* K ke

*
*

. EUROPEAN
ol COMMISSION

Brussels, 14.10.2020
SWD(2020) 953 final

PART 5/5

COMMISSION STAFF WORKING DOCUMENT
Clean Energy TransitionT Technologies and Innovations

Accompanying the document

REPORT FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT AND
THE COUNCIL

on progress of clean energy competitiveness

{COM(2020) 953final}

EN EN



3.15. Renewable fuels
3.15.1. State of play of the selected technology and outlook

Renewable fuels in this document refer to liquid gadeous advanced biofuels as well as
synthetic fuels (or gas) produced from hydrogen from renewable electricity and CO2 from
the atmosphere (renewablduels and egas).

Renewable fuels are a cornerstone of the future EU energy $ystEney are necessary
where direct heating or electrification are not feasible or have higher costs. Renewable gases
and hydrogen can offer solutions to store the energy produced from variable renewable
sources, exploiting synergies between the electricity sector, gas sedtend@use sectors.
Renewable liquids can provide high energy density where space and weight limit the viability
of other solutions (e.g. loAlgaul aviation).

First generation biofuels have reached commercialisation, and increasing their deployment
raisessustainability issues that constrain their growth potential. Therefore, where possible,

this analysis sets focus on advanced biofuels. However, economic indicators are often only
available for conventional biofuels or for all biofuels in general.

Carbon cpture and use/storage (CCUS) technologies are relevant for both bioenergy
(BECCS) and recycled carbon fuels but are addressed in another chapter. While renewable
fuels also include hydrogen, which is also an important feedstock for productieluelte

they are not addressed in this section as there is a separate section on hydrogen production
from electrolysers.

Il n al l scenarios of t he aterm Hegasbiorssationrstrategyp por t
(LTS)*® (EU28), energy related consumption of biomasd waste increases from about 140

Mtoe in 2015 to about 200 Mtoe in 2030. Thereafter, demand diverges significantly to
between about 170 and 250 Mtoe by 2050 in the 1.5°C scenarios. Displayadlen26

below are the developments of various fuel needs according to the LTS.

Table26 Liquid and gaseous fuel needs identified by the LTS 1.5°C scenarios

Fuel types 2015 value Needs ir2050 Primary Sectors
Biogas 16 Mtoe 54-71 Mtoe Power, Industry
E-gas 0 40-50 Mtoe Residential heating

industry, transport

Liquid Biofuels 16 Mtoe 40 Mtoe Transport

8% powering a climat@eutral economy: An EU Strategy for Energy System Integration, COM(2020),
https://ec.europa.eu/energy/sites/ener/files/energy_system_integration_strategy_.pdf

69 Communication from the Commission, A Clean Planet for AllEuropean stagic longterm vision for a
prosperous, modern, competitive and climate neutral economy. COM (2018) 773 final
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Liquid E-fuels 0 20-41 Mtoe Transport

The models used by the European CommisSi@how there is no single fuel solution,
instead requiring multiple fuels and other energy vectors in parallel. The heavy industry relies
increasingly on @as and biogas until 2050. In the transport sector specific nodes require
different mixes of electrfation and various types of fuels. Light road vehicles in 2050 might
be powered by 80% electric and 16% hydrogen fuel cells. The priority-foel® and
biofuels lies in road freight, aviation and maritime since alternative solutions (in particular
electification) are more difficult in these stgectors. While the models do not foresee full
decarbonisation of the aviation sector by 2050, it reaches a use of 50% renewable fuels.

Similar to EU28 biomass consumption in the EU LTS 1.5C scenarios, the IBEXS B2
scenario (a global sustainable development scenario aligned with 1.75°C warming), describes
a global climate mitigation pathway in which bioenergy use doubles on a global scale by
2060. Because of global limits to sustainable biomass feedstock stygB2DS scenario

also prioritises biomass use to those sectors that are otherwise hard to decarbonise (heavy
industry and longange transport).

Figure 214 Development of biofuels in IEA 2 °C (2DS) and 1.75°C (B2DS) scenar@griftary
bioenergy supply remains the same, while the distribution of the demand varies between the two
scenarios.
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Source209IEA 20178

Capacity installed

Current installed capacity of advanced biofuel production in the EUZEB&828 tons
(230,00071 309,000 to€y° per year while another 151,900 t/y (100,00Q30,000 toe) are
currently under construction, and 1.7 Mt/y (1.1..5 Mtoe) are planned-{gure 21%®. If

waste fats and oils (FAME and HVO) are included, current capacity would be much higher

897 Communication from the Commission, A Clean Planet for AllEuropean strategic lorgrm vision for a
prosperous, modern, competitive andnelte neutral economy. COM (2018) 773 final, p. 11

9 |EA Energy Technology Perspectives 2017, pg. 323

9 Tonnes of biofuels were given by ETIP Bioenergy. Conversion to toe depends on fuel type. Range of toe
estimated by using conversion factors of bioethéh@4) and biodiesel (0.86) to toe.

"OETIP Bioenergy Working Group 2 Conversion Processes and EBFSABS2 project team, Current status
of advanced biofuels demonstrations in Europe, 20#€ps://www.etipbioenergy.eu/images/ETHR
SABS2 WG2_ Current Status of Adv_Biofuels _Demonstrations in_Europe Mar2020_final.pdf
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(6.5 Mtly)"™ However, feedstocks are still primarily conventional. Current installed
production capacity of-&uels are much smaller, around 150 toe (toe) of liqeidets around
1400 toe of egas®.

Figure 215Existing and planned EU28 prodtion capacity of advanced biofuels based on known
plant construction and projects
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Source210ETIP Bioenergy Working Groupg®?

Different fuel production processes are expected to grow at varying rates until 2030 as
displayed inFigure 216below. Particularly cellulosic ethanol (sometimes referred to as 2G
alcohol) stands out as rapidly scaling up from current capacity, but thigagsn may be
overly optimistic’®

A, O6Connell, M. Pr ud.slonza, Sustaingbke ddvarceal Biofuels Tekhaatogyi |,
Market Report, 2019.
A, 0O6Connell, A. Konti, M. Padella, M. Prussi, L.

Technology Market Report, 2019.

S ETIP Bioenergy Working Group 2 Conversion Processes and E-BFSABS2 project team, Current status
of advanced biofuels demonstrations in Europe, 2020.

94 According to JRC experts
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Figure 216 Anticipated EU28 production potential of different advanced biofuel production pathways
towards 2030 in terms of annual kilonnes produced
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Source211JRC2019% page 13

Figure 217below displays the current global capacity for advanced biofuels (except FAME
and HVO, which are already commercialised). €atrinstalled capacity of advanced
biofuels in the rest of the world is comparable to that of EU. However, planned production
capacity is likely to scale up, particularly in-poocessing of bimwils in oil refineries, where
current production is mostly ithe EU. Production capacity outside the EU is expected to
soon reach 5 times that of the EU28. Becausprooessing has relatively low CAPEX costs,

oil companies are expressing increased interest in adjusting refinery production to
accommodate for it.

A, O6Connel |, M. Prussi, M. Padel |l a, A. Konti,
Market Report, 2019, p. 13
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Figure217Existing and planned global production capacity of advancedumbplants excluding
HVO and FAME
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Source212JRC 201%*, page 8

According to the JRC Low Carbon Energy Observdfgrgfuel capaciy is currently very

limited. Nearly all existing and projected power to gas (power to methane) plants as well as
power to liquid (power to methanol) installations are in the EU28 with the exception of a few

in Switzerland. There are 11 power to methaneitplan the EU equalling a combined
capacity of 7MW (1440 toe) of methane, but this could increase to 16MW (3300 toe) if all
planned and announced plants become operational. Power to methanol capacity is nearly 800
kW (165 toe) and @wer to liquid plants (gtrol, kerosene, diesel) in the EU currently amount

to 150kW (31 to€ye.

Cost, LCOE

By 2030 to 2035, production costs of advanced biofuels are expected to decrease as learning
effects and innovation progress due to the expansion from a currently limited number of
commercial plants as well as some upscaling of individual plaigare 218elow provides

current costs ranges and estimates of expected cost reductions. Particularly ethanol produced
from advanced (lignocellulosic) feedstockaxpected to make large improvements180
EUR/MWh is roughly 2233 EUR/GJ, which would be comparable to current costs of ethanol
produced with conventional feedstock. On the other handpibiprocessing costs are
expected to experience only very mimmst reductions, remaining one of the most costly
processes.

A 06 IC MnPRrussi, M. Padella, A. Konti, L. Lonza, Sustainable Advanced Biofuels Technology
Market Report, 2019, p. 8.

07 JRC 2020, Low Carbon Energy Observatory, Wind Energy Technology Development Report 2020,
European Commission, JRC120709

A, 06 Co rkond,IM. Padeka, M. Prussi, L. Lonza, Advanced Alternative Fuels Technology Market
Report 2018.
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Figure 218 Expected medium term (1 yr.) cost reductions of advanced biofuel production as
successors to existing plants are built and plant size scales up

Source213IEA 2023

The cost of liquid duels are also expected to decrease significantly by 2030 -&8 44
EUR/GJ compared to current cost of-BS EUR/EJ™. IRENA and DENA estimate costs
will reach 11.5 EUR/litre in 2030 compared t8-5 EUR/litre today as scaling up of
hydrogen production and CO2 capture technologies reduce overall'cbggsire 21%elow
illustrates this developmé

The most cosefficient production of duels is expected to be reached outside of the EU, in
countries where hydrogen production and CO2 capture are expected to benefit from optimal
solar and wind conditions. Thus, imports could possibly fall to 2BR&J by 2030.

