtoe), hence more than tripling the
current production level. The Gas for Climate study®*! expects biogas to reach up to 98 bcm/year
in 2050 (close to 88 Mtoe), hence about 20-25% of current levels of natural gas consumption.

Figure 29: Consumption of biogas and gas from waste by sector
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Among scenarios explored in this analysis achieving 80% GHG reduction, e-gas develops only in
the P2X case (91 Mtoe in 2050 and 130 Mtoe in 2070) and in the strongest emissions reduction
scenarios albeit there more moderately (around 40-50 Mtoe). In these scenarios, the e-gas is
chiefly used in the buildings (to substitute the high natural gas demand showing in the Baseline),
closely followed by energy needs in the industry where it enables seamlessly to conduct
processes that today can only be performed with natural gas. Transport makes a smaller use of e-
gas, although it represents about 21% of the energy use in heavy goods vehicles and around 4%
of the fuel mix in inland navigation; its use in passenger cars is limited (see section 4.4.2).

227 Bjogas is assumed to be produced entirely in the EU.

228 Also including minor quantities of gas from waste.

2% GreenGasGrids project (2014), http://www.greengasgrids.eu/index.html.

%0 Using a conversion factor from bcm to Mtoe of 0.9.

21 ECOFYS (2018). Gas for Climate - How gas can help to achieve the Paris Agreement target in an
affordable way. https://www.gasforclimate2050.eu/files/files/Ecofys_Gas_for_Climate Feb2018.pdf
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Figure 30: Consumption of e-gas by sector in 2050
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Summing up the developments for natural gas, e-gas and biogas, in the Baseline scenario, total
gas consumption (covering all gas types) stands at some 320 Mtoe in 2030 and declines only
slightly thereafter (compared to some 370 Mtoe in 2015 and some 450 Mtoe at its peak, in 2005).
In the decarbonisation cases, the total consumption in 2050 (Figure 31) varies from some 300
Mtoe (P2X, which projects the highest quantities of e-gas) to some 150 Mtoe (EE, which reduces
overall energy demand with energy efficiency measures). The scenarios that achieve higher
emissions reduction scenarios lie in this range, as they see a more moderate substitution of
natural gas by e-gas, complemented by a substantial role of biogas but also high levels of energy
efficiency as well as circular economy and consumer choice curbing the overall energy demand
for L5LIFE. The projections indicate that the development of both e-gas and biogas could play a
key role in making the best use of the existing EU natural gas infrastructure in a decarbonised
energy system.

Figure 31: Total gas consumption per gas type
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In addition, and as a complement to methane molecules, hydrogen is also expected to play a role
in the future energy system. Although no major technological breakthrough took place over the
last decade, the costs lowered and new pilot projects were launched, while the industry
increasingly sees bigger role for hydrogen in its decarbonisation visions and pathways. This is
why different deployments of hydrogen were explored in the decarbonisation scenarios.
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In the Baseline, hydrogen use develops only as a niche application for road transport (amounting
to a few Mtoe). It increases (to some 15 Mtoe) further in the EE, CIRC and ELEC scenarios as an
electricity storage option to absorb higher volumes of variable renewables (see Figure 26) and in
transport. However, large scale deployment takes place (up to some 150 Mtoe in 2050 and 210
Mtoe in 2070 in H2 scenario and up to 80 Mtoe in 2050 in 1.5TECH) as soon as consuming
technologies are available (i.e. fuel cell vehicles) and competitive (in final energy demand), and
when the full portfolio of options needs to be deployed, i.e. in the 1.5°C scenarios.

Figure 32: Consumption of hydrogen by sector in 2050
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The use of hydrogen develops in industry (see section 4.5.2), transport (mostly for heavy duty
vehicles, which do not have the option of electrification unless covering only short distances - see
section 4.4.2) and, to a lower extent, in buildings (with heating equipment consuming hydrogen
blended with gas).

Hydrogen is also assumed to be produced in the EU. Clearly, building the necessary production
assets — be it for hydrogen or e-gas production and upgrading the gas infrastructure (in case large
guantities of hydrogen are to be distributed) in the light of currently high costs and nascent
demand would be a challenge from the industrial policy perspective. Studies indicate that some
areas within the EU could be well suited to production of hydrogen/e-gas be it because of
abundant production of renewables (e.g. offshore in the North Sea or, in general, close to grids
giving access to diversified and big amounts of renewables) or proximity to nuclear power
stations or close to industrial buyers.

