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1.1. Multi-Annual Energy Plan

1.1.1. Nature of Multi-Annual Energy Plan

Multi-Annual Energy Plan (MAEP) establishes theogties for government action regarding energy @oli
for Metropolitan France in the next decade, shametivo 5-year periods. Every 5 years the Multi-Aahu
Energy Plan is updated: the second 5-year perioelised and a subsequent 5-year period is added.

The MAEP is governed by the provisions of Article$41-1 to L.141-6 of the Energy Code, amendechiey t
law of 17 August 2015 on the energy transitiongi@en growth. It must cover aspects relating to:

Guarantee of the

Improvement of energy efficiency and reductiongpiimary energy consumption, especially fossil

Promotion

The balanced development of energy networks, stoaagl transformation and the management of
energy demand, in particular to promote local energduction, the development of smart grids and
self-

The preservation of consumer purchasing power ampetitiveness of

Assessment of the professional skills needed itighe of energy and adaptation of training to meet
these needs.

This Multi-Annual Energy Plan covers two successive-year periods: 2019-2023 and 2024-2028.

This multi-annual energy plan consists of:
an executive summary of the MAEP

the strategic environmental evaluation.
This report is an annex of the decree and is afleégry enforcement.

1.1.2. Legal scope of Multi-Annual Energy Plan

Strategies and planning documents that includeggrggridance must be consistent with the guidelést®ut
in the Multi-Annual Energy Plan.

In particular, the following issues should be cetesit:

the setting of quantitative targets for the lauattenders for electricity generation plants (reable
energy in particular), for load management capsxitr for investments enabling the injection of

the definition of the guidelines with which permfte the operation of new electricity generation

the definition of the level of security of supply the French energy system, by fixing the failure
criterion used to assess the balance betweenieligctupply and demand or the criterion for the
security of supply of gas and the stocks to be tasiad.
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1.1.3. Coordination of Multi-Annual Energy Plan with other planning documents

The Multi-Annual Energy Plan is coordinated witffelient plans, programmes and strategies that lwteak
its action priorities from an operational perspextiThe figure below illustrates this coordination.
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Figure 1. Coordination of the MAEP with other plamgp documents

National Low Carbon Strategy (SNBC) and Carbon Budets

The Multi-Annual Energy Plan must be compatiblehwiite greenhouse gas emission reduction targeksy set
the carbon budgets, in particular for the energyseand more broadly with the low carbon stratéjyBC).
This link implies that the MAEP does not includeaseres that are directly contrary to the guidelimed
provisions of the SNBC.

The MAEP contributes significantly to the decreafgreenhouse gas emissions by all the measurésatied
to the decrease of energy consumption, with aipyito the decrease of energies with the highestaarate,
and by the switch from fossil fuels to renewablergies.

National plan for reduction of emissions of atmospéric pollutants (PREPA)

Energy policy and the MAEP must contribute to nregthe air pollution reduction objectives defingdthe
PREPA.

The MAEP contributes to the decrease of atmosplpafiatants emissions in the same way it contribtite
the decrease of greenhouse gas emissions: bydbetien of the energy consumption, prioritized oergy
with the highest carbon rate, and by the switcimffossil fuels to renewable energies.
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Several planning documents provided for by law nwestoordinated with the MAEP:
The clean mobility development strategy (SDMwhich is a component annexed to this plan.

The National Biomass Mobilization Strategy (SNMihich aims in particular to develop the supply
of energy production facilities, such as domestmod+burning appliances, industrial and tertiary
collective boilers, cogeneration and biofuel prd@rc units. The previous national biomass
mobilization strategy was approved in March 2018:ill be revised no later than one year following
the revision of the Multi-Annual Energy plan.

The Employment and Skills Programming Plan (PEBhich will define skills and employment
development needs in the territories and in théegsional sectors, in respect of the ecological and
energy transition. The law stipulates that the MAMERst include a component dedicated to the
assessment of professional skills needs in thd iEkenergy and the adaptation of training to these
needs: the MAEP will address this matter in gengrahs and it will be further developed by the
employment and skills programming plan.

The National Energy Research Strategy (SNadopted by the Ministers for Research and Energy,
was published on 27 December, 2016. It specifiesetiergy component of the national research
strategy, taking account of the guidelines defing@&NBC and the MAEP. The SNRE highlights the
key transformative themes for energy transitione Phiority is to increase energy efficiency and
reduce the consumption of resources. The developofieanewable energies and therefore research
into networks (flexibility, interaction between egg systems and storage means, multi-scale
governance, etc.) must continue because the inieg@f renewable energies will transform them in
depth. From this perspective, the ecosystem ofviainan dedicated to new energy technologies will
have a resolutely inter-disciplinary character,ampassing, in particular, the digital revolutiordan
taking account of the socio-economic issues inhdmefuture changes (associating consumers and
territories, developing and deploying training aeago the professions of the future).

The regions are leaders of communities on enegyess As such, they are responsible for coordigdhia
action of local authorities on energy. They defima&r energy policy in their regional developmesnistainable
development and territorial balance (SRADDET) plavisich follow up the regional climate-air-energgips
(SRCAE), and which must be approved from by mid20lhe territorial component is developed in part 7

The coordination between national plans and stegesnd local plans and strategies is an impoisane for
the good steering of the energy transition. Thepgetaness of the coordination would still have ¢éphirsued
to find out practical solutions respectful of tegadl responsibilities of all concerned authorities.

1.2. MAEP development process

1.2.1. Association of stakeholders

The MAEP review was launched in June 2017 at theedéme as the SNBC review, as part of a joint inget

of the MAEP monitoring committee and the SNBC steecommittee. The MAEP monitoring committee
consists of around 80 French stakeholders, maieiypbers of the National Council for Ecological Tiitina
(CNTE) and the High Energy Council (CSE). This Cadttee was convened on 3 times during the year to
provide it with an opportunity to comment on thegmness of the work.

Workshops on demand side management were sharedheireview work of the SNBC. These workshops
were held for different sectors. They met 4 timashebetween June 2017 and June 2018:
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In addition, 24 workshops were organized betweetol@r 2017 and January 2018, on all the topics
specifically addressed by the MAEP. Each workshauht together 20 to 50 people. The members of the
monitoring committee were invited to each workshaspwere experts from structures specialized isubgct
to be debated. More than one hundred presentatieresdiscussed and 70 written contributions weasesh
during these sessions. With regard to the anticipatf energy supply, the workshops were organizgd

sector:

#
#

Solid biomass

Offshore $ %

Onshore

&

Hydropower

Solar power
Energy recovery from waste.

With regard to energy systems, the workshops weyanized by theme:

Petroleum products s

&
&

Housing / Services

Industry / agriculture

(

Demand management (cut-
Self-
Storage

Recharging infrastructure for alternative fuels.

1.2.2. Public association

A public debate was organized by the National Rul&arings Commission (CNDP) from 19 March 2018 to

29 June 2018. The debate included:

thematic workshops (Europe-

/

)
011

+

)
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targeted initiatives with partners.

The government has made a project owner's fildalaito inform citizens about the challenges efMulti-
Annual Energy Plan and to ask them about spec#fsugs:_https://ppe.debatpublic.fr/dossier-du-maitre
douvrage-dmo

The issues on which citizen opinion was requireceviige following:

the measures that citizens consider effectivermgef reducing energy consumption: what would be
the best levers to convince them to take actidroate and action in relation to their mobility cres@

their opinion on the development of the variouseresble energy production sectors: wind, solar,
anaerobic digestion ...

their opinions on guarantees in terms of securitgupply? What do they think about the way the
criteria are formulated? Would other definitionsotiner levels be more relevant? Would consumers
be willing to run a greater risk of a power cutéturn for lower energy costs?

At the end, 86 meetings were organized as parh@fpublic debate which brought together nearly 8000
participants. The website has been viewed 47 5%2stiand has received 561 posts, 140 papers and 193
stakeholders data logs has been published. 237¢neats on the posts and information available arél 66
guestions were asked by Internet users. The spEwainittee of the public debate drafted a repedilable

at: https://ppe.debatpublic.fr/

The government followed the contributions of citigelosely throughout the debate. The governmeanisioa
was taken the 2018, November"3@llowing the recommendations of the CNDP, antlishied on Official
Newspaper on 2018, Decembér Zhe government has taken into account the knayeledised by the debate
to write this Plan.

1.2.3. Formally collected opinions

Formal consultations will be hols on the MAEP pobjd he opinions:

2 ,

bordering or non-bordering countries whose eldtyrisystem is interconnected with the French
system: Belgium, Germany, Ireland, Italy, LuxemlzpuNetherlands, Spain, Portugal, the United
Kingdom and the European Commission

the public.

The final MAEP will take these opinions into accaun
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1.3. Objectives to be achieved by the MAEP
1.3.1. The international framework of the fight aganst climate change.

All countries are concerned by climate change. égdras been involved internationally since the siathe
development of international policy to combat clienahange under the auspices of the United NatB®ys.
approving the Paris Agreement in 2015, the Stateleniook a commitment to act to keep global warming
under 2°C by 2100, by stepping up efforts to awideeding 1.5°C.

The international agreement drawn up under thedfreresidency deals, in a balanced way, with a¢teow
- i.e. efforts to reduce greenhouse gas emissia@rgl-with the adaptation of societies to existitimate
disruptions.

The “Paris climate alliance” is broken down inta@mponents:

1. Auniversal agreement that establishes rules amthamesms that can progressively raise the ambition
to respect the limit of 2°

2. The presentation by all countries of their natioc@htributions in order to create a knock-on effect
and to demonstrate that all States are moving;dordance with their national situations, in thenea

3. The financial component helps support developingtiees and finance the transition to low-carbon,

4. The strengthening of the commitments of civil shcend non-state actors in order to bring all actor
together for concrete action without waiting foe tigreement to come into force.

1.3.2. The European framework

European energy policy has developed strongly stme000s. In particular, several European text® lset
targets for:

increasing the energy generated from renewablegsur

The guidelines laid down in the MAEP are part @f framework and make it possible to specify thiectives
and benefits of the internal energy market.

The climate energy package, adopted under the Fiedgresidency in 2008, set the "3x20" target@#0:
- 415 &(&
415

20% renewable energy in final EU energy consumption

The European Union has recently adopted targetd08@, namely the reduction of the EU's greenhgase
emissions by at least 40% in 2030 compared to 1PB6.Renewable Energy Directive sets targets amd th
framework for the coming decade.

The objective of reducing GHG emissions will beiagld through the revision of the European Trading
Scheme (ETS) and the distribution of effort amongniber States for non-quota sectors where the olgect
is to reach at least 32% renewable energy in ermmgsumption, binding objective at the Europeaslleihe
directive also provides for a target of 14% rende/amergy in transport, with a ceiling for firstnggation
biofuels, as well as new provisions for renewabled recovered energy for heating and cooling.

15
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By 2030:
-015 . ?AAL+
-415 : 41?4+
-715 . 41?4+
B4:5
32% of energy consumption from renewable sourchis farget is broken down by energy vector
.015 7.5 ?85
?15 +

multiply the amount of heating and cooling fromeeble sources and recovery in heat networks by
five (compared to 2012).

In 2050 : - 75 % of greenhouse gas emissions (coadga 1990).

The LTECV has adopted national objectives and @ecitiat several multi-annual energy plans will cove
respectively the Metropolitan continental Frante, Corse, and the over seas collectivities. Thauohent
deals with the Metropiltan continental France. ©lier seas collectivities and the Corse use less 2b@a of
the final French energy consumption. The objectagigpted in the other plans has a very small impac¢he
domestic objectives, that is the reason why theatijes of the plan for Metropolitan continentahkce are

the same as the domestic ones.
The law has specified that the MAEP must contairetigpments on (article L141-2 of the energy code):

1.,

2. Improvement of the energy efficiency and decredisbeoprimary energy consumption, with a focus
on fossil

The

The balanced development of networks, storagejbilédes and to increase local production of
energy, the development of smart grids and self-

5. The preservation of the purchasing power of firmlsuimers and the price competitiveness of the

6. The assessment of professional skills needs irnkegy sector and the adaptation of trainingsdo th
new needs.

This MAEP has a comprehensive approach on all gm@gsumption for an energetic purpose. It does not
deal with energy consumption as raw materials,rqtb#cies are in charge of governing them.

1.3.4. Carbon neutrality by 2050: challenges in tens of supply-demand adequacy
in energy

" #$% " & en ( )
*+ " & - &. : :
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Given current knowledge, known technologies whossernination can be reasonably expected, some
identified needs can only be satisfied by a speeifiergy vector while others can use differentginer These
choices guide the allocation of resources by setitoparticular, there are strategic choices taragle in
relation to the use biomass, which will becomeasEresource in 2050:
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2. Improvement in energy efficiency and lower foskienergy
consumption

This chapter presents the energy consumption triarféisince the last 15 years and analyses the resasons
of the progressions of energy consumption to ifietiie public policies the government can use tuce
these consumptions.

The scenarios of the projected consumptions in 20282028 are established with a model includirgg th
policies and measures described in this chapter.

The macro-economic hypothesis

A scenario has been elaborated based on macro+atparameters considered the more likely to happen
As the law ask for, a scenario including differardcro-economic hypothesis has also been elaborBbed.
government has chosen to simulate progressiortsegbdrameters that make the energy consumptios. rais
The macro-economic parameters that changed argrofngh of the population, the GDP and the prices of
energies.

Population

The scenario of progression of the French populatamsidered as the most likely to happen is tleatfal
trend” of the scenarios made by INSEE. The othg@othesis is the “high trend” of the scenarios mbge
INSEE.

Year | 2015 2020 | 2025 | 2030
Number of people (central trend) | 64293 65684 | 66918 | 68064
Number of people (high trend) 64 334 66 058 68 093 70 151

Table 1: Progression of the population in Contiraitrance (in thousands)
Prices of energies

The scenario of progression of the internationargy prices considered as the most likely to happlows
the recommendation of the European Commigsibhe other hypothesis considered prices deflayetiobo
each.

‘ _ 2015 2020 _ 2025 _ 2030
Pétrole (Brent crude oil) 48.19 75.01 85.15 93.8
Charbon (CIF ARA 6000) 11.47 14.31 17.09 20.51
tcam pétrole | 9.25% | 2.57% | 1.95%
tcam charbon | 4.52% | 3.61% | 3.72%
Gaz (NCV, CIF moyenne EU import) 38.8 48.25 52.21 56.77
-tcam gaz 4.46% 1.59% 1.69%

Table 2 : Importation prices of fuels (in €2013épo

The modelization of energy prices for final conswsakes also into account the costs of networkd tae
taxes, in particular the carbon tax.

« EU reference scenario » of 2016

22
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Taxation
Taxation of carbon for ETS companies

The level of carbon price for companies involvedhe emission trading system (ETS) are the ongsoged
by the European Commission in the report « EU egfee scenario » of 2016. No other alternative lees b
simulated.

