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Highlights

* This study seeks to answer a simple question: will we have
enough renewable electricity to meet all of the EU’s decarbonisa-
tion objectives, and, if not, what should be the priorities?

*  We assess through a “conservative” approach how much renew-
able electricity will be needed to electrify future energy demand,
while taking into account 2019 energy use and flow data, im-
provements in energy efficiency from electrification and policies
set forward by the EU and other reference modelling works (IEA,
IRENA, EU EC ...). Energy services that cannot be electrified
need to be fueled by sustainable fuels or provided through other
solutions.

* It would be technically feasible to supply around 65% of current
electricity demand with renewable electricity on the basis of the
NECPs. But there is little room by 2030 for supplying the addi-
tional renewable electricity demand due to the electrification of
road transport, and of the heating of buildings, not even includ-
ing electrification of industry and electricity demand for producing
synthetic fuels — including hydrogen.

* Five main policy actions are suggested by 2030 and 2050.
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Introduction

As part of the Green Deal ?, the EU wishes to
reach full climate neutrality by 2050. As an inter-
mediate step, a reduction in greenhouse gases
of 55% by 2030 has been put forward as a tar-
get. The basis of the overall approach for climate
neutral energy system is found in the COM(2020)
299 “Energy system integration strategy”, a co-
herent approach, based on engineering funda-
mentals?:

1. Energy efficiency first, including the circular
economy and the use of waste heat.

2. Then the electrification of those applications
where this is credible in terms of cost-effi-
ciency and technology.

3. If the first and the second approach prove
not feasible, sustainable fuels will have to be
used (amongst them hydrogen).

This approach leads to a sustainable ener-
gy system based on renewable resources that
predominantly deliver electric energy as output:
wind, solar and the more traditional hydro and
some geothermal generation. The basic laws of
thermodynamics, the physical laws that rule en-
ergy systems, are clear: every time the energy is
changed from one vector into another (electricity
into hydrogen, for example) a significant amount
of the original energy is lost. Therefore, as (re-
newable) electricity may be considered to be the
'highest quality of energy', wherever possible it
should not be changed “on route” towards the fi-
nal use. In other words: if the energy service can
be delivered electrically, it should be done in that
way. Applications that can not be addressed by
electricity, are called “hard to abate” applications
as they require alternative solutions.

Therefore, a smart transition, that is cost ef-
fective, should try to deliver the energy for the
services needed using a minimum amount of
energy, which is guaranteed by electrifying as
much as possible the energy supplied. Where
this is not possible, the most efficient and effec-
tive sustainable fuel must be used. There are a
number of options here, both low carbon (de-
carbonising industry using CCS/CCU based on
fossil fuels and low-carbon hydrogen during the
transition) and zero-carbon hydrogen produced

using electrolysis and potentially pyrolysis using
renewable electricity. Given the basic laws of
thermodynamics, using sustainable fuels based
on green electricity for applications that can be
supplied directly by electricity is always ineffi-
cient and leads to higher investments in required
wind and PV resources and conversion systems
(electricity to sustainable fuels and to final ener-
gy service).

This study seeks to answer a simple question:
will we have enough renewable electricity to
meet all of the EU's decarbonisation objectives,
and, if not, what should be the priorities?

A simple three steps methodology is followed.
The starting point is the energy use and flow
data as provided by Eurostat for EU-27 in 2019
Then we try to estimate the share of the future
energy services that can be supplied by electri-
fication, taking due account of the improvement
in energy efficiency that results from using elec-
tricity for transport and heating compared to us-
ing fossil fuels. We assess how much renewable
electricity will be needed to do so, accounting
for the policies set forward by the EU and other
reference modelling works (IEA, IRENA, EU EC

).

In preparing this analysis, at every point where
the option presented itself, we have taken a 'con-
servative' approach to demand and supply. We
therefore assume that ambitious predictions/es-
timates regarding renewable electricity produc-
tion will be met, and that energy demand will be
reduced or constrained based on the achieve-
ment of even more ambitious energy efficiency
objectives (that would require a step-change
compared to current success in this area).