When combining all gaseous fuels (natural gas, biogas, e-gas and hydrogen), Figure 33 shows
two very different patterns: on the one hand, in those scenarios where the hydrogen, and the e-
gas, does not develop because of a lack of consumption market, gaseous fuels are roughly halved
compared to today. Conversely, in a context where large-scale end-uses of hydrogen and/or a
corresponding chain of new fuels would take place, the total consumption of gaseous fuels would
actually be close to current levels (in scenarios H2, P2X). In the 1.5°C scenarios and COMBO,
where energy efficiency and new consumption habits limit further energy needs, the consumption
of gaseous fuels would lie in-between at around 200-250 Mtoe.

Comparing total demand for gaseous fuels, these results are roughly in line with the study by
Trinomics®® on the role of European gas infrastructure in the light of 2050 decarbonisation,
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which expects the demand for these fuels®* to decrease compared to today in the case of strong

electrification (“storyline 17), but to stabilise (even slightly increasing) in the case of high
developments of carbon-free gases (“storyline 2”’) or hydrogen (“storyline 3”).

Figure 33: Consumption of gaseous fuels
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The future decarbonised energy system could also make use of e-liquids, i.e. more complex
synthetic hydrocarbons also derived from hydrogen in the same way as e-gas, using CO, from
carbon-neutral sources. Such fuels could develop in the transport sector, which appears
particularly difficult to decarbonise. Their deployment reaches up to 54 Mtoe in 2050 (and
stabilises afterwards) in the P2X scenario (whereas they are absent from all other scenarios that
achieve a 80% emissions reduction). The e-liquids are also present, at smaller scale, in the
scenarios that achieve higher GHG reductions (some 20-40 Mtoe).

Figure 34: Consumption of new fuels by sector in 2050
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282 A noticeable difference is that the Trinomics (2018) study anticipates the disappearance of natural gas,
entirely substituted by other gaseous fuels, unlike the modelling analysis of this document.
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4.2.25 Energy imports

Security of supply is a political priority and one of the five dimensions of the Energy Union
Strategy. Although the import of fuels is not necessarily an security problem, the magnitude and
the nature of, in particular, oil and gas imports (sometimes coming from a limited number of
suppliers or via limited number of routes) raise specific energy security and, sometimes, even
wider geopolitical issues. Energy efficiency or other ways of limiting energy demand (circular
economy and lifestyle change) as well as switching to domestically produced low-carbon energy

vectors can contribute to reducing energy imports?,

Net fossil fuels imports, in volumes are expected to decrease already by 2030 to close to 730
Mtoe, versus some 900 Mtoe in 2015. The trend is pursued in the Baseline case, which would see
a decrease to about 650 Mtoe in 2050, 28% lower than the current level. The decarbonisation
scenarios lead to further decrease, with volume of fossil fuels imports ranging from some 370
Mtoe (CIRC) to 410 Mtoe (P2X) in the scenarios reaching -80% emissions reduction (hence a
reduction of fossil fuels imports of 54% to 58% compared to 2015). The fossil fuels imports
volumes would be close to 350 Mtoe in the COMBO case and about 250 Mtoe in the 1.5°C
scenarios, i.e. more than 70% decrease of fossil fuels imports compared to 2015. It is clear that
ambitious energy efficiency measures and strong decarbonisation go in hand with deeper
reductions of imports.

Figure 35: Energy imports
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Looking at fuels separately:

e Coal consumption virtually disappears from the EU energy system already in the
Baseline and in 2050 and thus there is no longer need for imports.

o Imports of oil reduce only very slowly in the Baseline. In the decarbonisation scenarios,
however, compared to 2015, they decrease in 2050 between close to 50% (in all
scenarios reaching -80% emissions reduction) and nearly 65% in the 1.5°C scenarios.
These scenarios combine the use of all alternative zero carbon or carbon neutral fuels
and, in case of 1.5LIFE the benefit from lifestyle changes that induce changes in
mobility patterns (also as part of circular economy measures).

2% Reducing the overall scale of imports also diminishes the magnitude of potential disruptions of the
economy because of supply severance or price shocks.
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o While imports of natural gas are only slightly reduced in the Baseline, they significantly
reduce in all decarbonisation scenarios. Indeed, compared to 2015, in 2050 they are
between 51% (P2X) and 60% (EE) lower for scenarios achieving 80% GHG reductions.
The least reductions happen in the P2X (and closely after ELEC) scenarios because of
higher gas consumption for balancing purposes in the power sector. The strongest
reduction scenarios (COMBO, 1.5TECH and 1.5LIFE) lead to the highest gas import
decreases - up to 81% reduction compared to today's levels is projected in 1.5LIFE
thanks to impact of all technologies combined and consumer choice.

e Imports of (sustainable) solid biomass are kept limited in all scenarios at 4% to 6% of
the solid biomass used for bioenergy by 2050. This assessment did not look into the
effects and impacts on greenhouse gases beyond the EU if impact of biomass would be
increased to meet EU demand.