2015 2020 2025 2030

7.5 15 22.5 33.5

Table 3: European carbon price in ETS in €2013 tam#CQ

Regarding the non-ETS sectors, some have a speaifion taxation, the carbon component of the TICPE
Other sectors are exempted or have reduced taxes.

The carbon component of the TICPE

Whereas the carbon price of the ETS system is gpubof the European system and is not relatedheo t
SNBC measures, the carbon tax is a measure maodi@tizee scenario: it is supposed to reach 862G/in
2022 and 225 €/tC£n 2030.

Economy growth rate

The technico-economic models use the GDP has anpéea The GDP is supposed to follow the guidelines
of EU for France The growth rate used is in the lower rate ofdgtenarios used to anticipate the progression
of retirement allowances by the Council for retigmorientation (COR).

2015-2020 2020-2025 2025-2030
_ 1.6 1.3 1.4
Table 4: Annual growth rate of GDP (in market ppiae %
The other hypothesis of GDP growth rate simulasetl 7%/year for the period 2015-2028

Growth rate of the added value of the industry@ecit is the EU benchmark

2015-2020 2020-2025 2025-2030

14 1 1.1

Table 5: Annual growth rate of the added valuehefindustry sector (in%)

The progression of the added value of the indusgotor is related to the GDP. The hypothesis donghe
progression of GDP has an impact on the progressithre added value of the industry sector.

. The final macro-economic modelization gives a G&Poutput which is different than the GDP usednasiti A
complete consistency is not yet possible.

23



4

%EB@

r_' IMPROVEMENT IN ENERGY EFFICIENCY AND DECREASE
OF FOSSIL ENERGY CONSUMPTION

MULTI ANNUAL ENERGY PLAN
2019-2023 2024-2028

,@
ke
d @O o

e
L 4
L4

=

B & " " | ’ + & "
" . && & ot &&

24



OF FOSSIL ENERGY CONSUMPTION

4 o0
FI % = E]\ =#)— IMPROVEMENT IN ENERGY EFFICIENCY AND DECREASE
FOE

v e
B u : ) MULTI ANNUAL ENERGY PLAN
= @ i 2019-2023 2024-2028
1800

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Echarbon  Epétrole gaz naturel W électricité M réseaux de chaleur Energies renouvelables et déchets
&2.& 2  +*
6 *1
6?*05 *
110
100 m A
90
80
— " " 820
— & " 820
70 T T T T T T T T T T T T T T T T T T T T T T T T T T T
1990 1995 2000 2005 2010 2015
! n
" 7 41?4%$4:$ 9
?84; '@ 488. '@ 4141
) 6 +* 417G
) + 2G771@ * !
?11+*



=
g ﬁ: %) o3 (&)= MPROVEMENT IN ENERGY EFFICIENCY AND DECREASE
ﬂ q @ " A > OF FOSSIL ENERGY CONSUMPTION
+ W
@ $N) MULTI ANNUAL ENERGY PLAN
- 2019-2023 2024-2028

NN

o o

o—& " - "

Figure 4: Progression of final energy consumptiar grimary energy consumption (base 100 index in
2005) — Source SDES

While France is globally in a process of reductsdinal energy consumption, the current pacessfiicient
to reach the 2020 target of the Energy efficienicgative. The central SNBC-MAEP (National Low Canbo
Strategy & Multi-year Energy Programme) scenariisrcurrent version specifies that the objectwme2020
would not be reached until 2026. Achieving the otiyes for 2020 would require a rapid increaseew ror
existing measures.

Analyses that can be used to break down the fadtivisg theprogressiomnf final energy consumption show
that energy efficiency policies have led to sigr@fit volumes of energy savings that offset theceffef rising
demographics or GDP growth (see figure below).
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Figure 5. Breakdown of the progression of finalrggeconsumption in France between 2005 and 2015 (in
Mtoe) (Source: Odyssée, 2018)

,  http://www.indicators.odyssee-mure.eu/decomparsititml
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The overall amount of the market for energy sewviaad energy efficiency, excluding energy supgy, i
estimated at €8.4 billion in 2015 (nearly €13.5idml including the supply of energy and the sersice

contributing to energy efficiency).

2019-2023 2024-2028

IMPROVEMENT IN ENERGY EFFICIENCY AND DECREASE
OF FOSSIL ENERGY CONSUMPTION

MULTI ANNUAL ENERGY PLAN

Services Ener
Energy supply | contributing to |Energy serviceg nergy
1) energy 3) efficiency Total
efficiency (2) services (4)

Asset analysis 403 403
Design and 1748 1748
engineering
Operation 2861 - 6866 1577 11304
Total 2861 2151 6866 1577 13455

(1) Example: energy supply for collective boilgi&y Example: energy performance diagnosis, energy
orientation advice; (3) individual heating maintere®; (4) Example: tertiary and industrial metering.

Table 6. Summary of markets related to energy @esvand energy efficiency (in millions of eurogufSe:
ADEME/ GALLILEO - 2016)

The energy audits and diagnostics market was vadtie8212 million in 2015. Energy efficiency sendce
related to metering and sub-metering represent kehaf €232 million. Energy services linked to the
operation of collective heating systems (excludamgrgy supply) are valued at €2.8 billion, and gyer
efficiency services for these boilers represent dilion market. The Energy Performance ContrdERC)
market is valued at €208 million, plus €60 millimlated to EPCs agreed under public-private pashijes
for public lighting.

The reduction of energy consumption is the firBapof the energy transition. This is why the maas to be
taken must be suitable for meeting the challendwinfjing about changes in behaviour and decisiaking.

In 2016, the final energy consumption was :

oil Thermal
Coal Gas renewableg Electricity | Heat sold Total
products
and waste

Industry 11 26 114 18 117 16 302
Transport 462 1 35 11 509
Residential 0 67 140 105 159 14 486
Tertiary 1 33 80 10 146 9 279
Agriculture 39 3 2 9 52
Total 12 588 335 168 433 39 1628

Table 7: Final energy consumption per sector amtgf energy in 2016 (TWh)

Pricing carbon fairly across the whole economy

The price of carbon must induce changes in thesge made by energy consumers in their purchases o
uses. It must also serve to accelerate the developwf efficient technologies by making them more
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competitive than those using more fossil fuel. Thmate plan had set a developmental trajectoryttier
carbon component of energy taxation, rising to £88,eq in 2022. Following the cancellation of the rfise
2019, a new trajectory will have to be definedtm@022, as well as over the second period of . Fhis
taxation has to be coupled with support measuresdnsition so they appeared to be efficient aquitable.

The current carbon component does not cover eriatggisive industries subject to international cotitioa
which fall under the European Emissions Trading&yws(ETS). The quota market price, however, isyett
sufficient to induce major changes to modes of petidn. France supports in particular the impleragon
of a floor price mechanism for the carbon in eleitir at European level to speed up the decarbtoisaf
industry.

Energy efficiency improvements rely principally @ market device: the Energy Saving Certificates
(Certificats D’Economie D’Energie, CEE). They puetsupplier under the obligation to carry out eperg
efficiency actions, directly or indirectly. Eachezgy-saving action triggered as a result of the GElieme is
credited with certificates which can then be exgje@hto meet the obligation. This system enablexdisted
cumulative savings of about 530 TWh of energy @ar\by generating investments of between € 2 &l 3
The industry, local authorities and citizens ban&fim it in addition of other targeted public piés
incentives.

The PPE plans to extend the CEE scheme over thiewleood covered, progressively increasing thd goa
based on estimated savings potential.

The energy scenario projected the final energywmpsion in 2028. The figure below shows the areatiich
the final energy consumption would probably be, tlwe curves giving the higher and lower situations
depending on the macro-economic contexts. Thesgttends are developped further in next sectibmthe
central trend, the MAEP allows to reduce final ggezonsumption by 14% in 2028 compared to 2012.

/

*
)

*%

Figure 6: Past final energy consumption (2010-2041&) scenarios (2016-2028) of final energy
consumptions expected with the implementationeoMAEP (TWh)

The table below summarises the targets for finafrggnconsumption to be achieved as a result oétieegy
management measures (including the measures dedelophe sectoral section).
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Figure 7: Evolution of final energy consumptiondactor — Data adjusted for climate variations, MW
Source: SDES calculations, sources per form ofgner

2.2.1. Building sector: residential and tertiary
Residential

Final energy consumption in the residential sebtas been stable for 10 years. The downward effifcts
improved energy efficiency in new buildings and tleovation of existing buildings are offset by therease
in the number of occupied dwellings (populationvgity family undoubling, etc.).

*, |/ 6 4 tox

[ | 2 A3B u( +" % ! [ | u7 $

Figure 8: Final energy consumption in the residahsiector — Data adjusted for climate variations,iwh
Source: SDES calculations, sources per form ofgsrer

In 2016, real energy consumption in the residesgator, which was largely related to heating ngiedsped
5.1% due to harsher weather than in 2015. It stwd®8.7 TWh. Adjusted for climate variations, écdeased
by 1.0%, after having been stable overall betwe3y2and 2015.
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In the baseline scenario, the raise of requiremieats energy regulation for new buildings is intnogd in
the via a maximum greenhouse gas emissions ofuitairigs through their life cycle.

There will be 300000 complete renovation equivdleeich year during 2015-2030 (that means
approximatively 1 million renovation aétact each year).

The energy mix trend is less and less intensiveaifbon with more usage of heat pumps and urban heat
networks. The scenario supposes that buildinggpequents are getting more efficient.

The scenario integrates also a decrease of enexggisnon some usages thanks to the spread of new
management technologies (smart management systéaierg mitigator...), a different organization of
buildings (design...) and virtuous behavior (heatgerature lowered by 1°C in 2050).

The energy scenario projected the final energywmpsion in 2028. The figure below shows the areatich
the final energy consumption would probably be, tilwe curves giving the higher and lower situations
depending on the macro-economic contexts.

9 & & 9 # + &D%+
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Figure 10: Past final energy consumption in builgn(2010-2016) and scenarios (2016-2028) of final
energy consumptions in buildings expected withrtigementation of the MAEP (TWh)
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Figure 12: Final energy consumption in transport,Tiwh. Source: SDES calculations, sources per rf
energy

=]

Energy consumption in transport is also relatiwtible, which shows the importance of improvingsygtem
as a whole, because of major growth in mobilitydsee

Inland freight transport (all modes combined) rabarply until the 2008 crisis, then remained

relatively stable at around 330 billion tonne-kiletmes (338.4 billion t.km in 2016).

Since 1990, the total volume of domestic passetrgesport has increased steadily for all modes.
After an important rise in 1990’s, the automobileffic stabilized between 2000 and 2013 befor
another raise. The domestic air transport in melitam area, after a decrease between 2000 and 2005
increased after 2010. The train transport had goitant increase since 2000, in the same way of

urban collective transport$he figure below shows these changes.
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Figure 13: Evolution of domestic passenger moddsaasport since 2000 - Source: SDES
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Figure 14: Distribution of domestic transport peode, in 2017 — Source: SDES

Of the energy consumed in road transport, arouftiS@ised for passenger transport and 40% forahsport

of goods. Domestic air transport accounted for 2donsumption in 2016. When international air tyzors
(international air bunkers) are included, air tgars accounts for 15% of transport consumption.l Rai
transportation (including railways, metros and saaccounts for only 2% of the sector's energy wopsion.
This share is much lower than the share of rgikdssenger and freight traffic and reflects the sapenergy
performance of this mode compared to road and air.

The energy mix in the transport sector is largeisnohated (91%) by petroleum products, followed ofiels
(7%) and electricity (2%) f@llowingfigure).
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Figure 15: Share of each mode in final energy camsion of transport in 2016, in %. Source: SDES
calculations, sources per form of energy.

The hypothesis made for transport in the scenadadavelopped in Annex 9, dealing with the stratfyy
clean mobility development (SDMP).

The scenario is base on an electrification of parts 3 times more efficient than thermal solutiomgnergy
efficiency, particularly for personal vehicles. Téaes of electric vehicles are supposed to beptiatt by 5

by 2022. In 2030, the scenario reaches a sha®26fd electric personal vehicles and 10% of hybpieisonal
electric vehicles in sales (respectively 27% andiii2028). Important progress are also realize@meargy
consumption efficiency of thermal vehicles. Thernsg® aims 4l/100km in sales in 2030. The detailed
evolution of vehicles park is presented in Annex 9.
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Figure 16: Evolution of market shares of registoatinew vehicles)

The modal report towards zero carbon modes is eaged. The share of vehicle decrease by 5 poihiseka
2015 and 2028. The share of the bicycle is muétipliy 3.3 by 2024 and by 4 by 2028. Collectivedpants
develop and their share increase by 3 points. Traisport for long distance increase by 20% beatv2845
and 2028, that means +1.4%/year, collective tramgposhort distance increase by 30% between 201b
2028, that means 2%/year.

Bicycles 3.3x the modal share of bicycles as early as 20244a in 2028

Public transport +3% in modal share

Road transport (travellers) 5% shift towards active modes and public transport

Mass transport (freight) Stabilisation of modal shares of rail and riveidhe

Table 8: Evolution of modal shares 2015-2028

In the scenario, the rise of the traffic is supjbteebe controlled for personal transport and fietgansport.
The personal mobility increase by 7% between 201kb 2028 due to economic demographic growth. This
growth is different by transport mode: the colleetiransport increase of 24%, the use of bicycfaukiplied

by 4, the personal vehicle mobility increase orfl2% between 2015 and 2028 and the personal vehidfe

(in vehicle-km) decrease of 2% due to the incrediske number of persons per vehicle. The freigdffit in
t-km increase of 15% between 2015 and 2028. Thetigies per lorry raise from 9.75 to 10.4 tons |oery.
The traffic of lorries raise of 8% by 2028. Theffiaof light commercial vehicle raise of 8% in 282
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Private vehicles From 1.63 in 2015 to 1.69 in 2030
HGV From 9.75 tonnes in 2015 to 10.4 tonnes per vemc®28

Table 9:Evolution of vehicle occupancy rates 2015-2028

The evolution of traffics, the improvement in enecgnsumption of vehicles and the evolution ofehergy
mix lead to a decrease of energy consumption ospart sector. The energy scenario projected thed fi
energy consumption in 2028. The figure below shtivesarea in which the final energy consumptionhef t
transport sector would probably be, the two cumyigig the higher and lower situations dependingtan
macro-economic contexts.
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Figure 17: Past trend (2010-2016) and future sc&mé2016-2028) of final energy consumption in tiaomd
with MAEP implementation (TWh)

The energy mix of the sector will become more begainrenewable gas, electricity, biofuels).
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Figure 18: Evolution of final energy consumptiortrainsport sector with implementation of MAEP per
energy (TWh) in the baseline scenario
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consumption in 2016 was in line with this trendsttiod at 302 TWh. At constant climate, it is ddw®% and
is at its lowest level since 1990.