"|EA Bioenergy, Advanced biofuelspotential for cost reduction, 2020

"9 JRC, State of the Art on Alternative Fuels Transport Systems in the Europearipdiaste 2020

"1 Dolf Gielen, Gabriel Castellanos, Kilian Crqfibe outlook for Powerfuels in aviation, shippir2020.
https://energypost.eu/trmutlook-for-powerfuelsin-aviationshipping/

293



Figure 219 Potential cost of duels in 2030
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Source214Gielen et al. 20262

R&l

Public & Private R&I funding

In the past private funding has been much higher than public funding bfFRfure 220
below compares the public and private investments in biofuels until 2014 within the EU28.

Figure 220 Current deviepment of investments in biofuels in the EU

Source215JRC 2019", page 5

Recently EU investments in biofuels have decreased, falling in 2018 to below 2005“evels

In 2018 the global R&l investments to biofuels were EUR Hillkon, approximately 80%

from government fundingf. The EEA describes this development as likely due to the
saturation of 1st generation biofuel capacity as well as high cost of advanced biofuels and

"2 Dolf Gielen, Gabriel Castellanos, Kilian Crone, The outlook for Powerfuels in aviation, shipping, 2020.
https://energypost.eu/the -outlook-for-powerfuels-in-aviation -shipping/

A O6Connel |, M. Prussi, M. Padell a, A. Konti,
Market Report 2019, p.5.

"“Ejonet Report ETC/CME 2019/8

"> Ejonet Report ETC/CME 2019/8
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uncertainty in policy development. However, global stweents in biofuel capacity have also
dropped by 64% from 2017 to 2018, amounting to EUR 405 bilfioBU investments in
biofuel capacity were EUR 84 million in 2018 compared to EUR 337 million in tHE.US

Patenting trends

From 2004 until 2014, the EU2tas been the leading patent developer in high value
inventions related to advanced biofuels as can be séagure 221below. More recent

figures were not available for this report.

Figure 221 Development of high value invemt®orelated to advanced biofuels in leading countries

Murmber of high value inventions

Source216JRC, 20198

Publications / bibliometrics

EU28 institutions accounted for 1000 studies or roughly 35% of the scientific literature on
advanced biofuels between 2016 and September 2020. Leading with 1098 studies (38%) was

the US. China followed the EU with 316 studies. The total number of studgedden
relatively constant during the nearlyyBar period, averaging roughly 340 studies annually,

andFigure 222shows the geographic distributiéf.

716

Frankfurt SchoelUNEP, Global Trends in

Renewable

Energy Investment, 2019.

https://wedocs.uneprg/bitstream/handle/20.500.11822/29752/GTR2019.pdf?sequence=1&isAllowed=y

"7 values converted from USD based on exchange rate of European Central Bank on 15/09/2020 (1EUR =

1.1876 USD)

A, O06Connell, M.
Market Report 2019, p.7.

"9\Web of Science, 2020:

Prussi, M.

P aAdvaricdd eBiofuels Techikalogyt i ,

https://wcs.webofknowledge.com/RA/analyze.do?product=WOS&SID=E6pWBx18Vuae7bU66PW&field=

CU_CountryTerritory_CountryTerritory_en&yearSort=false
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Figure 222 Geographic distribution of the scientific literature on advanced biofuels from 2016 to
2020 based on fiWeb of Scienceodo datab
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Source217 Data compiled from Web of Science, 2620

3.15.2. Value chaimanalysis

The status of value chains depends on the conversion pathway considered to process various
feedstocks into finished fuels. These conversion pathways and the associated finished fuels
can be seen in the table below. There are often several popatitiaays based on various
feedstocks that can lead to the same finished fuels.

"ibid
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Table27 Conversion pathways and advanced biofuels produced by them

Conversion pathway Acronym Advanced biofuel produced
1. Enzymatic hydrolysis and fermentation 26 alcohol 26 ethanol, 2G butanol,
2. 2G alcohol catalysis (ETD, AT), MTG) 2G catalysis Diesel, jet, gasoline
3. Aqueous phase reforming (APR) of 2G APR Diesel, jet, gasoline
sugars with catalytic upgrading
4. Aerobic fermentation of 2G sugars S20 Diesel, jet, gasoline
5. Anaerobic digestion (AD) with pre- Pretreat+AD Blomethane
treatment
6. Gasification with Fischer-Tropsch Gasif+FT Biomass-to-liquids (B1L) fuels
7. Gasification with methanation Gasif+SNG Synthetic natural gas (SNG)
8. Gasification with syngas fermentation Gasif sferment Ethanol, isobutene
9. Gasification with catalytic synthesis Gasif+alcohol Methanol and other alcohols
10. Fast pyrolysis with catalytic upgrading Pyrolysis Diesel, jet, gasoline

11. Hydrothermal liquefaction (HTL) with  HTL Diesel, jet, gasoline
catalytic upgrading
12. Transesterification of residual/waste FAME Fatty acid methyl ester (FAME)
oils and fats bodwesel
13, Hydroprocessing of residual/waste oils  HVO Hydrotreated vegetable oils
and fats (HVO) diesel, hydroprocessed

renewable jet (HRJ)

14. Co-process of residual/waste oils and Co-process Hydrotreated vegetable oils
fats (HVO) diesel, hydroprocessed

renewable jet (HR))

Ty

Source218JRC 2018, page 2

Turnover

The EU27 biofubks industry turnover was EUR 14 billion in 2017 as showifrigure 223
below? This includes only bioethanol and biodiesel, which currently rely mostlyst
generation feedstocks. These are already fully commercialised as opposed to much of the
advanced biofuel feedstock and production pathways. For most advanced biofuels, turnover
estimates are not available. The JRC Low Carbon Energy Obsef#astiyrates an annual
revenue of EUR 21 Million from pyrolysis edlased diesel, jeétiel and gasoline (using wood

and strawbased feedstocKsf.

1A 06 Conn e IM Padeld, A. Iontiuls Lomza, Sustainable Advanced Biofuels Technology Market
Report, 2019, p.2.

22 Data compiled by Statistica 2020 based on the 14th to 19th European Observer Reports.

2 JRC 2020, Low Carbon Energy Observatory, Wind Energy Technologgel@®uent Report 2020,
European Commission, JRC120709

A, O6Connell, M. Prussi, M. Padella, A. Konti,
Market Report, 2019.
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Turnover in million EUR

Figure 223 Turnover of biofuels industry in the EU27

Development of liquid biofuel turnover in EU27
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Source219COM, 2020+

Gross valueadded and growth

In 2017 the EU27 bieconomy employed around 17.5 million people and generated

approximately EUR 614 billion of value added, therefore representing around 8.9% of the
EU27 labour force and generating 4.7% of tB&27 GDP. Biofuels (bioethanol and
bi odi esel)

added of biofuels has grown by 38%Figure 224displays the development in gross value

represented

added by bioethanol and biodiesel since 2008.

2 pData compiled from COM, Bioeconomy, 2020,
https://ec.europa.eu/knowledge4polligeconomy/topic/economy_en
28 Data compiled from COM, Bioeconomy, 2020,
https://ec.europa.eu/knowledge4policy/bioeconomy/topic/economy_en
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Figure 224 Liquid Biofuel value added growth in the EU27

Development of the biofuel value added in the
EU27 2008-2017
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Source220COM Bioeconony’

Number of companies in the supply chain, incl. EU market leaders

There are approximately 40 companies within the EU with advanced biofuel facilities in
production, under construction or planned. Since current facilities are limited and future
capacitiesof planned facilities are not always known it is difficult to estimate who market
leaders are. Also, current conventional biofuel production is commercialised, largely
outscaling current advanced biofuel capacity. Therefore, market leaders for advafnoeld bi

are not the same as for conventional biofuels, where companies such as Neste play a leading
role.

The ETIP Bioenergy has surveyed the existing and planned demonstration projects for
advanced biofuels including company, production capacity andugtiod pathwayFigure
225 below displays the cumulative capacity data by company, published by ETIP

Bioenergy?®

"?"Data compiled from COM, Bioeconomy, 2020,

https://ec.europa.eu/knowledge4policy/bioeconomy/topic/economy_en

"8ETIP Bioenergy Working Group 2 Conversion Processes and EBFSABS?2 project team, Current status
of advanced biofuels demonstrations in Europe, 2020.
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Figure 225Total existing and future output capacity of companies in the EU with existing or planned

advanced biofuel plants

letal advanced biofuel production capacity of companies in the EU for plants that are operational, under

construction and planned (in tonnes based on known figures compiled by ETIP Bioenergy)

e cons et panne

Source221 Data compiled from ETIP Bioenergy, 2020

From this survey it is possible to extract the following essest:

T

According to both current operational capacity and planned installations UPM
Biofuels is the leading producer of advanced biofuels in the EU, currently producing
130,000 t/y of HVO from tall oil and planning to add a facility producing 500,000 t/y.
BioMCN (65,000 t/y methanol from FAME) and Fortum (50,000 t/y pyrolisis oils)
have the next highest operational capacities;

Once construction is completed, Clariant will have the largest capacity for ethanol
production in the EU (50,000t/y from agricutiliresidues);

If planned facilities follow through, Enerkem could achieve the second largest
advanced biofuels capacity in the EU with a potential capacity of 485000 t/y in
gassication produced methanol. This includes a joint venture with Suez for @65,00
t/y as well as a joint venture with Air Liquide, Nouryon, Port of Rotterdam and Shell
for 220,000 tly;

However information on other planned facilities such as from Total is unavailable so
that it is not possible to predict potential market leaders ine¢he future;

Also it is important to note that, while the total operational capacity of Stl is only
14,000 t/y and planned additional capacity is 120,000 t/y, Stl operates the most
existing cellulosic ethanol plants in the EU. Five 1000t to 7000t plaatdistributed

"2 ETIP Bioenergy Working Group 2 Conversion Processes and E-BFSABS2 project team, Current status
of advanced biofuels demonstrations in Europe, 2020.
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throughout Finland and Sweden, while three more residue base ethanol plants are
planned for Sweden and Norway, each with 40,000t/y capacity.