Energy services that cannot be electrified need
to be fueled by sustainable fuels. Sustainable fu-
els may be biofuels, low carbon hydrogen (blue
or turquoise hydrogen based on natural gas,
or green hydrogen from electrolysis) as well as
e-fuels based on green hydrogen. The produc-
tion of the green and to a lesser extent turquoise
hydrogen adds to the electricity needs. When
looking at sustainable fuels, methane — and its
potential leakages — have to be carefully consid-
ered.

2 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2019:640:FIN

3 https://ec.europa.eu/energy/sites/ener/files/energy_system_integration_strategy_.pdf
4 https://ec.europa.eu/eurostat/cache/sankey/energy/sankey.html?geos=EU27_2020&year=2019&unit=KTOE&fuels=TOTAL&high-

light=_&nodeDisagg=0101000000000&flowDisagg=false&translateX=0&translateY=0&scale=1&language turquoise) or carbon =EN
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1. Role of electricity in current
energy supply & demand

An overview is given of the 2019 demand for en-
ergy carriers and industrial feedstock in the dif-
ferent sectors, and of the relative shares of elec-
tricity generation by energy source according to
Eurostat®. Final energy and feedstock consump-
tion is roughly 12.000 TWh, of which electricity is
only 21 % (2485 TWh). 37 % of the electricity is
supplied from renewable resources (953 TWh:
wind 367 TWh, hydro 293 TWh, solar 126 TWh,
geothermal 7 TWh, bioenergy 160 TWh). In our
analysis of future demand and supply, the two
“classical” resources (hydro and geothermal)
are assumed to remain constant in the decades
to come as most of the potential in EU 27 is al-
ready in use. Biofuels probably will be diverted to
“hard to abate” demand (sustainable molecules)
or biobased chemistry, where they have a higher
value.

Final consumption 2019 per sector (11933TWh)
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Electrifying many applications will reduce the
overall energy consumption to a large extent at
the one hand, and increase the electricity input
at the other, bringing electric energy more and
more to the forefront of the overall energy sys-
tem.

2. Towards 2030: Trends in
renewable electricity supply

One of the first steps towards carbon neutrality
is to cover existing electricity demand by carbon
neutral resources. To decarbonise around 65%
of the present EU-27 electricity use by 2030 —
an estimated, reasonable contribution to reach
the -55% GHG emissions reduction target of the
EU Green Deal® -, 1615 TWh of green electricity
supply will be needed.” On the basis of existing
EU Member States targets/commitments, and
assuming that they are met, we estimate the EU-
27 output of wind and PV by 2030 at around
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Figure 1: Overview of the final consumption (energy and non-energy) per sector, and details on the electricity generation according to
Eurostat. Marine bunkers 507 TWh and international aviation 485 TWh were included for sake of completeness.

6 This estimate is also in agreement with the EU-27 ambition levels set for the renewable share in the supply -side towards the achieve-
ment of the EU Green Deal targets. COM(2020)562: “By 2030, the share of EU renewable electricity production is set to at least
double from today’s levels of 32% of renewable electricity to around 65% or more.”

7 COM(2020)562: “By 2030, the share of EU renewable electricity production is set to at least double from today’s levels of 32% of
renewable electricity to around 65% or more.”
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1,150 TWh per year compared to the present
487 TWh: an addition of 663 TWh. If we add
hydro and geothermal, we get 1477 TWh.2 This
estimate may be viewed as reasonable in the
light of comparative studies. A study by FSR on
the costs of decarbonization’ estimates a poten-
tial, by 2030, of 1361-1367 TWh for solar and
off/onshore wind summed together. The EU EC
SWD(176) MIX scenario reports the potential of
1505 TWh for the same technologies by 2030."°

Based on the NECPs, and assuming that Mem-
ber States meet their objectives, supplying 65%
of current electricity demand (1615 TWh) with
renewable electricity by 2030 may be consid-
ered to be ambitious, but technically feasible.