The fall in consumption in 2016 must be comparetl tiie almost stable production of manufacturirystry
(+0.1%), which consolidated a modest recovery falhg a steady decline between 2011 and 2014, and th
net rebound in construction (+3.5%) after a faR@15 (-4.5%). These developments overall reflentinued
energy efficiency gains in industry at a sustaipacde.

The final energy mix in industry has not changeainsince the end of the 2000s. In 2015, electrigidg the
leading energy consumed in industry, with 39% efittix, almost equal to gas (38%). Since 2010, hiages
of electricity has tended to increase slightlyle éxpense of gas. Petroleum products are the fthrna of
energy consumed in industry. Their share fell frb?&6 in 2007 to 9% in 2016. As for renewable enargie
their share has increased since 2007, from 4% tm@®16. The heat purchased by industrialistsesgmted
5% of the mix in 2016. Excluding the consumptiolafst furnaces, coal represented less than 4%ediral
energy mix in industry compared to 5% in 2007.

The fall in end-consumption in industry in 2016 waere or less marked depending on the energy type.
Adjusted for climate variations, electricity demamds almost stable in 2016 (-0.1%), after a drop.2% in
2015. A drop in consumption in the paper and caadtharon and steel, and non-ferrous metals (aliwmin
production) sectors, in a context of declining prtibn in these sectors, was offset by an incréase
consumption in the automotive and chemical sectang;h both expanded in 2016.

In a constant climate, gas consumption fell by 3i7%016, the third consecutive year of declinggra0.9%
in 2015. The key sectors in this decline are agpdf(where production was almost stable), papeirancand
steel. The consumption of chemistry, where actigigw by 2%, was relatively stable.

Coal consumption in industry dropped sharply by8i8 2016, to less than 11 TWh. Consumption byl stee
blast furnaces, which is not included in this toteds 38.4 TWh, also down (-6.4%) mainly due tod&eline
in steel production by the iron and steel industrgector that consumes coal.

The consumption of petroleum products in industrgharply down in a constant climate (-5.0% in 3016
continuing the trend of the last 20 years. The nmaason for this is substitution between enerdeshe
detriment of petroleum products, which are gengralbre expensive and pollute more.

Industrial consumption of thermal renewable enargied waste rose by 11.1% in 2016 compared to 2015,
17.4 TWh. Over a longer period, the consumptiothefmal renewable energies has been relativelyestab
since 1990. The production of paper and cardbogpdesents around 60% of this consumption. Thermal
renewable energies, directly consumed in indusimost exclusively consist of biomass, includingodp
wood waste and black liquor, a by-product of pgnép manufacture.

The heat purchased by manufacturers amounted 3or¥8h in 2016, up 19.4% from 2015. The level o&thi
consumption in 2016 was very close to the consumgt the start of the series in 2007.

The table below summarises the targets for finafrggnconsumption to be achieved as a result oétieegy
management measures in industry listed below.

The scenario related to industry considers thege®will become more power based and more efficldmy
will also use raw materials with low carbon impathe improvement in energy efficiency are different
between sectors. In 2030, the scenario supposesvaipent from 10% to 30%. A more circular econoBy i
implemented with recycling rates significantly ragsand more eco-design.

The following figure shows the area in which fiealergy consumption from industry would probablythe,
two curves giving the higher and lower situatiorpehding on the macro-economic contexts.
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The following figure shows the area in which firslergy consumption from agriculture would probdimy

the two curves giving the higher and lower situadidepending on the macro-economic contexts. Temgn
efficiency grows and the renewables share is dduldiée scenario is not really dependant on economic

evolution.
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Figure 23: Past trend (2010-2016) and future sc&mé2016-2028) of final energy consumption in
agriculture with MAEP implementation (TWh)
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Figure 24: Evolution of final energy consumptioragficulture sector with implementation of MAEP per
energy (TWh) in the baseline scenario
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Overall, the real primary energy mix in Metropatitkrance consists of 40.4% nuclear, 29.1% oil, %5.5
natural gas, 3.7% coal and 11.2% renewable eneagtbsvastegee Figure beloy The energy independence
rate is 53%.
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With the increase in the use of fossil fuels fac#licity generation and rising demand for petrotigaroducts,
CO; emissions related to the combustion of energyeamed by 3% in 2017 in real terms and by 4% ataohs
climate. Adjusted for climate variations, emissioamain 17% lower than in 2005, having fallen silgad
between this date and 2016.

In 2017, France mobilised 2747 TWh to meet a famdsumption (corrected for climate variations) 644
TWh. The difference consists of internal losses asels of the energy system, net electricity expairts
international air and maritime bunkers, conventilyrexcluded from consumption.
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Measures to control energy demand will enable agrailvreduction in the consumption of fossil fuels.
However, some additional measures will be requsedhat the reductions in consumption start witssilo
fuels, especially more carbon-rich fossil fuels.eTtables below summarise the particular fuel-specif
measures whose effect will supplement the energyralomeasures.

The implementation of the measures presented hielthe energy scenario shows the decrease in thed-i
below. The figure shows the area in which the prynemergy consumption of fossil fuel would be ir280
the two curves showing different cases dependirmg upacro-economic conditions.
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Figure 27: Past trend (2010-2016) and future scém&2016-2028) of primary energy consumption oéifos
fuels with MAEP implementation (TWh)
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Figure 28: Reduction in the primary consumptioriiasfsil fuel by energy vector
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The total consumption of coal-coke in industry veatimated in 2014 at 74.5 TWh. 80% of these uses ar
concentrated in the iron and steel industry.

The Grand Est and Nord-Pas-de-Calais regions atdourmore than half of the coal-using industries.
Metropolitan France has 126 industrial sites consgrooal in 11 regions: the Grand Est region (36s3j
Hauts-de-France (29) and Auvergne-Rhéne-Alpes {2®).other regions each account for fewer tharoad c
consuming industrial sites.
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Industrial sectors Coal-coke consumption
(Twh)
Steel industry 59.6
Chemistry (including plastics) 6.5
Agri-food industry 4
Non-metallic materials (glass, cement, tiles arnckis) 2.6
Mechanical Engineering, Electronics and Metalwogkfimcluding 1.5
smelting)
Paper, cardboard 0.2
Automotive and Aircraft Construction 0.1
Non-ferrous materials 0.05
Total 74.5

Table 10: Coal consumption by type of industry)uadiaog use of industrial coal-coke raw material.
Excluding natural gas and petroleum products usechiv material

Year 2014, Final energy, Source: Ademe (2018), rdoag to Ceren.

As regards heat, there are already possible usessié or biomass for industrial needs. For cerplerstier
manufacturers, and given the constraints in terfnsnoperature, waste could be recycled for 80%eofiand,
while biomass, SRF or biogas could be used in atiglerstries including agri-food, cardboard, supaet and
alfalfa drying.

Increasing the share of renewable and recovereryene urban heating networks or for the supply of
industrial platforms could also reduce coal constimnp

The industrial process of the iron and steel imyusbmbines the use of coas a fuel and as a chemical
agent? In this sector, it is not certain that mass stistin of coal is possible. Different solutions éested
not only in terms of a change in the industrialgess, with the development of carbon-free produoctio
technologies such as the production of steel bydgeh, but also its adaptation with the substitutd coal

in blast furnaces by roasted pellets. This lagtattbn, which would offer the possibility of patisubstitution
up to 25% but which could pose difficulties relatito its supply as biomass, is currently beingasdeed in
the context of future investments.

For all these industries, the recovery of wasté isealso to be integrated at the point of coakstition.
& #

Industry today consumes a large amount of fossikftor non-energy uses. In particular, the martufacof
plastic in chemistry requires naphtha; fertilisesquction requires hydrogen produced from reformaiiral
gas; and the iron and steel industry requires tottie manufacture of steel. For coal, this reprtegk an
equivalent consumption of 35 TWh in 2016 accordmthe energy balance sheet.

4 Steel is manufactured in a blast furnace fromstlfinace combustion of ore and coke.
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There are 10 coal-fired heating networks: in 2Qkéir consumption was 238,575 tonnes of coal, edent
to about 1.9 TWh, or 6% of inputs.

Coal consumption in the residential sector is e at 0.46 TWh. This consumption is equivale2d®00
dwellings. The ANGDM (National Agency for the Righaf Miners) estimates that the vast majority adleo
heated dwellings are in the Haut-de-France regrainly because of its mining and industrial paste Tise

of coal as heating energy accounts for 3% of atltimgs. The ANDGM, in particular, has identifiedtiveen
500 and 1000 households that are heated mainlydalficed stoves. The occupants are former miners o
widows of miners. The ANGDM estimates that the st@rcoal in collective dwellings is decreasingdese

of the conversion operations being rolled out.

Given that the vast majority of households usea stove and not a boiler, the most accessiblenaitive
technologies are wood or pellet stoves, electrigtdrs, or air-to-air heat pumps (most often withaam
conditioning option). For reasons of investment asage costs, it is proposed that we prioritistapg coal
heating with biomass stoves.

The implementation of the measures mentioned irst¢le@ario will reach a decrease in the coal consamp
presented in the figure below. The scenario isdependant upon the economic context.

Figure 30: Past trend (2010-2016) and future scémé2016-2028) of primary energy consumption ofl coa
with MAEP implementation (TWh)
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Source: SDES calculations, from CPDP, CFBP, Ins&8P, SFIC, Uniper, Customs, DGEC, Ministry of
Defence, EDF, Citepa

Figure 31: Total consumption of refined petroleurnduicts by sector (excluding biofuéisiTWh)

Oil is the fossil fuel that causes the most greesbaas emissions after coal. Reducing its useiefore an
issue to be addressed. The outcomes of oil denmzamhgos, taking account of the measures thathaill
adopted, are shown in the table below.

Measures to control sectoral energy demand vélf plrole in reducing the demand for coal, inclgdiarbon
contribution and all measures taken to reduce gnagsumption in transport. Some specific meastinats
complement them are also planned.

The implementation of the measures mentioned irstie@ario will reach a decrease in the oil consionpt
presented in the figure below. The figure showstiea in which the primary energy consumption bivould
be in 2028, the two curves showing different calkg®ending upon macro-economic conditions.
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Measures to promote renewable energies are sehteva the objectives set by law. As these targets
expressed in terms of share of renewables in tagggrconsumption, the amount of renewable energgeta
depends on the amount of energy consumed. The mmtisun of energy depends on the macroeconomic
context. That is why the 2028 targets are expreasedrange (high and low) that will achieve thalgof the

law. Depending on the macroeconomic context, tontaa the same share of renewable energies, the
government could strengthen the policy measures.

3.1. Renewable and recovered heat and cold

Heat represents 42% of end-use energy consumptidle6, i.e. 741TWh. The tertiary and residengaksr
accounts for 65% of end-use heat consumption, vhdastry accounts for 30%, with the share related
agriculture being low.

Heat is mainly produced from gas, at 40%, followgdenewable energies (biomass, heat pumps, gewther
biogas, solar thermal), at 21%, electricity andgieat 18% and 16% respectively and, marginattyyf coal,
at 5%.

The share of renewable energies has grown by 0.géarmsince 2010. This significant increase isrdseilt
of simultaneous growth in heat production from wealele sources, together with a reduction in endhese
consumption. In 2028 the heat production from reatde sources could be between 218 and 247 TWh.

Total heat demand is projected to be 690TWh in 202#8635TWh in 2028.

The Energy Transition for Green Growth Act (LTEC3&ts a 38% target for the share of renewable emergy
end-use heat consumption in 2030. To achieve thah the increase of the share of renewable haat be
accelerated to reach an average increase of 1.2%4epe 1.5 times faster than that recorded betv2€d
and 2016. The LTECV also sets a target of a fivd-focrease in the amount of heating and coolimgnfr
renewable sources and from waste heat and colglisdy district heating and cooling between 2aha
2030.

France also has European commitments with an dvarget of 23% renewable energies by 2020, broken
down for into a target of 33% renewable heat by020is target does not seem to be achievable éy th
planned deadline. The Renewable Energy Directigebie®n recently updated and published, it reqeineh
Member State to increase the share of renewablecgodery energieis the heating and cooling sector by at
least 1.3 points per year between 2020 and 2038.0ljective is compatible with the framework sgtthe
LTECV and the targets of the Multi-Annual EnergaiP(MAEP).

The table below illustrates the progress of rendsvakat and the comparison with the targets sehéy
previous MAEP for 2018-2023.

MAEP Obijective Lower MAEP Higher MAEP
2012 2016 2018 Objective 2023 | Objective 2023
127,7 TWh 154,6TWh 173TWh 200TWh 221TWh

Table 3: The renewable heat targets set by the Madipted in 2016 and the achievements for 2012
(baseline year) and 2016.

60



dy
% ®. l ENERGY SUPPLY / PROMOTING THE RENEWABLE
AND RECOVERED ENERGIES

ol
@ (7 MULTI ANNUAL ENERGY PLAN

= 2019-2023 2024-2028




4
5%5 8. Lr C.i‘i'f“' i ENERGY SUPPLY / PROMOTING THE RENEWABLE
Fl /_ % AND RECOVERED ENERGIES
u"‘
@ MULTI ANNUAL ENERGY PLAN
— 2019-2023 2024-2028
, 6417A /6 6 )
I 2,111 + -
> +
*
300
280 © %) # 6
"0
260 ® © R - © 247
®
240 222
220
200
180
160
140
120
100 -
O — N MO T W0 W M~ 0 0O O T NN M T N W N~
.— T v wm w= oy = ow=m ow= o= OO NN DN NN
o O O 9O 9 ©O O 0O 0O O 0 9O 9 9O oo 9 9o 9O 9
O NN N NN NN NN N NN NN NN NN
7 ,t #O#"
& n
&
) O 417G ;15
*1
+
R A 417G . 6
417G ;1@ +*" 411A 417G ( ??1
?G1 *
. ‘g 1>134 2 % 1;>1 =% I;>1
) 34 2 34 2
?Ll@ ?47'@ 7A@ ?8?l@ ?G7'@
(+ 7 (# b # O+ + # - I #
# & + ! /
! 3" 2E 417 ;
4147  *|
) * # " ! "
@ + "3 6
*+* | )

62




ENERGY SUPPLY / PROMOTING THE RENEWABLE
AND RECOVERED ENERGIES

MULTI ANNUAL ENERGY PLAN

----- B
4 |

2019-2023 2024-2028

In the domestic wood / biomass sector, there Isastaen a decrease since 2014 in the sales of iomesd
devices (closed fireplaces, inserts and log staaed)a growth in the pellet stove sector (averat§e #year).
The overall decline in this sector slowed down®i@ (-9% in 2016/2015, compared to -18% in 20143201

The chapter on biomass resources is addressedtiorse ! &

Under a European agreement, the heat generatedcimeiated household waste with energy recovery is
considered to be 50% renewable. This resource@mted for with biomass. There is no objectivimtoease
this resource, but only to maximise the energyvegoof a resource for which the trend will be devand.