Employment fiqures

According to IRENA, liquid biofuels employs 208,000 people in the EU28 whigasi
employs 67,000 people. Direct and indirect employment have grown in the past decade,
reaching 248,000 jobs in 2018 as showkigure 226 Additiond jobs occur in the upstream
agricultural and forestry sectors. It is unclear how many of these jobs are linked to advanced
as opposed to conventional biofuels. Likewise, no data is available for employment-n the e
fuels sector.

Figure 226 Development of biofuel jobs in the EU28

Number of direct and indirect jobs generated in the biofuels industry in the European
Union (EU-28) from 2013 to 2018
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Source222 Statistica 2020

Productivity (labour and factor)

Employees of the EU27 biofuels industry (bioethanol and biodiesel) generate an average
annualvalue of EUR 157 thousafit.

ProdCom statistics

"%bata compiled from COM, Bioeconomy, 2020,
https://ec.europa.eu/knowledge4policy/bioeconomy/topic/economy_en
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Netexport values of the EU28 have been highly variable in recent years. The EU28
generated a natxport value of EUR 38 million for biofuels in 2018. By comparison, the
EU28 had a net deficit of EUR77 milion in 2017 and EUR118 million in 2016. In 2015

the netexport value was almost double that in 2018, with EUR 65 million. The U&8xpeirt

values of biofuels far exceed the EU28 or any other country, having achieved an average net
value of EUR 1.5 biion for the period 2012018,

3.15.3. Global market analysis

Trade (imports, exports)

The net consumption of bioethanol in the EU is slightly larger than the production, resulting
in a net import Figure 227. Domestic bioethanol production has levelled off and declined
due to higher costs as advanced (cellulosic) feedstocks increasingly replace conventional
feedstocks. Since the COVAD® pandemic, the prodtion has also declined due to reduced

fuel demand.

Figure 227 EU28 Consumption, Production, Import and Export of Bioethanol
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Source223USDA 2020732

Although the EU28 is the largest producer of BiodieSAIME and HVO fuels, consumption
exceeds this production slightly, requiring net impofgre 228. The demand is less
impacted by the COVIEL9 pandent, since these fuels are more relevant for heavy duty
vehicles as opposed to light weight passenger vehicles.

https://lwww.eurobserer.org/onlire-database/
32 Foreign Agriculture Service, United States Department of Agriculture (USDA), Biofuels Annual, 2020.
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Figure 228 EU Consumption, Production, Import and Export of Biodiesel, FAME and HVO (here
Biodiesel & HDRD)
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Global market leaders VS EU market leaders

For several advanced biofuel pathways, a comparatively high percentage of companies and in
some cases production facilities are located within the EUZ8gase 22%elow. For these
technologies, this may be an indicator of technological and competitive advantage for further
development within the EU.

Figure 229 Advanced biofuel companies and plants in the EU28 compared to rest of world as
indicators of EU market share

% ofall companies % of all plants in
Advanced Biofwel Pathway - EU market share v RoWr inthe world bazed  the world based

inEW inEJ
206 Alohol Catalysis 33 I
Aguenus phase reforming [AFR) of 2G sugars with catalvtic upgrading 0 1]
aarpbic fermentation of 25 sugars 50 30
Smaerobic digestion |AQ) with pre-treatmeant T3 59
Gasification with Fischar-Tropsch i 33
Gasification with methanation b= 100
Gasificatinn with syngas ferrmentation n n
Gasification with catalytic syrthesis 44 e
Fast pyrdyiic with catalytic upgrading a3 25
Hydrathermal liguefaction (HTL) with catalytic uporading 7] &

Source225JRC 2018*

However, comparing existing and planned capacity is a furthécaitnoh of current and
future market position. While advanced biofuel production pathways are at various stages of
development, the following already produce more significant amounts of fuels:

1 enzymatic hydrolysis and fermentation;
1 co-processing;

733 Forelgn Agriculture Service, United States Department of Agriculture (USDA), Biofuels Annual, 2020.
YA O6Connel |, M. A. Konti, 4 slionza, $ustainBote dAdviaricend ,Biofuels Technology
Market Report, 2019, p.10.
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1 FAME andHVO from advanced feedstocks.

Currently, the EU28 is market leader in Biodiesel, FAME, HVO andpf@oessing.
However, these are dominated by conventional biomass feedstocks and relevant waste
feedstock is limited, therefore a slight reduction in FAMazaty is expected in the EU, as

can be seehigure 230

Figure 230Installed and planned capacity of FAME and HVO biofuethéEU compared to rest of
the world

Installed and planned capacity of the EU and Rest of the World
for FAME and HVO biofuels

Annual Capacityintonnes

Row EU RowW

UUUUUUU FAME HVO
biofuel process type

N installed M planned

Source226data compiled from JRC 2079

The EU may also lose market leadership irpoacessing in the future as the rest of the world
plans to add capacity. This is apparent belowigure 231 which compares the installed and
planned capacities for advanced biofuel processes in the EU28 and the rest of the world. The
figure also displays #t there is little to no existing capacity for several of the advanced
biofuel processing technologies, since they are at early stages of demonstration.

Planned capacity for the EU28 indicates achieving a potential head start in hydrolysis as well
as gasification with Fischéfropsch and gasification with catalytic synthesis.

" Data compiled fromA. O6 Connell, M. Prussi, M. Padella, A.
Biofuels Technology Market Report, 2019.
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Figure 231Installed and planned capacity of advancéafiels in the EU compared to rest of the
world

Installed and planned capacity of the EU and Rest of the World for different advanced biofuel
production pathways
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Source227 data compiled from JRC 201%

Since efuels are less developed, a market does not yet really exist. However,-funett e
companies and plants are in the EU as well as 8B%e efuel development projects. The
EU is also a pioneer in the field of power to methanol, which typically uses CO2 from
biogag®”.

Critical raw material dependence

E-fuel production depends on availability of renewable hydrogen and renewable igfectric
Therefore, any critical raw material dependencies are in the technologies producing
renewable electricity and hydrogen, which those sections of this report cover.

Advanced biofuels are not dependent on any of the critical raw materials presegiteerin

the 2020 Commission communication or Foresight Study on critical raw materials.
Particularly since they can also be produced throughout the EU and the rest of the world, this
gives them a strategic advantage over other technologies. It is thgvegsible to reduce
foreign dependency through local and regional value chains.

3.15.4. Future challenges to fill technology gap

Reaching the expectations of LTS 1.5°C scenarios by 2050, requires dramatic scaling up of
renewable fuel production. Advanced biofwalpacity would have to expand from 1.8 Mt
capacity today to roughly 40 Mt capacity by 2050 to reach amounts achieved in EU LTS
scenarios. This requires largeale demonstrations and commercialisation of several

®Data compi | eGbnndlrM Prussi,M. Paefla, A. Konti, L. Lonza, Sustainable Advanced
Biofuels Technology Market Report, 2019.

“A. O6Connell, A. Konti, M. Padella, M. Prussi, L.
Report, 2019.
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production pathways by 2030. Similarlyfieel production would need to rapidly advance
from slightly over 1000 tons to nearly 40 Mt production capacity by 2050. To achieve this
FOAK plants, demonstrations and commercial expansion are necessary within the next 30
years.

However, the production ofdaanced biofuels is limited by the availability of a sustainable
feedstock. The Renewable Energy Directive aims to ensure that biomass is produced in a
sustainable way, and therefore conventional biomass contribution is capped to avoid direct
competition vith food production and sustainability criteria are established to prevent land
use changes or degradation and harm to biodiversity. Upholding these criteria also implies
that there is a limit to the potential for scaling up biomass in a sustainablet\whag. been

highly debated what amount of sustainable biomass is available in the EU. On a global scale,
the IEA considers this (including waste, residues and designated feedstocks) to be roughly
140 EJ (3,300 Mtoe). The EUTS implies an availability betvan 150 and 250 Mtoe within

the EU28. Given the inconclusiveness regarding sustainable supply, the LTS prioritises the
use of biomass for those areas where electrification is not feasible,-falets eare too
expensive.

Sustainable feedstock supply will teéore be an increasing challenge. To help address this
challenge, R&l can contribute to integration of advanced biofuel feedstock with other land
uses (e.g. agroforestry systems) as well as using feedstock to improve soil conservation and
remediate degrad land. In this way, it may be possible to increase sustainable feedstock
supply while contributing to other sustainability goals, such as soil conservation and
improved rural soci@conomic conditions.

However, a foreseeable challenge might also beptttential supply chain competition
between sectors as well as within the biofuels sector. The 2018 updated EU Bioeconomy
Strategy suggests a potential increase in demand in biomass. One of the objectives of the EU
Bioeconomy Strated$? is to increasingly nglace fossHbased materials and chemicals with
bio-based products. To reduce pressure on biomass resources, circularity is central to the
Bioeconomy Strategy, as it is the renewable segment of the circular economy. The
Bioeconomy Strategy also recognisesological boundaries to bioeconomy and aims to
improve understanding of these boundaries and optimise resource use.