A detailed analysis on the monetary values of future EU energy imports in different
decarbonisation pathways can be found in section 4.10.4.

As a result, the dependency of the total EU energy consumption®* on energy imports (mostly
fossil fuels), which only reduces from 55% in 2015 to 52% in 2030, falls afterwards to between
27% and 38% in the 80% GHG reduction scenarios (highest in EE, which radically lowers the
demand), 27% in the intermediate level of reductions (COMBO) and further in the net zero
emissions scenarios where only 20% of the energy needs are imported.

Figure 36: Energy import dependency
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Source: Eurostat (2015), PRIMES.

The decarbonisation scenarios explored in this document assume that decarbonised energy
carriers (electricity, hydrogen, e-gas, e-liquids) would all be produced within the EU. However,
as it is the case today for oil, natural gas and biofuels, hydrogen and e-fuels could actually be
globally traded commodities and imported from regions with comparatively cheaper, abundant
renewables.

If these fuels were to develop as large contributors to future EU energy needs in a decarbonised
economy, imports option could help reduce the cost of the transition as well as possible pressure

% Including international bunkers.
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on domestic resources (land, sea) linked to large-scale deployment of renewables. Abundant,
globally traded zero-carbon/carbon neutral fuels could thus be an economic opportunity but they
do create a risk of new types of dependency, possibly affecting EU's energy security.

Finally, it must be mentioned that other dimensions of energy security have not been explored in
detail in this analysis. Other factors need to be considered, including the role of fuel stocks or
interconnectors®®, as well as anticipating new threats to energy supply (e.g. cyberterrorism on
critical energy infrastructures, unpredictable weather patterns) and new forms of dependencies,
for instance on raw material imports stemming from new technologies development (see section
5.6.1.2) or on foreign investors investing in EU critical assets or technology to use them to the
detriment of the EU's security (see section 5.6.1.3).

4.2.3 Transition enablers, opportunities and challenges

The options and results described in the sections above clearly show that decarbonisation of
energy supply is possible with existing technologies but of course these technologies have to
further evolve in terms of their performance and costs so as to scale up their deployment,
underlining the importance of a dedicated industrial policy. The supply of the raw materials
needed for these developments (for e.g. batteries, the electricity grid, digitalization or wind
power) will need to be secured (see section 5.6.1.2), making also sure that the climate impact
over the life cycle of products does not lead to climate impacts elsewhere.?®

The technology development (both in terms of new, carbon neutral fuels and energy efficiency) is
clearly the main enabler for the transition while the costs and constraints associated to large scale
technology deployment are the key challenge. Becoming a key actor on fast expanding global
markets for low carbon technologies and services is also one of the most promising opportunities
for the European industry. Developing such a production capacity will also avoid replacing the
current dependency on fossil fuel imports by a dependency on new technologies. Europe is
leading in many low carbon technologies today but this is not the case for some, like solar PV
production and batteries. Regaining leadership and seizing the first-mover advantage in new
technologies notably hydrogen, e-fuels, advanced bio-fuels production on a very competitive
global market would require supporting domestic excellence in research, creating the necessary
conditions for innovation to materialise and reinforcing cooperative programmes for the
development of technology (see section 5.4). While many decarbonisation technologies are
expected to become competitive on their own, some small-scale and emerging ones might still
require financing support.

This analysis shows that the most important single driver for a decarbonised energy system is the
growing role of electricity, both in final energy demand and in the supply of alternative fuels,
which will be mostly met by renewables, and in particular by wind and solar electricity. A key
challenge, which lies partly in the domain of technology and partly in regulatory field, is
therefore the paradigm shift from electricity production following demand to a largely
meteorologically driven production. The future energy system will have to rely on much higher
balancing capacities, including:

% The internal market infrastructure will in the future likely also concern hydrogen, CO, and e-fuels in
addition to electricity, as it will be cost-efficient to share the resources and productions of the new fuels in
the EU given that the Member-States are differently endowed with RES.

2% gSee the EU Raw Materials Initiative: https://ec.europa.eu/growth/sectors/raw-materials/policy-
strategy_en
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e Dbetter interconnections on all grid levels, extending pan-European, national electricity
grids and connection to extra EU areas with high renewable potential that would improve
the match between supply and demand and unlock the potential of large offshore wind
farms (e.g. in the North Sea) or solar energy (e.g. in the south of Europe);

e more storage, helping to match demand and supply over multiple time frames;
e deeper demand response;
e as well as flexible generation units.