Yields

Wood can be used directly in devices to produce B#amass does not require a conversion stage tesbd
as fuel.

Independent wood devices referenced under the disaee label have good yields (>75% for inserissed
fireplaces and log stoves, and 87% for pellet pvin the tertiary collective and industrial sectihe
efficiency of boilers reaches 85% on average afd @ben they supply a district heating and cooling.

In addition to the upstream challenges of mobigisimomass, it is important to promote the most gyer
efficient uses of biomass. The use of biomass peat production , should be promoted. It is alspdrtant
to continue the energy recovery of waste treatraeit$ (addressed in a dedicated chapter).

Sector support issues

The increase of the price for fossil fuels coulfluience in a positive way the investments into vesigle
heating solutions (investments have been decreasiog 2013 due to lower gas prices). Additiondbas,
such as the increase of the heat fund amount andetbase and simplification of the heat fund rubee
needed to reinvigorate investments.

This will enable support for projects in industagriculture and the tertiary sector, through BCi#bject
calls, and for collective boilers, possibly linkeda district heating. Support through the CITEifatividual
wood-burning equipment is also a major challengetfe sector.

Costs

The solid biomass sector has competitive full podidn costs. So, for households, the cost of heatyztion

from a log-burning stove is between €48 and €6WHhvand from pellets between €86 and €103 / MWh. For
MGO M??1$3@

production costs are between €48 and €73 / MWHowever, the investment cost is higher than tlidhe

benchmark fossil-fuel solutions, which explains whig sector requires support.

No significant reduction is envisaged in terms aiduction costs for the biomass sector within th&B@
timescales. One of the challenges of the secttw evelop a more efficient French combustion devic
industry by 2022, in anticipation of changes indp&an Eco-design regulatiofiand to reduce the production
costs of the most powerful devices (6 and 7 stars).

The characteristics of the sector in terms of eyplent

The wood energy sector generates more than 22gb30in France, including 70% for the domestic wood
industry®. In 2016, the sector had a ratio of 179 jobs p&hTproduced.

Source: ADEME study “renewable energy costs” Bdit2016.

1 " & 1& 0:
1&

< | )5F4 & 0 "G
63



ENERGY SUPPLY / PROMOTING THE RENEWABLE
AND RECOVERED ENERGIES

MULTI ANNUAL ENERGY PLAN
2019- 2023 2024-2028

About 50% of these jobs are direct — those involndte biofuels production and usage chain (ssdomestry
work) or the manufacture and maintenance of boilEng sector relies on national know-how with openis
present throughout the value chain. The Frenchsimidlicontext consists of companies operatinfpénareas

of stoves, inserts, boilers and flues for the ddimesctot’, companies positioned in the manufacture of wood
boilers, and companies involved in the operatiomafer rooms for the collective / tertiary and ustrial
sector. The total market is €2.8 billion for thevdestic wood sector, and €1.7 billion for the cdiles; tertiary
and industrial sectors. The use of RGE- (Frencliremmental sustainability label) certified instafiesets the
conditions for grants to individuals. The qualifioa of wood energy installers through the Quakband
Qualibat labels will continue.

Environmental challenges

The increase of the mobilisation of biomass isafribe priorities of green growth and the fightiagaclimate
change. This mobilisation must be carried out Hyeaithg to sustainable practices and must be anesleaf
reflection on the best operational coordinationgds. Cultural practices and mobilised resourcas porate
the challenges of carbon storage in soil, the reaiance of biodiversity, and adaptation to climai@nge. The
National Biomass Mobilisation Strategy (SNMB) deasmt chapter to the conditions of this mobilisation

Improved air quality is a key issue, which involvée replacement of older devices with more effitie
equipments (minimum 6-star class under the "grizame” label®), notably by maintaining the CITE and the
ADEME Air-Wood Fund. In 2016, between 7.3 and 7i8iom households used wood, 1.1 million of which
were open fireplaces. Performances in terms of spimeric emissions are progressing well. All pertnges
will be statutory at EC level in 2020 (boilers) &2 (independent equipments).

Additional measures are needed to promote the fudeyavood: a dry, split and debarked fuel emitanhe
ten times fewer particles than an unlabelled cororakfuef®, the difference being even greater with a self-
consumption fuel. A national awareness campaignidvalso enable the development of a superviseaisect
and would be able to meet air quality challenges.

A four-year experiment was launched in 2013 unkder®tmosphere Protection Plan (PPA) of the Arvéeyal
(74) in order to renew individual wood-burning @i$dtions. Based on this example, the Air-Wood Fund
sponsored by ADEME aims to reduce particle emissfoom individual wood-burning in the PPAs and will
continue, with targeted actions where relevant famvironmental and economic points of view.

Finally, in order to properly assess the impadiiofmass projects, emission factors need to be egdattake
account of bag filter processing technologies urdiarelopment. Emission values for NOx and dust from
district heating plants with a capacity in excels8aMW will be updated by CITEPA in the first half 2018.

A review of emission factors for medium and smalbacity industrial boilers will begin mid-year amdist
continue.
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Lower MAEP Ugg‘;r

2012 2016 2018 Objective S

2023 Objective

2023

Aerothermal heat pumps | 14 5T\wh 22.2TWh 21TWh 27TWh 30TWh
Geothermal heat pumps | 5 g\ 3.1TWh 4.6TWh 5.8TWh 7TWh

Table 5: The targets for renewable heat from hemhps set by the MAEP adopted in 2016 and the
achievements for 2012 (baseline year) and 2016.

The ambitious objectives of the previous MAEP eiserdor 2018 had already been surpassed in 20¥5. Th
overall dynamics of the heat pump sector are indexhger than expected. However, the situatioferdif
between aerothermal heat pumps and geothermaptegts: there is a huge development in the airlieat
pump market, with a slowdown in the developmeratiof water heat pumps and a major decline in gaothl
heat pumps (-15% sales per year since 2008).

Heat pumps have potential for development, padityin private dwellings (new and renovated) amdhie
tertiary sector. AFPAC estimates the maximum paétd be 75TWh in the residential sector and 4w
the tertiary sector by 2050.

Yield

Heat pumps consume electricity or fuel (gas or-tikl Their performance is described by a coedinti( COP)
expressing the energy consumed / energy returriied Tdne COP of heat pumps is between 3 and 4.5 for
heating and between 2.5 and 3 for hot water. Oydyesns with a COP above 2.5 are taken into acdount
the achievement of European renewables targetdh&weaal heat pumps have the highest COPs. There is
room for improvement in increasing the COPs of Ipeabps.

Sector support issues

There has been a direct impact of State suppoitig®lon the development of the sector since 2bi@ét
pumps benefit from the energy transition tax creghich has been 30% since 2015 (based on elitibili
conditions). A lower VAT rate is also applicablette installation of heat pumps eligible for thelEl It is
thus important to maintain this support for thetsec

In collective, tertiary and industry, the Heat Fusupports projects for heat pump-assisted geothdres
production. Since 2018, the Heat Fund has also fieancing the most efficient renewable cold prdihre
systems, including those using district heatingebdageothermal heat pumps. Support for renewabtkinol
the Heat Fund, and the recognition of renewabld aolthe Renewable Energy Directive are important
challenges for the support of geothermal heat pusgyecially in the tertiary sector.

Thermal Regulation challenges

Thermal regulation requirements for new buildingstaaving a major impact on the development os#ator
(the growth of heat pumps and thermodynamic wagatdrs in new buildings was boosted by the cunwalati
effect of RT2012 and CITE). To continue this dynayitiis essential to set ambitious targets foufeithermal
regulations based on the "Energy 3" level of theesu E+C- label at the very least, and by imposing
ambitious renewable heat minimum threshold fonaWw buildings (private, collective and tertidfy)

A &l & & J & +
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There are 71 deep geothermal energy installatiofsdance, of which 49 are located in the Parisrhad in
the Aquitaine basin, with the others in Alsace, Ri®ne Valley and Limagne. These installations jpied a
total of 1570GWh of renewable thermal generatio0d6. 90% of this production was for district egt
8% for agriculture and 2% for thermal establishraent

Lower MAEP Objective \Higher MAEP Objective
2012 2016 2023 2023
1.2TWh 1.6TWh 4.6TWh 6.4TWh

Table 14: The targets for renewable heat from dgpsgthermal energy set by the MAEP adopted in 206 a
the achievements for 2012 (baseline year) and 2016.

The current rate of development of low and medimergy geothermal heat production does not matdh tha
predicted by the previous MAEP exercise. Theradeed a stagnation that could continue, as fevepi®pare

in the study phase. The current average rate isWWBNlyear between 2010 and 2016, whereas it woeld b
necessary to reach a rate of six to ten times highesach the low-to-high objectives of the MAEP 2023.

It is therefore important to boost support but dtsoeview the 2023 target downward and aim forudlsox
operations a year of 10MW thermal units between82&id 2023 and 11 operations per year of 10MWh
between 2024 and 2028.

The use of deep geothermal energy is limited tdicsemtly deep and permeable geological formations
containing aquifers whose water has been heatquldien in contact with the rocks. One of the chajks
of the sector relates to the development of deethgemal energy coupled with heat networks in BeFdance
(creation, extension of existing networks, conwarsof networks using fossil fuels to geothermal) &iso
other less well-known aquifers than Dogger. Otlespdaquifers have a high potential deposits birtphecise

) ! < sitano aquifers in lle-de-France, aquifers in tgiaine
Basin, Alsace, the Hauts de France and the Prowkipes-Cotes d'Azur region. The maximum potential o
deep geothermal energy for heat production is esticdhto be 5.8TWh.
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I:] Massifs cristallins : aquiféres superficiels discontinus - Massifs volcaniques récents
I:] Chaines récentes : aquiféres superficiels discontinus 4 Site géothermique en cours d'étude

\:| Bassins sédimentaires peu profonds ® Source thermale 25°C < T° < 80°C
(aquiféres continus)

- Bassins sédimentaires profonds
(aquiféres continus)

Il Aquiféres continus profonds, ressources prouvées I\

ou probables (température > 70°C)

© Gisement de vapeur

BASSIN DEPARIS
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Figure 38: Map of aquifers in mainland France (Sceir©BRGM IM@Gé)
Socio-economic, industrial and environmental issues
Yield

The energy yield of deep geothermal operationgig gyood, especially when coupled with districativey.
It is estimated that the yield is around 95%. Dgepthermal energy is also a long-term energy:iteef a
well is at least 30 years.

Coordination

One of the challenges of geothermal energy is taigdocal coordination: the regions where a dddita
geothermal coordinator is in place show a more edhdynamic of development of the sector (e.g. @evif

de Loire, Hauts de France, Grand Est). Also, atleae trained coordinator per large region wowdip o
raise the awareness of both individuals and pufbligrivate institutions about the advantages otlygmonal
energy for the production of heat and / or coldisTdction should be promoted by both ADEME and the
Regions concerned.

Coverage of geological hazards
Geological hazards linked to the discovery of aowese with the appropriate temperature and flow
characteristics, hinders the development of prejeetirthermore, investment in this prospecting phas
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costly, which means that the risk of an insuffitiEmsource must be insured. Accordingly, sincel@®0s, the
SAF Environnement Fund has covered both the short-term risk ((insieffit geothermal resources) and the
long-term risk (reduced exploitability of the geetimal resource) for projects aimed at producing.dse
continuation of this mechanism, which has provddatize, must be guaranteed and made scalablehieee
next issue on little known aquifers).

Furthermore, the establishment of the GEODEEP GieeaFund, with the support of ADEME and the
participation of the Caisse des Dépbts et Condigmatwill make it possible to cover the risk ofotmgical
hazards in the drilling phase for projects in Maird France producing heat, and whose estimateckttetnpe

is higher than 120°C, to produce electricity arat heat where the resource is located in less kneilwn
mainland geological contexts. This mechanism isanily being reported to the European Commissiahian
is important to finalise it to support all deep temal projects that will be filed.

The Heat Fund already supports deep geothermadinges (production of doublets or triplets and a&ged
heat networks). It could be planned to try to stateioperations on insufficiently known aquifersgy.eoy
financing additional prospecting activity (3D seisraurveys, etc.) to provide a guarantee for thiéirdy to
be carried out. A study on this potential developt®uld be conducted as of 2019 in order to detexrtihe
exact methods and the necessary staffing, for ebeaimphe context of the doubling of the Heat Fund.

Innovation

The sector benefits from French know-how and mashtain its lead in terms of innovation. The depahent

of geothermally-sourced cold / hot coupled netwaska major challenge. The revision of the Renewabl
Energy Directive, currently being negotiated, afboa new sense of importance to renewable coldiptimeh.
Furthermore, an amendment to the Mining Code eitiglimentioning cold production using geothermal
energy could be used to develop this technology.

Since 2018, the Heat Fund has been supporting edslewold technologies with a high degree of edficly.
Costs

Low and medium temperature thermal energy techiydkgrell developed. While investment costs ardnhig
and require major capital input (return period extieg ten years excluding grants), running costs lay
contrast, low, which makes this one of the leastlgaenewable energies over the long-term anduin t
provides a guarantee of price stability. Accordin\DEME, the full cost of production of deep geertimal
energy is €74 to €99 / MWh. Work in the sectorngaing for better identification of the costs peehinology
and for a better description of the life cycle gae. The potential for innovation exists in mosg®ents of
the project value chain (sub-horizontal, multi-$hafilling, optimisation of the operation of reseins,
materials, etc.). Production costs should therefemeain stable or slightly decrease.

The characteristics of the sector in terms of eymlent

The low-energy geothermal energy market in 2014 uanteml to €53M. Drilling companies (including low
geothermal energy drilling companies) account ke 2400 full-time employees and geothermal enfrgy
grid-based heat generation also mobilises full-tgrid operators. The professionals are trainedcantfied,
and the French sector benefits from know-how. [b&2@he sector had a ratio of 1500 jobs per TWidpced.

It is mainly in the prospecting phase that certédks and nuisances are noted, especially duringngr
operations (risk of creating connections betweemrse aquifers, lorry traffic, etc.). The existinggulatory
system (Mining Code, law on water) oversees thdémpntation of operations to minimise nuisances.

During the prospecting phase, geothermal operatians little or no impact. The main issue thus eons
the possibility of depleting the resource, whichlddoe mitigated by alternating production of hotl@old or
by refilling the subsoil (cooling of buildings, samar injection of solar energy or excess waste gferg
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3.1.4. Solar thermal energy

In 2016, in mainland France, total solar thermatig@oresources occupied an installed area of 2.flomin?
with a total production of 1.17TWh / year. The aigd surface in the residential sector represe4fis of the
total area, 43% in the tertiary sector and 3.5%dlustry and agriculture.