E-fuels are also limited by the availability of electricity as well as hydrogen, both of which
will face increasing demand from other s#st To address this challenge, key measures
include improvements in energy efficiency and scaling up of renewable energy resources as
well as hydrogen electrolysers and transport infrastructure.

One of the greatest challenges is the speed with which adheviuels must scale up to
achieve 2030 and 2050 emission targets, particularly for aviation and shipping sectors. This
means scaling liquid biofuels from 16 Mtoe up to 40 Mtoe within 30 years, while shifting
from conventional to advanced feedstock anodpction pathways. More dramatically, the

LTS implies scaling up-&uels from a negligible amount today up to-40 Mtoe also within

30 years. Investments and reforms in Recovery and Resilience Plans of Member States, as
well as stronger policy incentivesay help give more speed to this transition.

738

https://ec.europa.eu/research/bioeconomy/pdf/ec_bioeconomy_strateqy 2018.pdf#view=fit&pagemode=no
ne
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Related to this are the challenge of reducing investment and operating costs. While various
advanced biofuel production pathways have reached demonstration level, high investment
and operating costs remain a foar Largescale demonstrations can help address this
challenge by increasing experience and reducing operating costs. Increased public financial
support for R&D can also help to reduce private investment risks. Yet, even with these
measures, costs willikely remain higher than conventional biofuels and fossil fuels.
Levelling the playing field will likely require stronger policy incentives.

While production capacity developments indicate the EU will likely remain a market leader
in specific fuel pathwaysuch as HVO, FAME as well as ethanol production from hydrolysis
and fermentation, there are other key pathways where the EU risks falling behind the rest of
the world. These include pyrolysis oil, aerobic fermentation and HTL, all of which are key
pathwas for jetfuel. This could imply a further challenge to supply security as well as the
speed at which it is possible for the aviation sector to decarbonise. To address this challenge,
it may help to focus R&lI priority on production pathways that yieldsfsaited for such key
sectors over those that primarily provide fuel to sectors with potential alternative solutions
such as electrification or hydrogen.

3.16. Solar thermal power
3.16.1. State of play of the selected technology and outlook

Solar thermal electric or ogentrating solar power (C3PB plants generate electricity by
converting solar energy to heat, which is then used to generate electricity in a thermal power
block. When combined with a thermal storage system, CSP provides dispatchable, renewable
electricity. CSP plants require high levels of steady, direct normal insolation (DNI > 1900
kwh/m2/year). This limits the range of potential locations in the first instance. Only
southernmost Europe offers suitable (but not good) locations. European organisaions ar
leaders in R&D and engineering for CSP systems. Growth of the sector worldwide can
support EU jobs and promote economic growth.

Concerning the role of CSP in the EU energ
scenarios uses a single solar technologggmy for electricity generation, covering both PV

and CSP. The cost assumptions imply that the solar power capacity in the scenarios is almost
entirely covered by PV. On the other hand,
capacity to use sted thermal energy to generate power after sundown has not been not taken

into account up to now. In the Low Carbon Energy Observatory project the JRC used a more
technologyrich model to look at the possible impact of individual technology and cost
developments in Europe. Although the baseline scenario shows no CSP uptake, a pro
renewabl es scemlaan® saonanari oi,SEmMher e all tech
cost reduction targets, show the CSP capacity growing to over 100 GW by 2050.

The two mapr designs used today are parabolic trough power plants and central receiver or
power tower systems. CSP systems comprise the following main elements: solar field
(reflectors and receivers), a heat transfer and storage system, and-tbezlaealric power

39 Solar thermal electricity (STE) ialso known as concentrated of concentrating solar power (CSP). In
principle STE also includes naroncentrating solar technologies, of which the solar chimney (the solar
updraft tower concept is the main example). The term CSP also covers generatidar ¢feab for
industrial processes.
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conversion unit. CSP plants are rated in terms of the maximum power output in MW (AC
electricity output). The annual load capacity factor for a commercial plant without storage is
approximately 27% but can be made much higher by increasing the sizesoldhfield and
adding thermal storage to allow operation also after sundown. Indeed thermal storage is
increasingly the key selling point for CSP technology. The current generation of plants with
150 MW rating and 10 hours storage offer a storage agpac order of magnitude above

large battery units, and at about 50% less cost per MWh. From an environmental perspective,
water consumption is comparable to fossil thermal power plants, babdiyng CSP designs

are under development. Life cycle an&ysf GHG emissions leads to low values, typically
below 40 gCO2eqv/kWh.

CSP can be combined with other power generation technologies, either foassitaed

power generation or in hybrid configurations. There is interest for combining CSP with a PV
field to support the ancillary power requirements in daytime. CSP can also provide heat for
industrial processes. Fuel synthesis is a further option, as demonstrated by EU supported
projects on thermochemical splitting of H20 and CO2 into hydrogen andncardmoxide.

Capacity installed, generation

The current worldwide capacity of CSP power plants is approximately 5.6 GW, with only a
marginal penetration in the global electricity market. There are 83 operational plants in 11
countries. The IEA envisagesmodest role for CSP in the lotgrm, with installed capacity

rising to 60 GW by 2030 and 267 GW by 2040 under its sustainable development scenario.
The main markets are expected to be in the Middle East anePAsific regions, particular

in China andndia. The EU market is limited; by 2050 installed capacity would amount to 14
GW, providing about 1% (45 TWh) of its electricit{ The IRENA ReMAP analysis is more
ambitious*, with a 2050 scenario including 633 GW of CSP (contribution 3.7% of
electricitygeneration).

In the EU27 current capacity is 2.4 GW. Spain has approximately 45 plants of 50 MW size,
which were installed in the period 20@913 until a change in Spanish government policy
halted further developments. The National Energy and Climate Plans (NECies}arnsl2

GW of new capacity by 2030 (the total installed capacities would then be Spain, 7.3 GW,
Italy 0.88 GW, Greece, 0.1 GW, Cyprus, 0.05 GW, Portugal, 0.3 GW).

40|EA World energy Outlook 2018
"1 RENA (2018), Global energy Transformation: A Roadmap to 2050, IRENA, Abu Dhabi
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Figure 232 Annual CSP capacity additions and country breakdown
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Source228 NREL/SolarPACES data base and JRC analffsis

Cost, LCOE

CAPEX for CSP plants has fallen by over 50% in the last 10 years. The value for a large
plant (100 MW or larger) with 8 hour storage is currently about 6 EURMMW. Both the

SET Plan and US research programmes recognise that this needs to come down to the level of
3 EUR million/MW. CSP technology has significant scope for improvement in all areas: the
solar field, the power block, higiemperature higher aeiency power cycles and thermal
storage. However, with very modest global market growth, it remains a challenge to develop
volume production processes to drive down costs, as has happened for other renewables. This
is all the more critical as the deploymef a new generation of large battery storage units

with capacity of hundreds of MWh is already underway in Australia and the US. Such plants
may compete with CSP as providers of dispatchable electricity.

| RENAGs LCEO esti mat e sy 1800USD/MWNh] &hd racers aucign® r o X |
suggest that this can be halved for plants currently in construction in favourable locations. As
mentioned above, LCOE may not however fully reflect the market value of dispatchable CSP
electricity.

"2 Taylor, N., Solar Thermal Electricity Technology Development Rep@eliverable D2.3.3 for the Low
Carbon Energy Observatorfeuropean Commission, Ispra, 2020, JRC120955
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Figure233LCOE trend for CSP plants
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R&l

Public R&I funding

Based on IEA data and JRC analysis, public funding is in the range EWB0AD (excluding
China). The main declared contributors in 2016 wé$ Australia, Germany, Switzerland,
France and Denmark. In terms of time trends, funding saw a substantial increase around
20082010, followed by some levelling off and even a decreasing trend more recently.

Private R&I funding

Patent data provides afternative route to assessing R&D investments made by public and
private organisations (albeit with a 3 to 4 time lag given the process for processing
applications). The JRC analysed data from Patstat (European Patent Office) for the period
2000 to 2016. For the EU28 this data indicates private/public innovation investments of
approximately EUR 300 million in 2014. Compared to the values reported above for publicly
funded R&D, the data suggests that EU private/industrial organisations are making
investmens of the order of EUR 200 million per year. It remains to be seen whether the

43 |RENA (2020), Renewable Power Generation Costs in 2019, International Renewable Energy Agency, Abu
Dhabi.
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declining trend is confirmed by more recent data, or whether it has stabilised, aided by the
latest market developments. For China, the estimates are considered to contaimialibst
uncertainties, also in view of significant yeaaryear fluctuations. Nonetheless they confirm

that Chinese organisations are making substantial investments in STE technology, as in all
forms of clean power generation, and can be expected to costqmetgly with European and

US firms in the international market in the coming years.

Patenting trends

This analysis looked at the Patstat (European Patent Office) data for the period to 2016.
Overall filings grew strongly over the last decade and aeelevel of about 2500 per year.

The main application areas are the generic solar thermal energy category, heat exchange
systems and mounting and tracking. In terms of the global regional breakdown for 2016,
considering all patent family applications @&iis dominant with an 82% share. In contrast,

the EU28 is |l eader with a 37% share for Ahi ¢
patent office).