This does not, however, take into account the
additional expected demand for renewable elec-
tricity from electrification in other sectors. Equal-
ly, we will need to factor in the electricity system
changes that will result from such rapid renew-
able electricity growth, notably given the inter-
mittent nature of the power sources. Additional
investments in grid and storage will be required
to enable these levels of renewable electricity to
be achieved.

3. Towards 2050: Trends for
renewable electricity supply

Inevitably, predicting potential or economical-
ly efficient electricity demand and the ability of
renewable electricity supply to meet it is more
difficult with greater levels of uncertainty. This
is the case, for example, by 2050. However,
we have reviewed available estimations for so-
lar PV, onshore wind and offshore wind on the
basis of models from IEA, IRENA, EU EC, and
the aforementioned FSR study'', and of other
relevant sources. Overall, we see the potential
for a three to four times increase in renewable
electricity generation compared to 2030 within
the EU. While the renewable electricity capacity
of onshore wind and solar PV are assumed to in-
crease by a factor of between two and three, the
renewable electricity capacity of offshore wind is
assumed to grow from 88.4 GW to either 290

GW or to 300 GW (by a factor of almost four).
Again, this is ambitious, will require huge invest-
ment and continued (or even increased) public
acceptance on funding and planning, but is tech-
nically possible.

4. Electrification of energy demand
by 2030 & 2050

The next step of this 'availability analysis' is to
consider the questions: how much renewable
electricity will the EU need, for which uses, and
by when to meet its GHG objectives and associ-
ated targets?

Again, for 2050, such an analysis is of course
difficult; it depends on may factors including
technological development and policy choices.
However, we have undertaken a high-level sec-
tor-based analysis of expected additional elec-
tricity demand, based on -55 % carbon reduction
by 2030 and carbon neutrality by 2050. In partic-
ular we have assessed the electricity needed to
decarbonize the transport, buildings and service
sectors, and finally for industry, on the basis of
the end-uses that can be technically and cost-ef-
fectively electrified (if a service is provided, for
example, using green hydrogen whenever elec-
trification would be possible instead, the total
electricity necessary from renewable resources
will be higher).

We assume that the demand for energy services
- i.e. the amount of km that people will wish to
travel or industrial products required) does not
change'?, but have factored in energy efficiency
improvements that result from changes in en-
ergy sources (electric cars and heat pumps are
far more efficient, for example, than combustion
engines and oil/gas boilers). This (largely rea-
sonable) assumption reflects that this is not a
detailed energy modelling exercise, but rather a
trend analysis.

4.1. Transport

The EU put forward a “sustainable and Smart
Mobility Strategy — putting Europe on track for

8 Details on the derivation of the precise numbers are disclosed in the accompanying policy paper with the same title.
9 Piebalgs, A.; Jones, C.; Dos Reis, P.C.; Soroush, G.; Glachant, J.M.; FSR Technical Report Cost-effective decarbonisation study URL:

https://fsr.eui.eu/publications/?handle=1814/68977

10 Details on the derivation of the precise numbers are disclosed in the accompanying policy paper with the same title.

11 As of the moment of drafting this policy brief (April 2021), the data relative to EU renewable electricity deployment by 2050 according
to the latest IRENA 1.5°C scenario (IRENA “World Energy Transitions Outlook 1.5°C Pathway - Preview*, 2021) has not been made
public yet. Therefore, we will use the numbers disclosed in the IRENA 2020 TES scenario.

12 Mobility in persons.km or ton.km remain the same as are the transport modi. The temperature and comfort in the houses remain the

same.
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the future”, 9 December 2020"*. The only con-
crete number given is the estimate/aim that by
2030 at least 30 million zero-emission vehicles
will be in operation on European roads. This
number is extremely low as the number of pas-
senger cars on European roads is some 243
million," This number is totally incompatible with
the 55% greenhouse gas reduction by 2030 put
forward in the Green Deal.