Solar thermal technology is used exclusively far gnoduction of domestic hot water (from a singiars
water heater or a domestic hot water system) othiijoint production of hot water and heating (bamed
solar system).

Lower MAEP Obijective 'Higher MAEP Objective
2012 2016 2023 2023
1TWh 1.17TWh 3.1TWh 4.6TWh

Table 15: The targets for renewable heat from stharmal energy set by the MAEP adopted in 2016 and
the achievements for 2012 (baseline year) and 2016.

The previous MAEP provided for the revitalisatidrsolar thermal energy through large-scale appbioatin
collective and industry heating and in district thegaand prospects in the private residential apltkctive
sectors for enhancing thermal regulation in thelpation of renewable heat. The end-use consumpfibeat
from solar thermal was based on an average rd@®000m? installed per year in private dwellingd about
200,000m? installed per year in the collectivertidey sector. In 2015, less than 100,000m?2 westalted in
all sectors, so the rate was three times lower2B@B8, the MAEP objectives need a five to nine-iaktease
in the m? of thermal surface area to be installedyear on average over the 2016-2023 period caedar
2015. There were some encouraging signs in 20Lh, asisolar in collective applications haltingdé&line,
and growth in the combined solar segment (fewer 80 installations per year).

France has particularly good solar resources, ngrfifith in Europe. The maximum potential of sdlaermal
is estimated at 6TWh (by 2050).

Yield
The energy yield varies depending on the climatitezin which the solar equipment is installed:

The productivity of the individual facilities is@ind 300kwh / m2 / year in the North of France and
8ll1@ $HS ,

The productivity of collective or on-grid facilisas around 450kwWh / m2 / year in the North of E&n
and 600kWh / m2/ ye ,

The productivity of industrial equipment in the 8oof France is around 700kWh / m? / year. They
are used as an additional resource and can pr80deof the heating demand of a manufacturer.

The seasonal energy efficiency of combined solatesys is greater than or equal to 90%. Energyieffoy
for water heating varies between 65% and 85% depgrmh the extraction profile. In terms of meeting
demand:

Solar water heaters provide 50 to 60% of domestisMater (DHW) needs.

Combined solar systems provide 30% of cumulativéADH hot water requirements, distributed 60
to 70% DHW versus 1885
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Collective and tertiary solar water heaters provif®6 of so-called “on tap” clean hot water
requirements.

Thermal regulation issues

Following a period of marked growth until 2008isithe domestic solar market in particular that$een the
sharpest decline. Despite the requirement foraet I8kWh / m2 of renewable energy in new privateltiags,
solar thermal energy is struggling to develop bsedaticompetes with other renewable equipment \wikker
installation costs and which also meet the RT2G&2mal regulation criteria. Enhancing these caterould
make it possible to use the most efficient solaiggent.

As the markets for new collective or tertiary builgs are not under an obligation to include rendgab
energies, they are not developing in this markieé fevision of the Renewable Energy Directivetsrcurrent
wording, provides for a minimum renewable enerdg ma all new and heavily renovated buildings, urithg

in the collective and tertiary sector (in addittorprivate dwellings). The installation of solaetimal energy
in new builds and in renovations would actuallysgthis new requirement. The modernisation ofRi@012
calculation engine is currently being consideredrer to upgrade the energy regulation, coordinasind
storage systems, and would be favourable to thelolement of the sector. Finally, an obligationtisdy the
solar thermal solution in new operations was swgfag launched in Brittany by the Brest conurbati&and
could be duplicated in other regions.

In renovation, solar thermal installations areibligyfor the CITE (energy transition tax credit)TE grants,
differentiated based on technologies, would faxsmlar solutions with regard to their performance.

The dissemination of combined solar systems is sipported as part of the boost provided by therggn
savings 2018-2020" initiative. This scheme provifl@sthe introduction of rebates for certain opienag
undertaken between 1 April 2018 and 31 DecembeB 2fiz energy-poor households replacing oil-fired
boilers with equipment using renewable energiesnfliss boiler, air / water, water / water or hylreht
pumps, combined solar system, connection to arfeatork).

Potential of solar energy on the grid and in inawyst

An opportunity for the development of solar thermaérgy in industry and on district heating andliogas
there to be taken. The Heat Fund would enable supmosolar energy in these sectors. Innovativiarso
concentration technology is already being suppoviadhe Heat Fund’s call for projects on new erimarg
technologies and must continue. In industry, newiress models are developing, such as sale by kWh o
leasing, which make it possible to offer competitibeals for gas (including the cost of storagenalfy,
studying the replacement of energy in favour okaewable solution in energy audits would also make
possible to raise awareness about solar altersadive their benefits.

Solar thermal energy has major potential. It is'dampetition” with the photovoltaic sector insofas it
mobilises the same surfaces and investment cagmcithe sector's maximum potential lies in theectilve
sector (including on the grid), the tertiary seaad in industry, where large surface areas caieptoyed,
thus lowering costs. The sector believes thatliis the immediate capacity to manufacture andlinktee
to four times more solar thermal equipment thamyod@he sector today is mostly export-based.

Current and foreseeable costs

The full cost of producing solar heat in privatealtimgs is higher than that of thermodynamic wéteaters.
For combined solar systems, it is between €225€38d / MWh?! The cost of heat in the collective sector is
40% lower than in private dwellings at €78 to €1MWh. On-grid solar energy also offers interestogts

at between €76 and €128 / MWh.

Professionals foresee a 10 to 15% reduction inWeeall 20-year cost by 2025 for solar water hesaded for
combined solar systems. Lower costs are also egedlstor solar energy in industry.
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The potential of industrial waste heat at more tBarC is estimated to be 109T¥hwhile the national
resource of waste heat from household waste trestomets (excluding the optimisation of existingitsi
wastewater treatment plants and from data cergeBs4irfWh. The amount of waste heat at more tha@ 60°
available near to existing district heating netvadgkquantified at 12.3TWh, including 56 sites resaexisting
district heating, which total 9TWh. Considering tthecline in energy consumption in industry by 2088,
can estimate a maximum recoverable potential imétevorks of 7.7TWh.

The maximum potential of household waste energgvwery units following optimisation / modificatiorf o
existing units is estimated at 10TWh of additidmedt compared to 2009, of which 6 TWh could supiridt
heating and cooling (at an equivalent amount o$tevdourned). This represents a total potential td 9
10.5TWh in heat delivered by district heating amaling from the energy recovery units. Finally,idol
recovered fuels are also likely to contribute up.@I'Wh to the development of heat recovery inihgaand
cooling networks.

There is also potential for heat recovery from wasiter. The resources in Tle de France have beemna¢sd
at 2TWh of which 1.1TWh is recoverable. An estin@dtéhe potential of each region could thus be tped
during the SRADDET (Regional Planning, Sustain&l@gelopment & Territorial Equality Scheme). ADEME
could also assess this potential when updatirguidy on fatal heat.

The challenges of industrial heat recovery mairdypaern contracting capacity between industrialists,
between an industrialist and a district heatind(jeor private). Issues of duration of commitmeand more
generally of economic returns, can also hindergutsj A study of the financing of ongoing industrescovery

investments will identify the obstacles to the depeent of projects, as well as the levers of actm be

implemented (financial, regulatory, fiscal, efé.Bince 2015, the Heat Fund has been supportinge vihastt
recovery projects. This progress must be contifiyetdrgeting a specific action on the 50 or sasientified

near an existing network.

Since 2015, classified facilities for environmergedtection over 20MW with non-recovered waste meast
30%conduct a cost-benefit analysis on the opportusfitcovering it in a district heating. Similargny new or
substantially refurbished energy production inatadh with a total thermal input exceeding 20MW icected
to a district heating shall prioritise the feastpibf using waste heat from sites near the netvbeflore sizing.
This study, when it is legally required, is now afi¢he list of documents that must be providedwanty grant
application to the Heat Fund.

The specific issues of waste energy recovery (diolWtE units, SRF, etc.) are discussed in se@i@n

The recovery of waste heat by a factory is pathefprocess for supplying cheap energy in a gieettary,
which enhances the attractiveness of the area elpd bBustain industrial activity. Dialogue, the ratg of
services, and the creation of energy infrastrustimeareas where intensive industries are groupztialy
to favour energy exchanges between stakeholdemsnfjcmities, companies, etc.).

Current and foreseeable costs

The average cost of heat recovery projects fungatidHeat Fund is €97 / MWh (excluding grants)s Iof
note that the cost of the heat sold by the WtEsunithe heating networks is very competitive, atb€10 to
€25/ MWh.

6 Source: “Industrial waste heat, edition 2017”, ADEM

A conducted by ADEME in 2018.
< "& 5&
7 - & &
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Waste use for energy production purpose contriliotése circular economy so long as recovered wasitl
not have been avoided or recovered in the formatenals. The LTCEV set two principles for wastemy
recovery: the principle of treatment near the seuand the research of efficient waste energy regove
processes. In 2016, waste energy recovery acctamts
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3,3 TWh produced by biogas from non-hazardous waast#ills (ISDND) ;
9,4 TWh produced by household waste incineratiantsl (UIOM) ;
5,5 TWh produced by biogas from methanisation.

Plants for the co-incineration of wastealso produce several TWh of energy recovered fraste.

The circular economy policy initiated by the LTCEWould deeply change the waste energy recoverg.tren
Waste stream will be massively redirected. By 2025:

9.8 Mt fewer wastes would be landfilled in ISDND, particular biowaste, i.e. gas emitting waste.
This trend will lead to a 25% reduction of biogasduction in ISDND that is to say a 2.5 TWh

UIOM will receive 2.9 Mt lesser household waste fHEBOOkWh/t) and an extra 1.5 Mt of recycling
rejects (HHV 2800 kWh/t). It should lead to a 2\WWh reduction of energy production

8 Mt of biowaste should be collected separately lamaecovered. Half of them (4Mt) will be use
through methanisation. It wil ) 451@

2.4 Mt of high calorific recycling rejects (HHV 36&kWh/t) will be turned into solid recovery fuel
and be able to generate 8.4 TWh of energy.

Some of the waste for energy recovery could beestitip thermal treatment like pyrogasification. 3de
processes are still under development in Francetaadturrently not possible to determine the antoof
waste that will be recovered through these methods.

Considering diversion of biowaste from landfillsetEuropean Commission outlines th& 86 January 2017
that biogas recovery from ISDND is not anymorergdtaas such. For that reason, the support mechdais
gas injection intended to power generation willque to completion but will not be extended beydnhd.
provides no later than 2023 an extra capacity oM8@ of new facilities. Support mechanisms shoukkta
into account the deposit decrease and assist tieegted sectors.

Household waste incineration plants

126 household waste incineration plants are irestath France. In 2015, the 113 installations egegtipyith
energy recovery device have produced 2.3 TWh dftidgy and 7.1 TWh of heat. These facilities are
composed of:

52 units accounted for 56 % of incinerated wastgichvare considered as energy utilisation units
.R%?+

GO 045 2%7S1*G  1*G8+

10 small units accounted for 2% of incinerated wast waste disposal facilities (no recovery). These
10 units are small ones destined to close in theviing years.

Lots of very small and quite old facilities areaisstalled and had major upgrading to standardetar@ance
in the early 2000s.

The current fleet of waste energy recovery pladipa continuously and recovery of residual energynf
incineration is expected to become widespread awkldp. By 2025, Incineration plants without waste
recovery are expected to close. Few facilities dlbuilt in the following years. Therefore, itdeicial to
support the optimisation of existing units. Thisicbbe made through a support of optimisation vaslpart

31 Facility for which main purpose is to producemrgy or material products and which uses wasteegglar fuel or
secondary fuel or in which a thermal process isl iesewaste disposal.
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of the Heat Fund and the Waste Fund. ADEME monitoisoptimisation work and raises awareness among
local authorities about benefits of an optimal ggerecovery of their facilities (economic, taxation
environmental impacts, local development, employmgn

A BREF is currently under developmentlt will make mandatory energy performance schémgsis
optimisation could lead to an extra heat generdigiween 7 and 10 TWh included 60% (4 to 6 TWhjided
to heating and cooling networks. It would be appedp to maintain aid paid under the Waste Fund (arder
the Heat Fund concerning heating and cooling nédsyor

In 2028, heating generation from UIOM should benaetn 15 and 18 TWh and electrical power generation
should account for 2.3 TWh.

Facilities of energy generation coming from refuseterived fuels (CSR) combustion

In 2017, 800 kt of CSR were produced in France:Kt@@ere exported, 300 kt were used by the cenentog

200 kt were used by facilities supported as pathefADEME call for Refuse-Derived Fuel projectsl &0

kt don't find any outlets. By 2025, CSR annual dgpes expected to be 2.5 Mt included 1 Mt for co-
incineration in ciment factories. A 1.4 Mt depo&@tound 4.9 TWh) could be geared towards CSR energy
recovery units. Nevertheless, this stream is exgetd decrease over time because of the efficiaficy
prevention and material recovery improvement pe$ici

Waste energy generation outputs range between 2&004@% for power generation, depending on the
technologies used, between 45% and 55% for hedtption through cogeneration and around 90% foe pur
heat generation. Priority is therefore given tothpeaduction.

Deposit for CSR without any identified outlet hasrefore a potential of 200 kt in 2018 with an ease of
approximately 150 kt each year until 2025. A anmakntial of 200 kt will be geared towards te

call for Refuse-Derived Fuel projects, paid under Waste Fund of up to €30 million correspondind.Q0
MW PCI each year. The support cost of this calldiajects amounts to €3.5/MWh on average over ge20-
period in the form of investment aids.

The Waste Fund finances via the call of Refusedv@drFuel projects metropolitan CSR (100% CSR) heat
generation. Concerning the Heat Fund, it finanbesheating networks which recovered energy gergtrate
from CSR by way of recovery energy, in complianathwhe LTECV objective of a 5-fold increase of the
amount of renewable heat and cooling and of thevery in these networks by 2030. The reduced r#&€ V

of 5.5% is also already applicable to networks Whised more than 50 % of renewable and recovemnggne
included waste.

Biofuel and biogas production

The inputs that can be used in a methaniser ina@ely household and professional waste (food eyast
vegetable waste), plant waste, sewage sludge (arighimdustrial), livestock effluents, by-produfrtsm agri-
food industries and agricultural biomass (energypsy agricultural residues...) or other recoverabgguoic
waste from sanitation3"”  of these inputs, such as fats, offer resources dhatalso be used for the
production of biofuels. Others are by-products fragni-food industries whose existing recoveriesusthoot
be unbalanced.