Publications / bibliometrics

Approximately 300 research articles (excluding reviews, books, cofegoceedings etc)

are published on CSP annualligure 235shows the geographical breakdown in terms of
author affiliation for the previous five yeai(2015 to the present) according to a search
performed with the Clarivate Web of Science search tool. It identified 1811 articles, and
organisations from EU28 countries are involved in 47%. The US is also a leader in this area
and there is a significanfand increasing) contribution from China The most prolific
organisations include the US DoE, DLR, the Helmholtz Association, CNRS, Chinese
Academy of Sciences and the University of Seville. The most frequent topics include thermal
heat transfer and thermstbrage.

A separate analysis in Scopus of the 20 most cited articles for the same time period found that

EU28 organisations were involved in 40%, the US in 15%, China in 10% and other countries
in 50%.
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Figure 234 Regional breattown of patent families for 2016 for all patent family applications (2761)
and high value applications (138) submitted to multiple patent offices.
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Source230JRC analysis of PATSTAT data

Figure 235Geographic distribution of the tep0 countries with organisations that published
CSP research articles (excluding reviews) from 2015 to the present
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Source231JRC analysis using Clarivate Web of Science search tool
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3.16.2. Value chaimanalysis

Turnover

TheJRC estimates the 2020 global market at : approximatley EUR 3 billion. This is

consi

stent W i

t h

t he

assessment

of

Resear chAn

projected to grow from an estimated USD 3.5 billion in 2020%® 7.6 billion by 2025, at a

CAGR of

Number of companies in the supply chain, incl. EU market leaders

16. 4%

from 2020

to

20250

Leading CSP technology companies CSP include Abengoa (Spain), BrightSource Energy
(US), Aalborg CSP (Denmark), Supcon Sd@lhina), TSK Flagsol (Germany), , Cobra
Energia (Spain), Torresol Energy (Spain), Acciona Energy (Spain), Siemens (Germany).
EnerT International (Israel), Flabeg FE (Germany), Ingeteam Power Technology (Spain),

Rioglass (Belgium), Sener (Spain).

The Euppean trade association ESTELA lists 49 organisations with activities are spread over
9 EU27 countries and a strong Spanish presence.

Table28 Companies listed in in the ESTELA European solar thermal industry directory

Aalborq CSRA
Abengoa
t TEG
ATA I nsNght
ATA Renewables
BASF ESPANOLA
CENER
CMI sa- BU SOLAR
CSP Services GmbH
DLR

Eastman ChemicalTheminol
Products

ECILIMP TERMOSOLAR
Empresarios Agrupados
ENEA
Enel Green Power
ENGIE

Exera Energia Srl
Fichtner GmbH 8 Co. KG
Fraunhofer ISE
Grupo Cobra
IA Tech GmbH

IK4 TEKNIKER
IMDEA Energy
Innogy SE
Kraftanlagen Minchen GmbH
LEITAT Technological Center
Meteo
NEMATIA Technologies, SL
PROMESCNRS
Protarget AG
PSA CIEMAT
Rioglass
ROBA Piping Projects

sbp sonne gmbl
JENER
SENIORFIEXONICS
Seried Consultores S.I.
Solarlite CSP Technology GmbH
SQM International N.V.
SUAVAL Group
Suntrace GmbH
Tecnalia Research & Innovatiory
The Cyprus Institute
The Dow Chemical Company

TSK Flagsol Engineering GmbH

Universidad Carlos 11l de Madrid
VIRTUALMECH

Wacker Chemie AG

Employment figures

IRENAéL?ports that the CSP provides 34,000 jobs, of which approximately 5000 in
Europe™.

"4|RENA Renewable Energy and JabAnnual Review 2019
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ProdCom statistics

There is no Prodcom code that specifically addresses CSP plants. This probably reflects small
size of the market and that it involves a mix of technologies and components: reflectors, solar
absorbers/receivers, heat transfer & storage equipment, steam boilers and the steam turbine &
generator sets.

3.16.3. Global market analysis

Trade (imports, exports)

No detailed data on trade for CSP equipment and services has been located up to now.
However, in terms of the global annual market it is likely that trade represents a sginifiant
share (>50%) since most projects are developed in countries other tharoftlibeemain
suppliers (EU, China)

In its input paper to the Strategic Research and Innovation Agenda of the Clean Energy
Transition Partnership for Horizon Europe, the EU CSP industry foresees a conservative 50%
share in the future developments up t@@0Given the IEA estimate of 60 GW worldwide
installed to that year, this could mean a business market of around EUR 100 billion.

Global market leaders VS EU market leaders

EU27 companies have traditionally been leaders in all aspects of CSP techaralqgyject
development. A recent trend is the emergence of Chinese organisations as international
project developers (e.g. Shanghai Electric) and technology providers (e.g. Supcon Solar).

Critical raw material dependence

CSP plantsdo notuse (ornotgni fi cantly wuse) materials frol
list 2020.

3.16.4. Future challenges to fill technology gap

The EU is well positioned in the solar thermal power market. However, the market potential
of the CSP technology appears still untappegeeslly considering the high number of
possible applications.

There are a wide range of options for decreasing costs and improving the performance of
CSP plants. The solar field (comprising the reflecting systems themselves and the ground
works) accourg for approximately 40% of CAPEX and is an obvious target for cost
reductions. Indeed a recent US anaffsgees potential for saving 44% of solar field costs,
14% of power block costs, 23% with a higher efficiency cycle and 19% with low cost thermal
storaye.

"pProdCom item 841919 fl nst an t-elettdcoexd. ingtantangdugasawpter wat er
heaters and boilers or water heaters for central he
748 3A. Shultz, Concentrating Sotihermal Power Introduction, US DOE Solar Energy Technology Office
2020 Peer Review (available via https://www.energy.gov)
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Ultimately, higher working fluid temperatures and heat storage density are needed to raise
efficiency. CSP is uniquely placed to provide high input temperatures in the solar receiver,
but use of molten saliased systems may be limited by corrosionbfgms with high
temperature ternary salts. Hence the interest in various air, supercritical CO2 or liquid metal
concepts, coupled with high temperature and economic heat storage methods. The following
H2020 projects are exploring such conc&pts

1 NEXTOWER @Q0172020) is working on a high temperature ceramic solar receivers
with a maximum materials temperature of at least 800°C, to be exploited with a
molten salt or liquid lead heat transfer and storage system;

1 SCARABEUS (20122023) is working on supercriat CO2 cycles with a maximum

temperature of up to 700°C;

CAPTURE (20152020) studies an air receiver concept intended to operate &C1200

NEXT-CSP (201&2020) aims to demonstrate a particigube heat transfer concept

with a 4 MWith receiver on th&éhemis facility solar tower, capable to heat particles

up to 800°C;

1 POLYPHEM (20182022) studies a high temperature air receiver supplying a -micro
gas turbine top cycle; recovered heat is stored in a thermocline and used in an ORC
bottom cycle.

= =

Bringing innovative concepts to a commercial level remains a major challenge. For instance,

the solar thermal power sector uses different kind of turbines for producing electricity: steam
turbines, gas turbines, and more recently, turbines working on superc@it@@lcycles

(having increased efficiency, compared to steam turbines). The main parameters to consider

to orient the turbine choice are the expected maximum temperature which can be achieved by
the working fluid in the plant and the required power capa@ften these turbines are not
iofthdshel f O products but custom made turbines
the solar thermal power sector are still R&I target in the EU and USA (e.g. supercritical CO2
cycles).

The SET plan CSknplementation plan sees first-a-kind plants as essential to allow full

scale demonstration and create investor confidence. Such projects could apply to the new
Innovation Fund or for Recovery Funds. Finally, standardisation is also important fal critic
components and for installation qualification. EU organisations should be encouraged to
continue to support efforts at international level

3.17. Smart Grids"*®1 Digital infrastructure "*°
3.17.1. Smart Grids in the energy transition

Smart energy networks, especiallgmart electricity grid, have a fundamental enabling role

to play in the energy transition. Europeds
between electricity producers and consumers with great success for many decades. The
fundamental architegre of these networks has been developed to meet the needs of large,
generation technologies, located remotely from demand centres.

"7 Taylor, N., Solar Thermal Electricity Technology Development Rep@eliverable D2.3.3 for the Low
Carbon Energy Observatory, Europggommission, Ispra, 2020, JRC120955

8 |n this document Smart Grids is considering the traditional grid as part of it

91n this document Digital infrastructure is considered as including both the hardware and software elements.
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However, in recent times, environmental and energy challenges are changing the electricity
generation landscape in Europaedabeyond. The drive for lowararbon technologies,
renewable energy sources (RES), combined with greatly improved efficiency on the demand
side, will enable consumers to become much more-augve with the networks. More
customercentric networks arehe way ahead, but these fundamental changes will impact
significantly the network design and control.

The analysis which underpins the Commission
Al "f° shows that a very important single driver for a decarbonisedyersystem is the
growing role of electricity which will be mostly generated by renewé&tiles

A smart electricity grid opens the door to new capabilities and applications witkafeting
impacts:

1 It provides the capacity to integrate safely more energyn frenewable energy
sources (RES), electric vehicles and distributed flexible generation into the network;

91 Delivers power more reliably through comprehensive control and monitoring
capabilities using automatic grid reconfiguration to prevent or restdegyes (sel
healing capabilities);

91 Delivers power more efficiently and without compromising the needed reliability
through demand response and by enabling consumers to have greater control over
their electricity consumption and to participate activelyhm ¢lectricity market.

The future energy system will have to rely on much higher balancing capacities such as better
interconnections, more storage, deeper demand response, capability to integrate with other
sectors and flexible generation units. Digitalisation, energy stonageer electronics
components, HVDC, software platforms or demagsponse to name some, are all key
elements of a decarbonised energy system. While not all of them can be strictly classified as
technologies, the combination of all elements into one sy#ta@mis moving towards real

time operations to accommodate higher shares of renewable energy generation aims to be a
cl ean Atechnol ogyo.