Let us assume, for the purpose of this exercise,
that all applications of road and rail internal com-
bustion engines can eventually be electrified
and that there is constant mobility demand. In
that case, the extra renewable electricity to be
supplied, taking account of ICE vehicle efficien-
cy assumptions, amounts to 1053 TWh to 1263
TWh from the almost 3300 TWh of fuel used to-
day. The electrification of road transport implies
an enormous gain in energy efficiency.

The potential for direct electrification for aviation
and shipping (passenger and freight transport,
including marine bunkers and international avi-
ation) is limited and hydrogen or synthetic fuels/
biofuels will be required. Therefore, we estimate
the renewable electricity demand by 2050 for de-
carbonizing aviation and shipping at 1490 TWh.
In order to do so, we assumed that aviation and
navigation can be performed using hydrogen -
and not other hydrogen-derived fuels - and that
the efficiency of electrolysers will improve to
around 75%." If more appropriate fuels (ammo-
nia, methanol, methane, e-diesel, e-kerosine)
are used, the overall conversion efficiency will
be lower and the amount of renewable electricity
required will be higher.

4.2. Buildings and services sector

On 14 October 2020, the European Commission
published its “Renovation Wave Strategy”. This
strategy aims to at least double the renovation
rates in the next ten years and to make sure that
these renovations lead to higher energy and re-
source efficiency. The Commission foresees that
by 2030 up to 35 million buildings will have been
renovated.'® Based on existing experience, this
is extremely ambitious, but nonetheless we base

our calculations on the assumption that it will be
achieved. Buildings are responsible for 40% of
the EU’s energy consumption and 36% of its
greenhouse gas emissions, so this is an import-
ant assumption.

In order to stay in line with EU ambitions'’, rough-
ly three quarters of the energy demand should
be saved through renovation (2196 TWh). Part
of the remaining energy demand might continue
to be supplied through the present sources (heat
networks, renewables). The fossil-based portion
which will remain after deep renovation (1887
TWh)'® should be decarbonised using heat
pumps, requiring 755 TWh of heat. The amount
of electricity to be supplied depends on the COP
(coefficient of performance) of the heat pump
leading to an electricity demand of 216 TWh'?

The above-mentioned 75% energy efficiency
assumption is highly ambitious given existing
renovation rates and levels (few renovations to-
day provide the savings needed to meet these
objectives). Nonetheless, in line with the conser-
vative approach taken in this analysis, we have
calculated expected future renewable electricity
demand for 2050 assuming they are met.

In theory hydrogen and synthetic fuels should
not be used: though it is possible that these fu-
els will be used, say, in rural applications with
weak electric grids, or where customers prefer
to heat using molecules (and regulation currently
permits this).

4.3. Industry

To a significant extent, regarding heating appli-
cations within industrial processes, fossil fuels
could theoretically be substituted by direct elec-
trification.

* For temperatures of up to around 1000°C,
direct electrification technologies are avail-
able?°. Especially for low-temperature pro-
cesses, (<100-2000C) heat pumps often
prove an efficient solution.

* For very high temperature heating and feed-
stock industrial processes electrification is

13 https://ec.europa.eu/transport/sites/transport/files/legislation/com20200789.pdf
14 https://www.acea.be/press-releases/article/zero-emission-vehicles-european-commission-ambitions-far-removed-from-toda

15 This latter assumption means that at least 33% more of renewable electricity will be required in order to consume 1 kWh of hydrogen,

compared to using directly 1 kWh of electricity.