The methanisation sector is introduced in the tsqut.

The overall deposit of household food waste (bidevagclusive of green waste) is estimated at 8hislf, of
which could be geared towards methanisation afterce separation and accounts for a deposit of/yelsit
by 2025. Besides, the collect of all professioriahdaste accounts for approximately 2 Mt of foodstea

32. BREF : Best Available Techniques Reference.

33. The decree related to the regional waste ptireand management plan in accordance with the R&dct provides
for the improvement in energy efficiency of wastemrgy recovery units by limiting the part of inciated waste in units,
which do not reach the “R1” standard, to 50% ofitlenerated waste in 2010 by 2025.
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knowing that the main part of the current mobiliskeghosit is used for methanisation, that is tossagxtra 1
Mt of food waste. This deposit of 5 Mt of methawiseaste could generate 3.5 TWh of primary energy.
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Wood waste

In addition to the part that could be used as GB&end-of-life wood resources are introduced i pb.

All waste treatment plants subject to the ICPE l&gn and have a strict framework on the evaluatibtheir
impacts and pollutants.

The aim is not to maximise energy power coming freaste but to maximise energy recovery of wastekwhi
could not be avoided and which are not recoverabl®aterials. Waste energy recovery should nei¢uerce
waste prevention measures nor capture waste whigll tiave been recovered as materials. Waste energy
recovery is aligned with the European Commissianmmanication of 28 January 2017: « The role of waste-
to-energy in the circular economy ».

In total, 16.8 TWh of heat should be generatedhgyrhal waste recovery facilities, 3.5 TWh used H t
cement industry and 2.3 TWh of electrical powerdpiced.

Half of heat generated by UIOM is considered asweble and counted in the biomass target. The bgdér
is considered as recovery energy. It contributésdxen 4.5 and 5.2 TWh to the recovery and renewaidegy
integration target. Among the 4.9 TWh of heat getest by CSR, it is estimated that around 2 TWhdabel
recovered by heating networks and be counted aseecenergy.
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3.3. Liquid fuels

In 2016, domestic consumption of refined petrolguoducts (excluding biofuels) was 808 TWh, down 2.1%
This fits the long-term downward trend that begathe early 2000s (see figure below).
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-+

m (!
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Figure 41: Total consumption of refined petroleurnducts by sector (excluding biofuels) in TXVh

The consumption of liquid fossil fuels will decreaas a result of consumption control measuresariticplar

those relating to mobility: changes in mobilitywer individual consumption of vehicles, replacement
thermal vehicles by electric vehicles, or replacenad fossil fuels by bio-based fuels. In 2023, dmel-use
consumption of liquid fuels should be 406 TWh an8BA/h in 2028.

In 2015, the "ILUC® Directive 2015/1513, confirmed a target of 10%esgable energies in transport in 2020
with a ceiling of 7% for biofuels in competitionthwifood competition and an indicative target o®0.tn 2020

for advanced biofuels. It defines the list of rawaterials that enable advanced biofuels to be dpeeloThe
LTECV has adopted a more ambitious target of 1586wable energy in end-use fuel consumption by 2030.
Achieving this goal requires an increase in the @it incorporation of biofuels, but also an inceeas
alternative fuels with lower carbon emissions thraditional fossil fuels.

The ENR Directivé® defines the renewable energy targets for the pamsector by 2030 and the 2020-2030
trajectories for the different categories of bidéudt confirms the European desire to limit thee usf
conventional biofuels, i.e. competing with the proiion of foodstuffs, while retaining the investments to date
and the desire to promote biofuels from waste asitlues, known as advanced biofuels, beyond tleeigs

34Data corrected for climate variations, not incluginternational air and maritime bunkers.

* Army consumption is included in this report irettertiary sector.

** This item represents semi-finished products fritva petrochemical industry returned to refinefe@seprocessing. It
also contains small amounts of petroleum coke ke @vens until 2009.

Source: SDES calculations, from CPDP, CFBP, INS&®, SFIC, Uniper, Customs, DGEC, Ministry of De&snEDF,
Citepa.

35, EU Directive 2015/1513 of the European Parliansawt of the Council, dated 9 September 2015, amgridirective
98/70 / EC on the quality of petrol and diesel $umhd amending Directive 2009/28 / EC on the pramaif the use
of energy from renewable sources (Text with EE&vahceknown as "CASI" or "ILUC"

36, Directive 2009/28 / EC of the European Parlianard of the Council dated 23 April 2009 on the potion of the
use of energy from renewable sources, amendingegrehling Directives 2001/77 / EC and 2003/30 (H&xt with
EEA relevance).
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set by Directive 2015/1513 ‘ILUC'. It also planslimit the use of raw materials with the greatespact in
terms of land use change (like oil produced frommpar soybean).

3.3.1. Crude oil production in France

National production of hydrocarbons amounts to @.B)&ar and represents 1% of national consumpfiba.
law putting an end to the research and exploitatiooonventional and unconventional hydrocarB6msll
lead to a gradual halt in domestic production bg®0n 2023 and 2028, production is estimated t0.B#t
and 0.6Mt, respectively.

3.3.2. Refining

In France, the refining sector was marked by tbswtke of several facilities in the early 2010s. fdpolitan
France now has only seven refineries. They havananal refining capacity of about 62Mt of crude
year. They are supplied mainly by shipping or lpetines. Apart from the production of fuels, refigienables
the production of non-energetic products such #@sidants or bitumen. Refining is also of particular
importance for the petrochemical industry.

In 2017, national production of refined producks, of refiners' own consumption, amounted to 55Wgnch
refineries mainly produce diesel (37% of total proitbn in 2017), super-fuels (17%), heavy fuel(8i6%),
and non-energy products (18%). Domestic fuel reprss7% of the total domestic production of refined
products, kerosene 8%, LPG 3% and all other prady&. This distribution has been stable in regeats.

The industrial tool must continually adapt to méemand while improving environmental performanceé an
energy efficiency. Transformations will be neededdapt the industrial tool to consumption andasnability
criteria.

Refining contributes to employment in France in éimergy sector: its activities represent more th@90
direct jobs, plus about 30,000 indirect jobs.

In addition, the French government is mindful nolyao limit the consumption of fossil energy bus@to
import fossil fuels with the least environmentapiat.

Article 8 of the hydrocarbons law provides that Bmvernment shall submit a report on the origimgdorted
hydrocarbons released for consumption in Frand@atbament. This report should study the environiaden
impact of extracting and refining conventional amtonventional hydrocarbons, and in particular:

Classify the environmental footprints arising frextraction and refining of oil,

Identify the variability criteria of greenhouse gamissions associated with extraction and refiihg
oil,

Appreciate the feasibility of differentiating oitgructs according to the origin of the crude ainfr
which they were made,

Propose areas of progress for the measuremengé@figouse gas emissions arising from extraction of
oil, and for the traceability of physical streanidwpdrocarbons.

< Law No. 2017-1839 of 30 December 2017 putting anceto the research and use of hydrocarbons and
involving several provisions relating to energy andhe environment, available at
https://lwww.legifrance.gouv.fr/affichTexte.docidTexe=JORFTEXT000036339396&date Texte=&categorielLie
n=id
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2017 MAEP Objective 2023
Biomethane injected into grids (TWh) 0.4TWh 8TWh
: - 1.9TWh of electricity, 2.6TWh of electricity,
Biomethane used to generate electricit{) (5.5TWh of biogas) (7.3TWh of biogas)
Total biomethane consumed 5.9TWh 15.3TWh

Table 17: The objectives set by the MAEP adopt@di6 for the consumption of biomethane.

As of 31 December 2017, 548 facilities were gemagatlectricity from biogas, for a total capacifyd@3MW.
Electricity generation from biogas was 1.9TWh iri20i.e. using 5.5TWh of biogas.

44 facilities inject biomethane, after productiow gourification of biogas, into the natural gaglgrifor a total
production capacity of 0.7TWh per year. The proiucbf biomethane directly recovered as fuel remain
marginal. It is important to develop the use ofgai® in transport, out of the network when necessary

Methanisation involves the use of organic mattat tan easily be degraded by microorganisms. lardal
reconcile the development of methanisation and ¢iarmge with land use issues, France has chosesvidap
methanisation based on the use of waste or residugde D. 543-292 of the Environment Code theref
provides that a methaniser cannot use more thanaf$é6d or energy crops, grown as a main crop.

The inputs that can be used in a methaniser indadeehold waste, plant waste, sewage sludgetdiies
effluents and agricultural residues. Sowfehese inputs, such as fats, offer resourcescérabe used either
for the production of biofuels or for the productiof biomethane. Others are by-products from ampdf
industries whose existing recoveries should nouiealanced. Agricultural waste must be mobilised by
integrating a balance between the production ajdsaand the return of carbon to the soil.

The availability of bio-gasable materials by 2086 @stimated at 100Mt by the ADEME, i.e. 50Mt oEltock
effluents, 46Mt of vegetable matter and 3Mt of rehad waste, for a total of 70TWh of primary energy

The energy yield of a methanisation plant depemosgpily on the recovery technique used to geneitate
biogas. For recovery by injection into natural gesworks, the yield of an energy methanisation tpian
estimated at 94%, taking account of the heatingseéthe methaniser. For recovery by electricégeyation,
the yield of a facility includes an electrical ydedf about 35%.

This energy yield gap explains why alternative xeectes to electricity production are prioritise@scularly
injection into gas grids, where possible.

Natural gas grids have been designed to transptutal gas from a few import points to a large namtf
consumers throughout the territory. The developna¢ritiomethane injection might require the gridbe
reinforced in order to facilitate the injectionsafurces distributed throughout the territory towgatd arteries
of the grid.

The methanisation sector needs to advance in tefrasceptability. This will include good practidasterms
of dialogue that must be assimilated by projealiées. Acceptability must be subject to constamtraitin, so
that it does not become a hindrance to the devedapof the sector.

Energy equivalence of the objective in capacities.
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3.4.3. Hydrogen and power-to-gas
Hydrogen

As an energy carrier, electrolytic hydrogen is reglberm solution for the integration of renewabhergies
into the electricity system: it is currently the shpromising inter-seasonal intermittent renewablergy mass
storage medium.

Electrolysers are also capable of providing otlevises for the electricity grid, in the same wayadher
storage technologies or other means of flexib{itgmand management, development of interconnegtions

French solutions must be ready for deployment itropelitan France by 2030-2040 and they must beget
so that they participate in the development of mpmetitive sector. This involves improving mass at@ and
electrolysis technologies. By 2035, plans will bgiace to prepare for the development and integratf the
various technological building blocks of the teclmgy for converting electricity of renewable origitto gas
by establishing suitably sized demonstrators. Tadeye are two demonstrators in France and theilgas
to multiply them to gradually change scale.

Some isolated areas already need flexibility anéweable energy storage capacity to decarboniseghergy
production without destabilising their electricgsgems. Non-interconnected zones could therefareige a
field for experiments or even pilot deployments.

The drastically lower costs of electrolysis systenake it possible to envisage different marketdissussed
below.

The current global hydrogen market is essentiallynaustrial market: hydrogen is a product usethaoil
and chemical industries. On a global scale, thestrchl hydrogen market is estimated today at 60mt.
France, it stands at about 1Mt.

In 2018, the cost price of hydrogen produced igdajuantities from fossil products (gas steam naifog) is
€1.5 to €2.5/ kg (i.e. in the range of €38 to £88Wh) for industrial customers consuming largewnés
(refineries). For some less intensive uses thatsaf@ciently stable (glass, food industry, metedly
electronics) and for which hydrogen is transpoged delivered by lorry — known d#fuse industrial uses"
its cost price is €10 to €20 / kg (€250 to €510WN) but rarely less than €8 / kg (about €200 / MWithere
is therefore accessible market potential todayoirogen produced directly on site by electrolysis.

A balance will be needed between diffuse usesyfoch the current price is higher but which involmere
complex industrialisation (heterogeneity of confafions, which can raise costs) and more mass whese
the price of current technologies is higher, butclwlenable the rapid deployment of series of ebdgders,
thus increasing power.

Hydrogen in mobility is complementary to batteréasl bioNGV. It offers key advantages for intensiges
requiring long battery life and short rechargingds, especially in urban areas where measurealae to
reduce pollution and noise. Many projects are diyeamerging across the territories around fleetkgbt
commercial vehicles (e.g. "Hype" hydrogen taxi ki@ Paris).

Due to a still limited volume effect, the total to$ ownership of a hydrogen vehicle remains highan their
thermal equivalents (20% to 50%). But with startsugpport, it would be possible to cover the extst of

fuel-cell vehicles and to refuel vehicles at aniegjent cost of the energy for a Diesel vehicle. B30, in

particular as a result of the progress expectedrins of the cost of electrolysis, the decarbonfsgttogen
distributed at service stations should pricedlatal (<€7/ kg, i.e. <€7 per 100km) compatible viite needs
of hydrogen mobility.

These advantages are found mainly in certain higamgports (road, rail and river), for which theigte, bulk
and embedded energy of batteries are still proghiThese heavy transports are a major lever gazkty
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ensuring high volumes of hydrogen, and generatingiionomous ecosystem by economies of scale throug
the faster deployment of large stations. Thiskeypoint in the economic model of charging stagion

To develop mobility from hydrogen, the goal is:

To encourage the development of a range of heahicles, not only on the road but also in other
+

To pursue the territorial fleets solution. In trespect, the role of local authorities in aggregatises
within territorial projects is key. Other uses nago be considered in these territorial projectg. (e
bridging between industry and mobility).

Measures related to these objectives are discussszttion 5.6. on charging infrastructures foerlative
fuels.

The hydrogen produced by electrolysis may alsodesl &s storage carrier, either by direct injectbn the
gas grid or by methanisation (production of synthetethane).

Compared with other storage solutions such as riegtenydrogen is currently the most promising rinte
seasonal passive storage medium (see storagergectio

Power-to-gas

The "power-to-gas" principle is based on the tramsétion by electrolysis of a quantity of electiydin the
form of hydrogen, which is then transformed intategtic methane following the recombination of togkn
with CO,. The hydrogen production can be decarbonised gedvihat the electricity used to produce it idfitse
decarbonised. Under these conditions, hydrogeronspatible with the objectives that France has set f
renewable energy development, and the reductignesihhouse gas emissions and pollutants.

The conversion of renewable electricity into gagaserally mentioned in situations where the pradaof
renewable electricity would be surplus to consuomptin order to enable recovery of the surplustetaty

generated. These situations are not envisagediimcEron a large scale before 2035, according tertbegy
scenario considered.

The resulting gas can be used directly or injectedexisting gas grids. While it seems possiblmject small
guantities of hydrogen directly into the gas grideyond a certain percentage — which still needbeto
determined with precision — issues of technical gatibility and / or grid safety could arise (conipdity of
materials, burner settings using gas, measurenfigpuiamtities delivered, etc.).