The following analysis will focus on elements like digitalisation in the O&M of the grids and
the use of digitalisatioto integrate Distributed Energy Resources (DER)

The figure below?® is already providing an overview of the status of emerging digital
applications in the power sector that include the transmission and distribution grids.

Figure 236 Emerging digital applications in the power system

%0 Communication from the Comission, A Clean Planet for allA European strategic lorgrm vision for a
prosperous, modern, competitive and climate neutral economy. COM (2018) 773 final

1 hitps://ec.europa.euiiaia/policies/strategies/2050_en

2 In this document DER include energy generating (i.e. wind, PV), energy storing (i.e. batteries) or energy
using (i.e. freezers, air conditioning) resources

3 hitps://www.irena.org/publications/2019/Sep/Enablirechnologies
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Figure § Emarging dagilal applicalions in The power systam
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3.17.2. Investment in Smart Grids & digital infrastructure

Investment in Smart Grids is mainly on hardware. At the same time, hardware dominates the
investment in digital grid infrastructure. Elements of hardware in the digital grid
infrastructure include smart meters and growing number of EV chargers. This thaves

investment in software in the order of a few percentage points of the total amount as shown in
the figures below.

Figure 237 Global Investment in Smart Grids by technology area 22019 (billion USD)
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Source?233 https://www.iea.org/reports/trackingnergyintegration2020/smargrids

Figure 238 Smart Grid investment by category made by European TSO in recent years (2018)
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Integration of DG & Storags

Source234’%

Public R&l investments in smart grids at EU level are mainly supported through Horizon
2020, at almost EUR 1 billion over the period 2@D20, of which EUR 100 million was
invested in dedicated digitalisation projects and many other smart grid projects that dedicate a
considerable amount of their budget to digitalisation (at IE&HR 400 million)*>. Having

said so, most of the investment in R&I for grid management software comes from the private
sectof*®.

Figure 239R&l Investment in Grid management, 2018

> https://ses.jrc.ec.europa.eu/sites/ses.jrc.ec.europa.euffiles/publications/dsoobservatory2018.pdf

> https://www.h2026bridge.eu

%6 ASSET Study commissioned by DG ENERGYGathering dataon EU competitiveness on selected clean
energy technologies (Draft, 2020)
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Smart electricity grids are also one of the 12 priority areas under theETRBgulation.
Crossborder smart grids could benefit from higher levels of support from regulatory
authorities through inclusion in national network development plans, political recognition,
and eligibility for EU financial assistance in the form of grants for stualelsworks as well

as innovative financial instruments under @ennecting Europe FacilifCEF).From 2014

to 2019, CEF has provided up to EUR 134million of financial assistandeddtadifferent
smart electricity grids projects across the EU.

IEA published in June 2020 the following analysis related to grid investment that shows
different trends and reasons for grid investments in different regions of the world:

T

in Europe, 2019nvestments remained stable at nearly USD 50 biffionith a larger
portion of spending allocated to upgrading and refurbishing the existing grid to
accommodate more variable renewable energy and greater electrification;

smart meters, utility automation érelectric vehicle charging infrastructure now
account for more than 15% of total grid spending (USbillion™®) globally;

electricity grid investments declined for the third consecutive year, falling to less than
USD 275 billiori®* (7% from 2018). The Unéid States overtook China as the top grid
investor for the first time in a decade;

grid investment in the United States increased by 12%, following a continuous
upward trend in the last decade to finance the considerable labour required to upgrade
aginginfrastructure, digitalise the system, electrify sectors such as transport and heat,
and secure the grid against natural disasters and cyberattacks.

5T ASSET Study commissioned by DG ENERGYGathering data on EU competitiveness on selected clean
energy technologies (Draft, 2020)

8 hitps://www.iea.org/reports/trackifgpwer2020

">9EUR 42billion (1 USD = 0.84 EUR)

"0 EUR 33.7billion (1 USD = 0.84 EUR)

51 EUR 328billion (1 USD = 0.84 EUR)
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Because of some of the above mentioned grid investments, curtailment of renewable energy
generation coulthe reduced. For Europe some estimations listed below include:

1 enhanced digitalisatiéit: 67 TWh in 2040 (demanrdksponse 22 TWh & storage
technologies 45 TWh). Estimated in 2016 by the IEA,

1 grid capacity increase of 128 GWup to 2040: 110 TWh (45 billiorEuro
investment). Estimated in 2020 by ENT-EO

Related to the above, and as a word of caution on the potential to reduce curtailment, it is
worth noting that t he | EA i n hExperience pranr t of
2019 shows that new tecHogy alternatives can avoid or defer investment in traditional
transmission and other network infrastructure. The benefits demand response and storage
technologies can offer to networks remain contentious. Regulations will need to evolve to
reflect their mw roles, including the leveraging of flexibility from consumer aggregation and
grid congestiono.

In this context, the implementation of the Clean Energy Package appears to be crucial in
reaching the expected curtailment reduction estimation&ermany kbone, 6.48 TWh were
curtailed in 2019 and grid stabilisation measures costed EUR 1.2 Hillion

Related to demand response, a handful of appliances could provide the required flexibility.

In 2016, in preparation of the CEP (Clean Energy Package), theeticabrDemand
Response potential in 2030 in the EU was estinfatéal be around 160 GW: Electric
vehicles (around 30GW), Home electricity storage (around 30 GW), Ventilation (around
18GW), Refrigeration, households + retail (around 16 GW), Heat pumps dal@ueW),

Air conditioning (around 7 GW These figures would have to be updated but it is expected

that the message stays the same, focusing on some appliances might be enough to deliver the
expected benefits.

What was indicated in 2016 as futysessibilitie<®® (Table 29 has already translated into
commercial propositions in 2020 where owners of smaticale assets help balance the grid
and ensuw security of supply.

92 htps://www.iea.org/reports/digitalisatiemd-energy(2017)
%3 https://www.entsoe.eu/news/2020/08/10/93afwadditionatsolutionsfor-crossborderelectricity-exchange
needeeby-2040to-achievethe-eu-greendeal/
ENTSOE cl arifies AThe System Needs-bmsderurdng missiompcapagStys es ne
increase and identifies the most eefficient combination of increases, but it does not mean tiat t
identified set of increases are the only solution. The identified needs can be addressed in multiple ways such
as increased transmission capacity, storage, hybrid
"®4including costs of curtailmentedispatch and procuring reserve power. These costs are higher in Germany
than elsewhere in Europe but nevertheless give a good indication of the cost of curtZémentzu Netzund
SystemsicherheitsmalRnahmeBesamtjahr 2019, BNetzA,
https://www.bulesnetzagentur.de/DE/Sachgebiete/ElektrizitaetundGas/Unternehmen_Institutionen/Versorgung
ssicherheit/Netz_Systemsicherheit/Netz_Systemsicherheit_node.html, p3
%> Ecodesign Preparatory study on Smart Appliances (Lot33) httpssiteadappliances.eu/en
%6 Ecodesign Preparatory study on Smart Appliances (Lot33) httpssiteatappliances.eu/en
7 hitps://equigy.com/
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Table29 Capabilities of DER to provide future ancillary services (2016)

Table 1: Capabilities of DER to provide future ancillary services

Shiftable | Curtailable
loads: luoads

[ndustrial
processes

Ancillacy Wind | PV | Stationary | Mobile | CHP
sErvices Storage: Storage:
Batteries EVa

Freguency

Voltage

FFR: Fast Frequency Reseree KEY
FCH: Frequency Containment Reserve
FRR: Fregquency Restoration Reserve [ndicates very good capabilities
RR: Restaration Reserve | Indicates good capabilities
?E‘.;.E?’F Margin (Ramp Cantrol) Indicates little capahilities

3 : Fault Ride-Through Capability . - o
CMVC: Conzestion Management Voltage Contral [nd}mtes VELY Iij_ ;a:pahlllnes
PVC: Primary Voltage Contral Indicates no capabilities
SVC: Secondary Voltage Control
TVC: Tertiary Voltage Contral

3.17.3. Digital infrastructure for O&M of the Grid

During the | ast decades, the O&M strategies
target; predictive maintenance. In getting there, digitalisation plays a key role.

Figure 240Evolution over the last decades of O&M approach

Reliability- Condition-
based based
Maintenance Maintenance

Predictive
Maintenance

Reactive Time-based

Maintenance Maintenance

Source236 Guidehouse Insights, 2018

In order to understand the status of network assets to successfully delivering predictive
maintenance, utilities rely on additional sensors and measurement devices that collect data in
reattime. This data is then communicated to a central analytics jpratftat can be used to
analyse the data to generate insights about how the asset is likely to behave in future and
react preventively. The central analytics platforms are known as Asset Performance
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Management (APM) platforms. They help reduce (O&M) castprove efficiency, reduce
unplanned downtimes, and extend the lifetime of the asset.

The IEA estimated some of these benefits in 2(f16

Figure 241 Global Cumulative savings 2048940 IEA 2017

USD billion (2016)

20

10 B OPEX
0
5% lower

Efficiency 5-yr life extension 5-yr life extension
or plants for networks

Efficiency L
O&M cosls 5% more electricity 5% lower tota for powt
output per unit of fuel network losses

Key message: Cumulative savings from the widespread use of digital data and analytics in power
plants and electricity networks could average around USD 80 billion per year.