16 https://ec.europa.eu/energy/sites/ener/files/eu_renovation_wave_strategy.pdf
17 https://ec.europa.eu/commission/presscorner/detail/en/IP_20_1835

18 natural gas (1345 TWh) and petroleum/solid fuels (542 TWh)

19 https://ec.europa.eu/environment/emas/takeagreenstep/pdf/BEMP-7.4-FINAL.pdf
20 https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/plugging-in-what-electrification-can-do-for-industry
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currently not an option, and sustainable fu-
els - molecules, will be necessary. However,
the introduction of new technologies based
entirely on electrification or hydrogen is go-
ing to be limited within the next ten years,
and may expect to be concentrated between
2040 and 2050. It remains to be seen how
this will develop, and one constraining factor
may indeed be the physical unavailability of
renewable electricity in the EU for all poten-
tial uses, and notably industry for direct and
indirect (hydrogen) uses. In such circum-
stances CCS can be added to existing instal-
lations - we have 30 years of technological
development to possibly bring CCUS and
other low-carbon technologies to very close
to zero, if not zero, carbon.

» If we focus on the industrial processes where
fossil fuel input is both part of the material
and the energy flow (iron and steel, chemical
and petrochemical, non-metallic minerals),
fossil fuel consumption for these applica-
tions is currently 912 TWh. By 2050, if we
assume — as a minimum — that half of it will
be replaced by electricity, an additional 456
TWh of annual electricity consumption will
be created by 2050. Overall, industrial elec-
tricity demand is therefore going to increase
substantially between 2020 and 2050, with
a minimum of 500 TWh, but most probably
double that.

Conclusion - green electrons will be
scarce and should be considered
valuable - policy recommendations

Seen in this light, and again on the basis of a
conservative analysis whose conclusions do not
change if we substitute the numbers for future
renewable electricity supply with those of oth-
er scenarios we analysed (e.g., IEA), and an
achievement of current targets set towards car-
bon neutrality, it becomes clear that there is little
room by 2030 for supplying the additional renew-
able electricity demand due to the electrification
of road transport (458 TWh for 40% electric ve-
hicles and 20% trucks), the heating of buildings
(108 TWh for 50% renovation and heating by
heat pumps), not even including the electrifica-
tion of industry and the electricity demand for
producing synthetic fuels — including hydrogen.

Given the fact that green electrons will be scarce,
they should therefore be considered to be valu-
able. Five main actions need to be considered
by 2030 and 2050:

A significant increase in ambition for renew-
able electricity supply is required. However,
producing all of the above with electric ener-
gy in the EU-27 will be hard, and close co-
operation with neighboring countries will be
needed.

The use of renewable electricity has to be
targeted following the energy system inte-
gration strategy. Applications where electrifi-
cation brings an enormous gain in efficiency
such as passenger transport or low-tempera-
ture heating both in building and industry
should be prioritized.

In terms of producing hydrogen, there is
strong GHG value in achieving the Com-
mission's target of substituting 'grey' hydro-
gen demand used as feedstock by 2030.
Using renewable electricity to do so would
add around 400 TWh p.a. to produce the 8
MT of grey hydrogen currently consumed in
the EU. Using precious renewable electric-
ity over the next decade to do so when the
hydrogen can be very largely decarbonised
using SMR/CCS, and almost certainly at far
lower cost, appears illogical unless consider-
able very cheap renewable electricity can be
produced in addition to needs for electricity
supply, transport building and industry, which
appears unlikely. Pyrolysis, producing po-
tentially zero-carbon hydrogen using a frac-
tion of the renewable electricity compared to
electrolysis is a promising technology, that
needs maturing.

For the hard-to-abate sectors where sus-
tainable fuels are likely needed as feedstock
and/or energy source in high temperature
applications in industry or for long-distance
transport applications (aviation and naviga-
tion) or as green energy strategic reserves
for periods with low wind and sun (including
the shorter Dunkelflaute), the focus might
usefully be put, in the next years, on technol-
ogy development and demonstration.

In addition to carbon neutral technologies, the
import of both renewable electricity (requir-
ing major new power lines to be construct-
ed) and renewable energy based molecules
from outside Europe should be assessed or
rolled out.
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