The use of power-to-gas is mentioned in connedtitin variable production of renewable electricitich as
solar or wind (which makes it possible to obtairdimgen from renewable sources) and in particular in
situations where the production of renewable dldttrwould be surplus to consumption, thus enaplin
recovery of the surplus electricity produced. Petoegas is a seasonal storage solution that suppoxter
grids. It is even, in the current state of theimtiechnology, the only way to store electricityeowery long
periods. The advantage of power-to-gas architestiige both in the synergy created between theriditg
and gas grids and in the multiple uses of hydragehsynthetic methane.

However, as mentioned above, the need to implep@ner-to-gas on a large scale is unlikely to appear
France before 2035.

All energy system stakeholders therefore still reredhdustrial scale experimentation frameworkih&tsame
time, R&D efforts are also needed in less matugetslysis technologies.
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3.5. Electricity

Electricity accounted for 27% of end-use energyscomption in 2017, or 481TWh. The tertiary sector
accounted for 69% of the end-use electricity comdion, the industry 26%, transport and agriculture
remaining low, around 2%.

In 2017, 71.6% of the electricity was produced frooclear, 10.3% from thermal means and 16.7% from
renewable energies.

The electricity requirement is estimated at 512. 22023 and 525TWh in 2028 (including exports and
grid losses). The assumption is a stability ofdbesumption, the decreases of the consumptionditdke
energy efficiency improvements are compensatedMigises of usages from other fuels to electricity.

The Energy Transition for Green Growth Act set et of 40% renewable energy in end-use electricity
consumption in 2030. To achieve this goal, it isggsary to initiate a major evolution of the elealrsystem
with an acceleration of all renewable energy sectdhe efforts to be made, however, depend on the
availability of each sector, their maturity anditlmmpetitiveness.

N — Lower MAEP Objective Higher MAEP
Situation in 2017 MAEP Obijective 2018 2023 Objective 2023
49 53 71 78

Table 18: Targets set by the MAEP adopted in 20L&6talled capacity of renewable electricity
generation (GW)

Three types of cross-cutting actions have beeiaiad to promote the development of renewable rebigt
the reform of support mechanisms, administrativepsifications and the development of crowdfunding.

The simplification of the bidding process and tiesignation of winners for power generaffdiacilities have
contributed to the reduction of the deadlines fboasing winning projects that could take, before th
publication of the 2016 decree, from 18 to 27 menth

The administrative simplifications made notablyluae:

The simplification of the authorisation to operateder the Energy Code, by very significantly
increasing the power thresholds of the renewaldeggrinstallations subject to this procedure ireord
to exempt most of them when they are developelariramework of support structures provided by
the State;

The simplification of the legal framework applicaltb renewable energies at sea by limiting appeal
deadlines, by entrusting the processing of appeats specialised Administrative Court of Appeal
(CAA) in the first and as a last resort, by exteigdihe duration of the DPM concession from 30 to 40
years, and by reducing the time-to-file for watew lauthorisation. Decree No. 2016-9 of 8 January
2016 on offshore renewable energy production aamsmission works was published on 10 January
2016;

The simplification of the administrative procedutesenefit from the purchase obligation with the
abolition of the CODOA procedure (certificate gigimight to the obligation of purchase);The
simplification of the administrative proceduresrogking it possible to extend the period of validity
of planning permission several times for all reneManergy production works, within a limit of ten
years from the issuance of the decision. Decre@Bib6-6 of 5 January 2016 on the period of validity

, ! " #$
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of urban planning authorizations and containingotas provisions relating to the application of land
law and associated taxation was published on Gajgr2016;

The generalisation of the single permit allowing #bolition of the need for a building permit fand

wind.

Hydroelectricity

2017-2018: 15 months

Wind

2017-2018: 5month

Solar-based electricity

2017-2018: 5 months
land PV
° And 4 months building
PV

Bio-energy

2017-2018: 8 months

Table 19: Deadlines observed between the publicaifdhe specifications and the choosing of winadier

reform

Developing participatory investment and promoting bcal ownership of projects

Participatory investment makes it possible to gjtieen the territorial anchoring of renewable idatadns and
to facilitate projects by improving their local aptability. Tenders launched since 2016 have syieally
favoured projects that implement participative stweent solutions (citizens or local authorities)riiggrating
criteria and bonuses related to participatory itmesit. The government has also relaxed the conditior
crowdfunding of renewable energy projects on finagplatforms.

Sector Number of winners | Of which involved in CF % involved in CF
Biomass for electricity 24 2 8%
Self-consumption 286 56 20 %
Small hydroelectricity 33 6 18%
Solar power plant on 336 249 74.00 %
the ground
Solar on buildings 1738 566 33%
Innovative solar 50 36 72%

Wind 27 7 26%

Table 20: Subscription to crowdfunding by sectarsldlovember 2018 - Source: DGEC

Improving the completion rate of projects

Special attention is paid to the project implemgaotarate in order to optimise the effectivenesdesiders
launched. For the first photovoltaic tenders la@acim 2011 and 2013, the achievement rates weveebat
64% and 81% (see table below). For new tendersntiadluction of financial implementation guarargead
the obligation to obtain planning permission pti@ithe bid will particularly contribute to a decseain the
drop rates of calls for tenders.
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T I Lower MAEP Objective Higher MAEP
Situation in 2017 MAEP Obijective 2018 2023 Objective 2023
25,294 25,180 25,680 25,930

Table 22: Targets set by the MAEP adopted in 208 éktalled capacity of hydraulic electricity geagon
(Mw)43

Maximum supply potential

The table below assesses the additional depogniial to that already exploited in France. Thegarés
come from a ministry document assessing the defftsitpplemented by an assessment of the additional
electricity generation potential that could be gated by the over-equipment and modernisation isftieg
licensed plants by 2028, as well as the potentiti@equipment of all the mills for electricityqatuction.

The evaluated potential is a technical potentiictvdoes not take into account the environmemtastraints
(apart from the ranking in list 1) or the econoromnstraints of the projects. The real potentiathisn
significantly less.

Potential Total Of which not in list 1
>10MW Approx. 370 MW
Concessions Approx. 2090
(greenfield sites MW
<10MW Approx. 120 MW
New Greenfield sites Approx. 750 MW, Approx. 170 MW
power stations

Existing sites

Permits (unequipped dams), Between 260 and 470MW
excluding mills

Existing sites

(unequipped dams), mills Approx. 350 MW

Over-equipment and modernisation of existing licersd
plants by 2028 Approx. 400 MW

Table 23: Potential hydroelectric capacity (MW)
Socio-economic, industrial and environmental issues
For hydropower, facility load factors are highlypéedent on:
The nature of the >

< 45" * & 7 8 + L
& 0 &

w 20" & . + + & I "91
solidaire.gouv.fr/sites/default/files/potentiel%3@ho _synth%C3%A8se%20publique_vf.pdf
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Technical characteristics: electric power of thevpostation, which is optimised according to the

Hydrology, which can vary greatly from one yeathe next.

On average at the national level, the load facdasfithe order of 25% (about 2200 full power eglana
hours), but it generally varies between 20 and 48B6ut 1800 to 3600 full power equivalent hourgké
power plants, which have significant installed poveeproduce at peak hours, have generally lowargeh
rates than run-of-river plants, whose power isbzated according to the average flow rate of therriSome
plants designed to turbinate the minimum flowseddit in the rivers run at full power almost adlar round.

The hydroelectric industry is essential for thegition of the electrical system:

Its flexibility (lake and sluice installations) mesit possible to reactively manage the supply-aeima
balance during periods of tension on the electsgatem, instead of expensive thermal means that

Hydraulic storage also makes it possible to plaodyction to monitor consumption over long periods
(weekly or even seasonal).

Hydroelectricity regularly accounts for more thad®2of grid power during peak periods. Moreovernisa
to its flexibility, this sector accounts for ab&@@% of the adjustment mechanism, which is a dethatallows
RTE to ensure equal production and consumptionectrecity at all times.

Current and foreseeable costs

Hydropower is a competitive renewable energy bexadghe long life of the facilities subject to tday
investment. Construction costs are high (civil eegring, equipment, grid connection), for relatviw
operating and maintenance costs. Costs relatedviooamental improvements are becoming increasingly
significant.

Significant disparities in costs are observed atiogrto the characteristics of the installation angarticular
according to the installed power, the height of iskd and the hydrology of the site. The averageaosts
observetf are:

M71 M81$3@
between €70 and €90 / MWh for high-
between €70 and €160 / MWh for installations oféoywower.
! *
The characteristics of the sector in terms of miagkel employment

In 2016, the hydropower market was €3.6 biltforThe French hydroelectric industry benefits fromrha-
renowned know-how and dynamic export activity.sltstudies and engineering that make up the bulk of
exports. In 2016, exports in the hydraulic sectmoanted for €91 million, corresponding to 300 jobs

The hydropower sector accounted for around 12889in France in 2016 according to ADEME, whichu®c
mainly on mining. The engineering of EDF and GehEtactrics are the two main French players foranaj
installations. An ecosystem of SMEs also existauiiadosmall hydropower, which has a strong potendial
develop for export.

In 2016, the employment content of this sectoi3@ BETE / TWh.
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3.5.2. Land wind

As of 31 December 2017, 1653 facilities were coteecepresenting 13,470MW, approximately 7200 masts
In 2017, wind farms with a capacity of 1.65GW weomnected to the grid. Electricity generation fraind
farms amounted to 24TWh in 2017, an increase of b8 one year. Wind energy accounts for 4.5% of
French electricity production, which puts Francd'iposition in EU countries.

o o Lower MAEP Objective Higher MAEP
Situation in 2017 MAEP Obijective 2018 2023 Objective 2023
13,470 15,000 21,800 26,000
1 0 I 123 +() " -1.

The Hauts-de-France and Grand Est regions haveighest installed capacities, representing neattp of
the total power connected in France.

VR @ == &) Max. 1192

2 , Moy-123

Figure 43: Regional distribution of connected wigheration capacity as of 31 December 2017 (MW) -
(Source: RTE)

As part of its study on "A 100% renewable electyienix" ADEME published an analysis of the theczeti
wind field in metropolitan France in 2015. This bsés superimposes wind speed data and maps diigaen
constraints" making the installation of wind turbentechnically impossible on these zones for teethni
reasons (topography, terrain, etc.) or for reaswingccupying the territory: proximity to homes, itaty
aviation training areas, radar sensitive areas ftapoint of view of biodiversity.

The energy field also depends on the technologdiiefvind turbine. As part of this study, two typdsvind
turbines were considered: the standard wind turhimé the new generation wind turbine, known as the
"canvas" wind turbine.
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Power installed Production / year
Standard wind turbines 170 GW 360TWh
New generation “canvas” wind turbines 120 GW 330TWh

Table 25: National wind power potential

The first French wind farms commissioned from 208@vards will also mature, raising the questionheiit

renewal during the period covered by the MAEP. fidreewal of the fleets will make it possible to ene®

the existing sites by equipping them with more mnmod®achines for the benefit of the local resideAts.
increase in the productive capacity of the fleetdd@ also result from the renewal of the fleetswite use of
the best available techniques. Given these isqaticular attention should be paid by the MAERhe

identification of the fleets that could be reneveed to the establishment of conditions enabling teaewal.

In particular, volumes to be renewed must be inetlith open volumes as part of tenders, in ordensure
sufficient development of new production capacities

Wind turbines do not operate all year round at $pieed. A wind turbine operates in a wind speedeaan
between 10 and 90km/h. Load factors (number offolioperation per year) of onshore wind were upote
considered to be between 24% (2100h / year) to @3a0h / year). However, recent technological peegr
makes it possible to anticipate a significant gtowt these load factors which, by 2023 and 2028|dco
respectively reach figures of the order of 28% @b0year) and 30% (2600h / year).

This progress is possible thanks to the use ofenigiachines capable of fetching stronger and mamsistent
winds. The use of larger rotors will also allow tapture of weaker winds and therefore wind develaqt in
areas that were previously considered difficuketploit.

Wind energy is intermittent, and the resource'sediptable nature adds power management constthaits
are developed in part 5. Today however, wind tw@bioontribute to securing the French power supply b
participating in the capacity mechanism. The nekwoanagers are studying the possibility of using th
technical capacities of the wind farms for the atinent of the voltage.

Current and foreseeable costs

At the global level, onshore wind has a total afstpproximately €50 / MWh. It is €67 / MWh in Eyed’.
In France, for installations with more than six dinrbines, the prices offered in february 2018ensmound
€66 / MWh.

Wind power is a sector that has potential for iratmr® and therefore cost reduction. The various estisnate
converge towards a decrease of about 2% per ydheinost of wind-generated MWh. In 2028, the st
projects commissioned could be of the order of Ag%Vh.

The characteristics of the sector in terms of miagkel employment

The wind power sector was able to structure itisefrance and in 2016, according to ADEME, représgn
more than 18,000 jobs, including 12,560 direct jobsese jobs are spread across the entire valia: cha
industry, development, maintenance, etc.

In 2016, the employment content of this sector We&FTE / TWh.
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Figure 45: Distribution of direct FTE by value chdink - Source: BiPS éolien, ADEME, 2017

Jobs in the wind energy sector are marked by al ldearacter and cannot be relocated, especially in
development and maintenance activities. On thesimidl front, despite the absence of French "bibihe
manufacturers", many industrial players have bédda @ position themselves in the sector, espgciialthe
manufacture of components. Some foreign turbineufaaturers install production units on French teryi

to get closer to its market.

In 2016, the market was worth €4.5 billion.

The environmental challenge of wind power is esabyits potential impact on biodiversity. Howeyénere

are other areas of acceptability in terms of laadedntegration or impact on radars. Since 20Eselissues
have been taken into account during the developuofethie project in the Regulated Environment Primbac

Facilities procedure (ICPE).

A ministerial decre® also requires the dismantling of wind turbinedivéey stations and cables at the end of
their operation. It also provides for the excavatbfoundations and the replacement by land ofaxttaristics
comparable to the land in the vicinity of the fagito a depth of at least one metre in the casegatultural
land.

It is also possible for the owner of the land, ad pf the lease of their land to the wind farmraper, to set
more stringent restoration conditions in a private convention than those provided by the regufetio

In order to ensure that such dismantling and réhrbent works are carried out, including in theresvef
failures on the part of the operator, the commisgig of a wind farm is subject to the provisionfiofancial
guarantees for an amount of €50,000 per wind terbin

Most metals (steel, cast iron, copper, aluminung eancrete are recycled. Wind turbine blades can be
recovered to produce heat or reused to make cement.