Electricity production, transportation and storage will require proper financing and possible
adaptation of tariff schemes, notably as the utilisation rate of some infrastructure might decrease,
while still playing a critical role to guarantee security of supply. Once technologies have reached
sufficient maturity, initial support schemes can be phased out EU wide in a coordinated way, so
that investment decisions are made based on market signals.

The future of nuclear energy, will also depend on both the technological developments and the
regulatory field. Nuclear will face the challenge of decommissioning of the units at the end of
their economic life-time and developing a permanent solution for nuclear waste disposal as well
as construction of new plants in line with the highest safety standards.

Importantly, while there are opportunities for centralised storage (including new solutions of
storage in e-fuels), there will likely be also the opportunities for flexible consumers (individual
ones if representing large demand or those collectively offering their capacities through
aggregators) and producers of electricity who can be integrated through increasingly digitalised
networks, allowing peer-to-peer trading of electricity. Options for storing and converting both
electricity and heat are multiple but will all require a more integrated approach to the relevant
infrastructure. A fiscal level playing field across the EU would facilitate the deployment of such
solutions.

Storage of electricity in sectors other that power itself, for instance in the transport sector, is an
example of sector coupling, which is currently considered as very promising option. It is crucial
that sectors do not work in isolation and those consuming the energy can rely on the supply side
to deliver decarbonised fuels (bio-fuels, electricity, hydrogen, e-fuels).

The significant increase in power generation capacity and the need to develop further
infrastructure for energy carriers to go from supply regions to consumption areas also means that
spatial planning could be an important challenge. Engaging with citizens and local authorities,
addressing in synergy other local environmental challenges, will be essential to deploy in due
time the necessary infrastructure.

The regulatory framework to facilitate this major change in energy market structure and
operation is under construction already but of course more work will be needed and some
challenges might only emerge with the scaling-up of the new energy system. The EU will need to
build on the current regimes of cooperation across Transmission System Operators and
Distribution System Operators to facilitate necessary investment and market opening in the most
cost effective manner. The European manufacturers and service providers would then need to set
standards for the ongoing convergence between the energy and the IT industries — setting such
standards first in the EU could be then an opportunity for the global leadership.

Finally, the role of gas requires further consideration since scenarios considered in this analysis
see large differentiation in its use at 2050 horizon. Natural gas currently plays an important role
in balancing the electricity system and has many applications in final energy consumption. The
full decarbonisation of the energy system will challenge this role as it can only have place if
coupled with CCS, a technology itself facing challenges. In the future, decarbonised gaseous
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fuels (biogas, but also hydrogen and e-gas) could provide clean energy to industry, buildings and
transport without loss of utility and providing longer use of existing natural gas infrastructure.
Today the economics of such energy carriers is uncertain, with costly investments and a need for
predictable levels of demand as well as regulatory certainty. Conversely, the fact that they fit
very well with Europe’s existing infrastructure and could be developed by Europe’s existing
(chemical) industry creates an opportunity to gain technological leadership.

4.3 Buildings

4.3.1 Buildings options

Buildings, comprising the residential (60% to 85% of floor area across Member States) and
services sectors, currently represent the highest share of final energy consumption in the EU.
Energy consumption in buildings serves multiple purposes: heating & cooling, operation of
appliances, water heating and cooking. Emissions in this sector have been declining only very
slowly as the majority of the energy needs are still covered by fossil fuels (mostly natural gas).

Options to reach long-term reduction of energy use and associated CO, emissions are explored
below.

4.3.1.1 Energy performance of the building shell

The role of thermal insulation has, for a long time?®", been considered as crucial in the future
evolution of energy consumption in buildings and fulfilling the GHG emissions reduction
objective.

First of all, new buildings can be designed and constructed with high-performance thermal
insulation. However, buildings built today will only represent 10-25%2* of the buildings stock in
2050 and thus the overall energy performance of the stock will be largely determined by the
capacity to renovate and (significantly) improve the energy performance of the existing
buildings. While the efficiency of new buildings has steadily improved over time, most of
Europe's existing building stock has yet to improve insulation performance, which will have to go
through energy performance-targeted renovation.

Currently, about 35% of the EU's buildings are over 50 years old and almost 75% were built
before energy performance standards existed. It has been estimated®® that up to 97% (i.e. all
buildings built before 2010) needs partial or deep renovation to comply with the long-term
strategy ambition. This will imply a more than doubling of the renovation rate of the building
stock by 2050, from the today observed 1%-1.5% yearly rate to at least 3%. Taking advantage of
technological progress (e.g. ICT and smart-building technolo