Notes: Assumes the enhanced global deployment of existing digital technologies to all power plants and network
infrastructure; CAPEX = capital expenditure; OPEX = operational expenditure; yr = year.

Source237IEA, 2017

In recent years, there has been an emergence of distributed intelligence (edge computing) that
doesnoét rely on central anal ytics platfor ms
devices from sensing to actuating (i.e. at substatigai)le

The next section will focus on two elements of the O&M. Namely, 10T devices and software
platforms for predictive maintenance, APMs.

0T devices

Broadly, the entire transmission and distribution infrastructure is transitioning away from
modular orintegrated analog sensors, and moving toward multifunctional digital sensors,
often capable of decisiemaking in real time and onsite, and even further onto connected,
interactive 10T devices. This represents significant technological advancements, thed as
price of sensor devices themselves contirtadall, and communications and compatible IT
systems become ubiquitous, market penetration will continue to grow in the European
market.

Across the entire European markets for grid monitoring, sensorgoanécted 10T devices,
a recent studff estimates that more than 90% of overall new investment is occurring on the
distribution networks.

%8 hitps://wwwiea org/reports/digitalisatiomndenergy
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Market size

Across the forecast period, the same stlidkpects the EU27 market for the sensors and
monitors to growfrom EUR 1.15illion in 2020 to EUR 1.7®illion by 2030, at a compound

annual growth rate (CAGR) of 4.6%. A few factors limit the market for standalone sensor
equipment. Namely:

1 the trend to fully integrate sensors and I0T equipment into major prirsaegsalike
transformers and protective equipment. Thus market size and growth for standalone
metering devices is capped;

1 devices can cost as little as EUR-HID, so even large volumes do not necessarily
lead to a very large market;

1 the transmission sidd the market is already well equipped with monitoring devices,
lowering the necessity for new equipment in that part of the market.

%9 ASSET Study commissioned by DG ENERGYalue & Supply Chain for Digital Technologiés some
use cases in the Energy Sector (Draft, 2020)

"0 ASSET Study commissioned by DG ENERGYalue & Supply Chain for Digital Technologies in some
use cases in the Energy Sector (Draft, 2020)
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Figure 242 Sensing and IOT Monitoring Devices Revenue, EU27,-2030
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Source238ASSET Study commissioned by DG ENERGathering data on EU competitiveness on
selected clean energy technologies (Draft, 2020)

Vendor overview

The study™ estimates that the top players cover approximately/58®@ of the European
market. The mmainder of the market is made up of smaller, local players, anddstxsensor

and device providers from China. Major AMI (Advance Metering Infrastructure) providers
are not necessarily included in this technology and use case, as the products are
fundamatally different. Top players with a High Market share are: Hitachi ABB, Siemens,
Itron, Schneider Electric.

Software platforms for predictive maintenance’?

APM (Asset Performance Manager) can be seen as a platform that integrates multiple
systems and souwrs of asset data, with dedicated asset analytics that sit on top to offer
insights that cut costs and improve safety and reliability of the power grid.

In assessing the market for predictive analysis, APM builds a bridge between software such
as enterpris asset management systems (AMSs), geographic information systems (GISs),
meter data management systems (MDMSs), mobile workforce management systems
(MWMSSs), and other relevant sources of data that pertain to assets. Upon consolidating this
information, amlytics can translate data into meaningful insights that cut costs and improve
safety and reliability of the power grid.

"t ASSET Study commissioned by DG ENERGVYalue & SupplyChain for Digital Technologies in some
use cases in the Energy Sector (Draft, 2020)

2 ASSET Study commissioned by DG ENERGYalue & Supply Chain for Digital Technologies in some
use cases in the Energy Sector (Draft, 2020)
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Looking at the software implementation itself, there is growing acceptance of software as a
service (SaaS) purchase models toilities even though some of the utilities are also
developing in house solutions.

Market size

The study estimates that the APM revenue in EU27 market will grow at a CAGR of 6.4%
between 2022030, to reach 160 Million Euro in 2020.

The scope of analysiscludes APM software and deployment spendidPM software
consists of software license fees and SaaS spending, while deployment includes
implementation and integration services as well as annual maintenance fees. While still
nascent, the market for APMNolutions can be viewed as relatively strong from a global
perspective.

Figure 243APM Market size, EU27, 2028030

Total Annual Market Size, EU-27: 2020-2030
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Source239ASSET Study xxx, 2020
Vendor overview
APM is a relatively new sulmarketofut i I ity | T & analytics, anc

dominant. The competitive landscape for APM technologies is a relatively diverse mix of IT
and OT (Operational Technology) system providers, data management solution providers,
and analytics vendors. Thiscludes companies such as Hitachi ABB, IBM, Schneider
Electric SE, Oracle, GE, Siemens, and C3.ai.

Schneider Electric SE and Siemens are the keyp&séd providers of APM technologies.

™ The market covers spending ménsmission and distribution network operators. APM software related to
generation is only included if owned by a T&D grid operator. UK is excluded 5% of APM market)
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3.17.4. Digital infrastructure for flexibility management in the gricé

In a system with a growing share of variable RES and distributed energy resources
congestion starts appearing, creating demand for-TT8€ and TSE@SO coordination
across voltage levels.

The technologies like Distributed Energy Resources Management SysteRME) and
Advanced Distribution Management System (ADMS) have been deployed to address the
issues of system imbalances, congestion and, commercial flexibility services. DERMS
software offers control systems that enables optimized control of the grid aRdtDEhe

extent that a utility may be able to dispatch and control DER).

ADMS (DMS, OMS and SCADA) unifies operational and engineering data for state analysis,
switching, outage management, and planning. It maintains a singl@eested model of the
distribution network based on the-hgilt model (typically from a geographic information
system [GIS]). This consolidated suite of applications includes-tiral monitoring,
simulation, static engineering applications, and outage management.

In addition to IERMS and ADMS that support the flexibility market use case, there are other
technologies that also play roles of varying degrees of significance in enabling the use of the
flexibility such as:

1 Advanced Metering Infrastructure (AMI) enables the flexibilityarket through
provisioning of the endonsumer/prosumer data and communications to both behind
the-meter and fronbf-the-meter DERS;

1 Virtual Power Plants (VPPs) and aggregators are increasingly becoming popular

where the markets have matured enough kowathe participation of aggregated

energy services into the mainstream markets;

DER analytics

BEMS (Building Energy Management System) , HEMS ( Home Energy Management

System));

1 EV charging infrastructure & platforms.

)l
)l

While in this document some ofthema anal ysed separately, t he
and there is a trend towards the merging of some of the software suites.

In order to understand the size of the flexibility market sw compared to others, see the table
below where the use caseshbve en extracted from the EC stud
for digital transformation of the energy sector towards an innovative Internal Energy
Mar K@t o

™ ASSET Study commissioned by DG ENERGYGathering data on EU competitiveness etested clean
energy technologies (Draft, 2020)

> pssessment and Roadmap for digital transformation of the energy sector towards an innovative Internal
Energy Markehttps://data.europa.eu/doi/10.283/36433
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Table30 Overview of market sizes, growth and lead vendors

H (High), M (Medum), L (Low) refer to market share
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Source240ASSET Study commissioned by DG ENERG¥thering data on EU competitiveness on
selected clean energy technologies (Draft, 2020)

Complementing the market size information above, it can be seen that a handful of global
companies, many of which are European, are active in different energy related software

markets.

Table31 Technology Vendor market share magp{draft)

Technology Vendor Market Share Mapping
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Globally the situation is very similar with a small pool of compandominating the
landscapgé®.

The figure below shows the respective global market shares of the top six providers across all
value chain segments (DERMS, DER Analytics and VPP).

Figure 244 Grid management technologies Global ketrshare of biggest providers
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Source242 ASSET Study commissioned by DG ENERGathering data on EU competitiveness on
selected clean energy technologies (Draft, 2020)

Trying to enter the market, several oil and gas (O&G)@hdr energy providers are making
strategic investments in grid management technologies by acquiring companies (Next
Krafwerke (DE), Kiwi power (UK), Limejump (UK)) and have acquired or made strategic
investments in smaller stawps in European and US rkat’ ",

DERMS (Distributed Energy Resources Management System)

EU growth will be driven by a number of market and technology factors, including the
proliferation of DERs, network constraints, high levels of grid automation, carbon and energy
efficiencyrequirements, and larger digital transformation initiatives.

Market Size

7 ASSET Study commissioned by DG ENERGYGathering data on EU competitiveness on selected clean
energy technologies (Draft, 2020)

T ASSET Study commissioned by DG ENERGYGathering data on EU competitiveness on selected clean
energy technologig®raft, 2020)
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Figure 245DERMS Revenue, EU Markét

Total Annual Market Size, EU-27: 2020-2030
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Source243 Guidehouse Insights

It is to be noted that the biggest share of the market @epioyment of solutions. This is
valid for many grid related software solutions as will be shown below.

Vendor overview

The DERMS market is largely characterized by a small pool of global vendors having a
moderate market share: Schneider Electric, Sien@&asHitachi ABB.

ADMS (Advanced Distribution Management System)

EU growth will be driven by high rates of substation and feeder automation, carbon and
energy efficiency targets, adoption of renewables, smart metering initiatives.

Because an ADMS conceptlyaincludes many of the functions of the distribution SCADA,

it is natur al to consider It fundament al t o
yet at the end of their useful life. Therefore, desired ADMS upgrades may require integration
with these systems (as opposed to replacement). Vendors typically offer an ADMS as a suite
that includes a modular set of systems with multiple licenses that can be purchased over time
to facilitate gradual installation.

As the need for multitude of IT systergeows, implementation and integration can become
exponentially more challenging and expensive. Vendors are responding by making their
suites of systems highly interoperable and adopting modular system architectures.

Market size

The ADMS revenue in EU27 migat will grow at a CAGR of 5.4% between 262030. The
ADMS software revenue stems from the licensing costs and software customisations,

8 ASSET Study commissioned by DG ENERGVYalue & Supply Chain for Digital Technologies in some
use cases in the Energy Sector (Draft, 2020)
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whereas the deployment revenue is the annualized spending on the implementation and
integration services and supportianaintenance.

Figure 246 ADMS Revenue, EU Market
Total Annual Market Size, EU-27: 2020-2030
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Source244 Guidehouse Insights

Europe has the highest penetration of ADMS technologies globally. This is due to several
factors, including high rates of substation and feeder automation, carbon and energy
efficiency targets, adoption of renewables, smart metering initiatives, and more.

Most Western European utilities are expected to have one or more ADMS modules deployed
while Eastern Europe shows lower rates of ADMS penetration regionally.

Vendor overview

The ADMS market is largely characterized by a small pool of global vendors.

The pool is made up of traditional, large OEMs (General Electric [GE], Schneider Electric
SE, Oracle Corporation, Siemens AG, ABB, and Advanced Control Systerds). It also
includes a couple smaller vendors (ETAP, OSI, and Survalent Technology Corporation)
making inroads around managed services and cooperative and public utility targeting.

VPP (Virtual Power Plant)

VPP aggregation platforms are software platforms that enable aggregators to manage a
portfolio of distributed energy resources such as battgulestovoltaics, flexible loads and
electric vehicles in a manner that allows customers to access a greater number of energy
markets.

VPPs can help to transform passive energy consumers into active prosumers through the
integration and optimisation of tewologies such as demand response (DR), solar PV
systems, advanced batteries, and EV supply equipment (EVSE). At scale, VPPs represent the
concept that intelligent aggregation and optimisation of DER can provide the same essential
services as a traditiona#i/7 centralized power plant.
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Europe has been and continues to be (for the near future) the global VPP leader in terms of

capacity. This is a function of several factors, including DER growth, market opening,
valuation of nortraditional assets, and carba@eduction and efficiency goals. However,
explicit demand response participation by residential loads through aggregators is not yet
fully developed in all the EU MSs due to technical, market and regulatory barriers.

Germany is anticipated to capture abonet hi rd of the tot al VPP

by 2028,

Europe has also been the driving force behind VPP spending, accounting for nearly 45% of

Market size

global spending in 2020.

Million Euros
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Figure 247VPP Revenue, EU Market

Total Annual Market Size, EU-27; 2020-2030
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Sour@ 245 Guidehouse Insight, 2020

While software cost is majorly attributed by the licensing, development and customisations,
the deployment consists of implementation and integration services to enable VPP
aggregation platform andgvride ongoing maintenance activities

Vendor overview

Leaders are currently in the strongest position fori@ng success in the VPP market.

Companies with High share include ABB and Next Kraftwerke followed with some with
Moderate market share such asissder Electric or Centrica Business solutions.

Building Energy Management Systems (BEMS) and Home Energy Management

Systems (HEMS)

9 ASSET Study commissioned by DG ENERGYalue & Supply Chain for Digital Technologies in some
use @ases in the Energy Sector (Draft, 2020)
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While not part of the grid management these technologies are included here due to their
increasing interaction with the grand managing of flexibility loads.

HEMS and BEMS are hardware, software, and services platforms that facilitate monitoring
and management of energy in residential and commercial buildings. HEMS are a key
component of Smart Homes and are strictly relae8mart Appliance and Smart Lighting,
where EU companies are among the world market leddeHEMS and BEMS have
increased their capabilities with the advancement of technologies such as loT, machine
learning or Al and are aggregating increasing amoudat.

EU27 is a global leader in BEMSCompanies have successfully leveraged their leadership
in building controls and related hardware, and moved into ever more advanced energy
management systems.

This is not the case for HEMS where many key playerscanging from North America.
Same as for BEMS, during the last years, the HEMS market has been integrating new data
streams coming from consumer smart home devices and energy appliances.

Figure 248 Overview EMS market & players

80 Information on the trends in market development for Smart Appliances is available in the following report

Smart Home and Appliances: State of the art available at

https://publications.jrc.ec.europa.eu/repository/handle/JRC113988

81 Guidehouse Insights. (20263uidehouse Insights Leaderboard: Intelligent Building SoftwRetrieved at
https://guidehouseinsights.com/reports/quidehensightsleaderboardntelligentbuilding-software
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Key
activities

Market Size
(Ma)

Market
Growth
Outlook

Key players
EU

Key players
Rest of the
World

Critical
materials

Home energy
management
software (HEMS)

Software platforms to
support utilities in customer
engagement, home energy
analytics, alerts, etc.

869

299
Global EU
EU: ' Global: '

A Emphasis on
personalization and
holistic view of customer

A Global CAGR outpacing
EU-27 growth

A Schneider Electric

A Bidgely
A ttron

A Oracle
A Uplight

A N/A

Legend:

(10 year CAGR)

Commercial
building energy
management
software (BEMS)

Software ranging from simple
building automation to
advanced loT and Al-enabled
systems that enable proactive
management

4,095
1,164
Global EU
EU: 'Global:'

A Growth in intelligent
building solutions beyond
energy management

A Global CAGR outpacing
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A Schneider Electric
A Siemens
A Trane

A Honeywell
A Johnson Controls

A N/A

1 >15% P >10%

Commercial
BEMS
deployment

Integration of new hardware
and software with existing
building systems and legacy
automation controls.

3,648
1,037
Global EU
EU: 'Global: '

A Integration across building
systems drives deeper
efficiencies

A Global CAGR outpacing
EU-27 growth

A Schneider Electric
A Siemens
A Trane

A Honeywell
A Johnson Controls

A N/A

>5% >0%

Source246 ASSET Study commissioned by DG ENER®&¥4thering data on EU competitiveness on
selected clean energy technologies (Draft, 2020)
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Market sizé®?

Figure 249EU27 Market Size 202R030
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Source247 Guidehouse Insights, 2020

Barriers to rapid deployment of the solutions to manage grid flexibility' &

Barriers to a more rapid deployment of the solutions to manage flexibility in the grid include:

1 energy market/system regulationst designed for the emerging applications and
technological solutions;

1 system Costs Digital grid management technologies, particularly DERMSs, are
naturally expensive due to their control system capabilities and number of integration
points;

1 communicatbns Requirements DER deployments have been sparse, making it
difficult for utilities to justify the establishment of dedicated networks.
Communications investments in the short term are likely to be small and incremental,
using public cellular networkand past investments as much as possible;

1 data Quality Remains a Concermo adapt to the complex operating environment
experienced today, utilities need to further invest in data integrity, most notably
connectivity model correction and accuracy;

1 availablity of System Alternatives Most major utilities do not require a DERMS at
this time to enable granular control of DER.

82 SW include just the software revenusseciated with HEMS and BEMS offerings. The forecasts do not
capture hardware revenue. The BEMS Deployment forecast captures systems integration services for
BEMS, including, HVAC, lighting, controls, and 10T integration

83 ASSET Study commissioned by DG ERGY - Gathering data on EU competitiveness on selected clean
energy technologies (Draft, 2020)
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3.17.5. Future challenges

The following conclusions can be drawn based on the analysis of the different smart-grid sub
sectors described ihis section:

1 investment in grid reinforcement and digital infrastructure is necessary to reduce the
curtail ment of renewable energy sources.
in hardware, including in digital grid infrastructure (such as smmaters and eV
chargers). The share of software investment is in the order of a few percentage points;

1 a handful of global companies, many of which are European, dominate the market of
software solutions for the management of the grid and the managememé of
flexibility provided by DER. In this context, European companies such as ABB,
Siemens or Schneider Electric are very well positioned to maintain their existing
European and global leading position in various grid and flexibility management
software stutions market;

1 new entrants have difficulties to enter the market, but oil & gas and energy providers
are doing so through acquisitions of stablished players and investment-irpstart

The digital technologies that underpin the solutions in this chapter are in different states of
maturity when applied to the energy sector, as shown in the next figure.

Figure 250 This figure includes the maturity level in 2019 and also includes various technologies
such as Block chain or Digital Twins from the 2018 figure
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Source248 Gartner, 2019

But it is important to note that in the development of rsnggids, the volume of data
generated by energy systems and the digital technologies used are not considered a barrier
when moving towards real time operatidfisThere is no evidence that the data volumes
being generated, transmitted and analysed issue itoday. Furthermore, developments in
digital technologies such as edge computing, smarter 10T devices, Al, machine learning, big
data etcetera, are able to handle the data amounts typically dealt with in the energy sector,
also when moving towards retathe data handling.

The challengea promote competitiveness of the digital energy servgcascess to datdata
interoperabilityand sharing of data among different stakeholders and of different parts of the
energy value chain as well as in integrgtaifferent platforms and software solutions making

use of data. Markewide interoperable platforms for easy data access and data exchange are
therefore key.

Interoperability is required at many levels (including technical & semantic interoperability).
In this context, one of the challenges is the mix of legacy technologies/devices aiud-state

84 This is based on consultation with a broad range of experts through ETIP SNET WG4, BRIDGE R&l WG,
JRC, as well as information from the ongoi§SET Study commissioned by DG ENERGY Value &
Supply Chain for Digital Technologies in some use cases in the Energy Sector (Draft, 2020)
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