Regarding the carbon impact, wind turbines emituald®,7g of CQ — according to ADEME studies —
equivalent to produce one electric kWh.
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During the year 2017, photovoltaic installationshaa total capacity of 0.875GW were connected ¢ogtid.
As at September 30, 2018, 418,330 facilities hathstalled capacity of 8.8 GW. Photovoltaic solaergy
represents 2.3% of French electricity consumptiote first three quarters of 2017-2018, an in@edd 2%
compared to the first three quarters of 2017.Thevdibe-Aquitaine, Occitanie, Provence-Alpes-Cotkzdt
and Auvergne Rhbdne-Alpes regions have the highstdlled capacities, representing nearly 70% ofated
power connected in France. However, there is ae@sing number of projects in the North and EaBtafce.

Max. 593

Moy B0
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T — Lower MAEP Higher MAEP Objective
Situation in 2017 MAEP Obijective 2018 Objective 2023 2023
7660 10,200 18200 20,200

Table 26:Targets set by the MAEP adopted in 2016 for instifihotovoltaic generation capacity (MW)

In order to achieve these solar deployment objesthy 2023 with a controlled cost for the commuritg
2016 MAEP directs the acceleration of the develapnué the solar sector towards the most competitive
solutions, such as ground-based photovoltaic iasiahs (launch tenders for capacities of 0.9 ®GW /
year), while developing large power plants on rqofge-third of installed volumes) and installati@mssmall
and medium-sized roofs (target of 350MW installed year).

ADEME estimates the rooftop photovoltaic instadiatipotential at around 350GW, i.e. 350,000ha of roo
surface, which makes it possible to choose the sutgtble locations. This corresponds to more 8&TWh.

The CEREMA has evaluated the ground and parkingrpiai on land with no conflict of use in the saarth
regions of France. They estimate the mobilisabtéasa at about 1.5Mha, which would correspond tawuab
7T76GW.

The load factor of photovoltaic installations degieion their location (sunshine, orientation) areldhality
of the installed modules. On average in the solifrance, the load factor is considered to be adtdiBdkWh
/ m? [ year.

The average charge rate in France is 1200kwh / KWdp.new panels, technological progress improves
performance and therefore increases the averaggectate. The surface yields of PV on the grouredadso
improving, approaching 1MW per hectare, which wounlake it possible to mobilise less land for an équa
capacity and thus to reduce the impact on sails.

Photovoltaic electricity production fluctuates chgrithe day, depending on the solar radiation poaezived
by the sensors. Although it fluctuates, solar potidm is predictable. The forecasting tools areeasingly
reliable and allow a better anticipation of photibmg production in the short-, medium- and long¥teThe
fluctuating nature of this resource adds constsadhtcontrollability of the production and manageinef the
electricity network. Today, these fluctuations mo¢ greater than those induced by demand foreoasseThe
stakes concerning the network of intermittent resige energy penetration are developed in part 5.

Current and foreseeable costs

The 2009-2017 period saw photovoltaic equipmentscéall by more than 80% due to technological
developments and global competitiveness gains, 6/ Wc to about €0.40 / Wc. The prices propdsed
the last tendering periods are of the order of E88Vh on the ground and €85 / MWh for installaticors
roofs. A further decline in the cost of installat®ois expected, at a slower pace that will depemd o
technological progress (improved yields), produgtigains, and global supply-demand balances. @b#sis

of the observation of the current rates of decre&siege complete costs, the fall in costs is edtatiat 4% per
year for installations on the ground and 5 to 7%yaar for rooftop installations. In 2028, the cosPV on
roofs could be around €60 / MWh and PV on the gdooin€40 / MWh for projects commissioned.

The characteristics of the sector in terms of miagkel employment

The installation, connection to the network andchitécal and commercial development activities make
implementing solar installations an intensive agtiin terms of jobs (up to 41 full-time equivaleFTE) per
MW installed annually for residential installatiore&cording to ADEME). Ground facilities generagsvér
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jobs per installed MW (about ten FTE / MW). The fiwltaic sector represented around 6800 jobsandée
in 2016°.

French industry has suffered from very strong cditipe in the production of photovoltaic cells amdbdules
(which represents only 4% of the value added dfistallation), especially from Asian countries. Heheless,
it is well positioned for certain equipment incladiinverters and trackers.

In 2016, the sector represented 622 FTE / TWh laadrarket was €3.9 billion.
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Figure 47::Added value of the PV industry Sourc@®BPV, ADEME 2016

According to their typology, the installation oflaoinstallations presents different types of aradjes:

Solar on rooftops and shadehouses is subject tgodronmental and social acceptability and poses
no difficulty in terms of conflict of use. The chaiges concern architectural and landscaping issues
Innovation in the sector should include technolsdleat are better integrated into their immediate

Solar power on the ground presents a certain numibenvironmental issues mainly related to the
biodiversity of the site of implantation as welltag issues of land use conflicts. These are taken
account during tendering procedures, which hetpient the settlements to degraded land that cannot
accommaodate other developments. They are alsaestodi a case-by-case basis as part of the impact
study to which projects over 250kW are subjectitaiming planning permission.

The dismantling of the installations, if it is welbne, does not pose any particular difficulty.abidition,
Directive 2012/19/EU on Electrical and Electronmpuipment Waste (EEEW) extended the scope of extende
producer responsibility to include photovoltaic plsn France has transposed this regulation intodiréaw
through decree 2014/928. As a result, marketerd fmance the management of their used equipmeaht an
their recycling.

PV CYCLE France is the eco-organisation approvedhieypublic authorities for the management of used

photovoltaic panels. 177 voluntary supply pointe/raxist, making it possible to recycle 95% of phvattaic
panels.

N' 0 " L15 F4'+
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Table 27: Targets set by the MAEP adopted in 201 éktalled capacity for generating electricityfn
bio-energy (MW)
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Figure 48: Distribution of electricity generatiompacities from bio-energy (MW)

The biodegradable part of household waste"segroups together the energy produced by househastew
incineration plants (UIOM). Electricity generate¢ WIOM is half accounted for as renewable. The
elimination of the guaranteed electricity purchameff in 2016 coincided with a weak growth in 2016
(+10MWe) and a decline in 2017 corresponding tostigdown of a site (-13MWe).

The Wood energy“sectimcludes energy produced by combustion or inctimngplants of forest biomass or
wood waste. The average annual growth rate obsé&med2009 to 2015 was stable at about + 50MWegkvhi
corresponds to equipping about four sites per witarmeans of generating electricity.

The biogas“sectoincludes energy produced by biogas recovery. Atehd of 2017, 430 installations were
generating electricity from biogas:

389 biogas plants with a capacity of 142MW. Onlig tbub-sector had a growth target in the MAEP
417G

150 non-/ L 4G83@

28 wastewater treatment plants with a capacity3di\&/.
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Max. 32

Moy. 4

Figure 49: Regional distribution of connected bisgdectrical power as of 31 December 2017 (in MW) -
Source: RTE

The National Biomass Mobilization Strategy (SNMBgis targets for 2023 to mobilize the additionat$o,
agricultural and biowaste resources identifiedantB. The potentials are:

52TWh for solid biomass
18 TWh for biogas

7,8TWh renewable for non-hazardous waste recovargdioM.

Consistent with the priorities outlined in the Natal Biomass Mobilisation Strategy (SNMB), bio-emer
resources are scarce. The energy interest isdldigett them towards the sectors presenting tiedsi yields,
in particular recovery in the form of heat. In spécases, however, it may be worthwhile to devetop
generation. The electrical sectors will have talbeeloped on these cases:

The production of electricity from biogas will beserved for methanisation sites far from the gas
network and for which there is no potential foredirrecovery as bioNGV or fuel. The production of
a methanisation plant is relatively stable overybar, excluding the issue of availability of input
The operation of the co-generation can be adapgdg-day thanks to the flexibility offered by the
buffer storage of biogas. The average electricalgs@f methanisation plants (300kW) is lower than
that of other electrical systems.

The production of electricity from wood energy wikve to be limited to particular cases for which
the heat needs are not sufficient with regard ® dhailable resource, and will have to concern
installations using wood waste that can not bevexaul otherwise as a priority.

The electricity production of the bio-energy sedscontrollable and as such can contribute tosteply
security of the electricity network.
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Current and foreseeable costs

The average purchase price of electricity produmethe "biodegradable part of household waste"osast
estimated at €56 / MWh for 2016.

The average purchase price of electricity produmethe "wood energy" sector is estimated at €1K8Wh

for 2016. Ce prix d’achat élevé s’explique pardzessité de couvrir les colts d’exploitation de,sitsavoir
principalement I'achat du combustible, qui représeenviron 15 a 25 €/MWhLHV, et le personnel. A
moderate cost reduction is anticipated over byett of the current MAEP period, and prices coubithe
around €140 / MWh in 2028.

The purchase price of electricity produced by thiedas" sector is extremely variable dependingherorigin
of the biogas used. For new installations in maidl&rance:

The purchase price of electricity generated frondfti biogas ranged from €85 / MWh to €145 /
3@

The purchase price of electricity produced by maation or from biogas from wastewater treatment
plants ranged from €120 / MWh to €210 / MWh. Teclhiprogress may also be observed for the
purification of biogas. Based on the example oflifigs in other countries that have massively
developed methanisation, in particular Germany,dfmg in costs should make it possible to reach
€160 / MWh by 2028 for electricity production.

The characteristics of the sector in terms of eymient

The household waste incinerator sector accountedrfiund 620 jobs in France in 2016 (up slightlynir
2014), according to ADEME, mainly in the electrycgeneration sector.

The collective wood, tertiary and industrial seaocounted for around 6160 jobs in France in 2016
according to ADEME, with 630 jobs in the manufaitgrsector, 350 in the installation-studies secad
4920 jobs in the maintenance and sale of energt @rel electricity) sector. Les emplois de laffdigont
principalement ceux associés a la production madde combustibles, plaquettes forestiéres ou bois
bldches pour le secteur collectif. In 2016, themwartarket was worth €1.7 billion.

The biogas sector accounted for about 1570 jobsance, with 150 jobs in the manufacturing se@® jobs
in the facility-education sector and 710 jobs ie #iectricity generation sector. The jobs in thetaeare
relatively stable compared to the previous yeathasncrease in employment related to the operatnal sale
of energy offset the decline in employment relateshvestment.

In 2016, the biogas market stood at €410 million.

UIOMs have a potential impact in terms of air ptitio that is controlled by ICPE regulations. Theawery
of the unavoidable heat from the UIOM makes it gmego replace other forms of production of eneagy
thus to reduce the impact on the environment.

Biomass co-generation plants also have a potentgdct in terms of air pollution, which is reguldtey the
ICPE regulation. The additional issue cuts acrbesdsues of biodiversity conservation and uselicodr
mobilising biomass. This issue is addressed in%part

Equipping landfills and wastewater treatment plamith electricity generating means makes it posstbl
recover unavoidable energy and to reduce emissibmethane or Ceto the atmosphere when the methane
is flared.

If biogas is produced from bio-waste (from locathawities, agribusiness, catering, etc.) that hatsbeen
recovered to date, methanisation contributes t&thiepean objectives for reducing organic mattedfiding.
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If biogas is produced from livestock effluents, hatisation contributes to reducing the impact ofnaon
the climate, by capturing methane, but also oressalated to nitrogen.
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Table 28: Targets set by the MAEP adopted in 201 éktalled capacity for generating electricityofn
bio-energy (MW)
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In order to develop offshore wind energy, considtet were held with all stakeholders in the framewaf
the dialogues on maritime facades. Given the ssaokthe consultation that was conducted therefitsie

calls for tenders will be launched in v @ , then in the Mediterranean,. The

next wind energy tender will be launched in Normand

Box 8 : Cooperation group on energy in North sea

France is part of a cooperatignoup related to wind energy in North sea, whogeatives are to supp
the spread of wind projects between two countriess ta share process and methods to acceleratg
energy in its countries . The group is constitubéd-rance, Belgium, Nethemhds, Danemark, Irelar
Germany, United Kingdom, Norway, Sweden and Luxemn@oFrance has used the information shar
this group to modify deeply the framework of offslionvind projects, giving a reinforced role to
government before the call fartders (studies before and participation of thdipuh particular to identif
the zone of the call for tender with the Nationah@nission for Public DebateJhis group of cooperati

France will build on this knowledge. France comedtttself to communicate to the cooperation grdig
future calendar for competition process, to givéhindustrials, a consolidated vision of theschdl tendel
to come.
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Regarding tidal energyFrance is one of the current pioneers in thiBrielogy with the Rance plant, but its
development is not envisaged in the short-terme@afly in view of the important environmental issu
presented by this technology on new sites.

Regarding the thermal energy of the sahe potential deposit is mainly located in therseas departments
where temperature gradients between warm surfadersvand deep cold waters are greater than in
metropolitan France.

Offshore wind power (fixed and floating)

With wind speeds that are more sustained and narsistent than onshore wind, a wind turbine atcsera
produce on average twice as much energy as onTaedoad factor is thus of the order of 40% (atl82a0h

/ year). In addition, offshore wind farms have aerage capacity of 500MW (compared to an average of
10MW for onshore wind farms).

The network manager is involved upstream of thés dal tenders to identify the capacity of the netks.
They provide overall control and management ofdbenection of the fleets, and the engineering ef th
submarine connections and finance the costs fdtabts resulting from the procedures of call fompetition.

Current and foreseeable costs

The costs of offshore wind turbines installed indpe have been declining for several years andwarently
reaching prices in the range of €60 to €80 / MWeEIwking connection (in 2028). The connection addest
of between €10 and €20 / MWh depending on the site.

The four floating wind turbine pilot projects angpported by approximately €330M of assistance kyRMA
on the one hand, and supplemented by a prefergutiahase rate of the energy produced on the bt
representing a total of almost €880 million in istreents.

A sharp decrease in costs for commercial wind faeexpected with a tariff of about €150 / MWh tbe
first projects commissioned by 2028, and a convergeof the tariff between the fixed and floatinghai
turbines in the medium-term.

As regards tidal turbines, the studies and dematoss carried out demonstrate that this sectootsmature
and has very high production costs whose downwandpgcts are not sufficient to ensure the long-term
competitiveness of the sector compared to othéntdogies, such as offshore wind.

Jobs

According to the ADEME study published in SeptemB@L7 on the "Study on the offshore wind energy
sector: assessment, prospective, strat&ggie structuring of the sector is crucial to geteer significant
number of jobs during the following calls for tensleAll ongoing projects could eventually represeptto
15,000 direct and indirect jobs, including the sal/éhousand that already exist. A developmentftshore
wind turbines without structuring a national seat@muld lead to a limited increase in jobs.

Offshore wind turbines (fixed and floating) presenvironmental issues related to the biodiverdithe sites,
with impacts mainly on marine biodiversity (marimammals, seabed) in the construction phase (wid fi
wind being more impacting than floating for thigpose), impacts mainly on bird life during the exaltion
phase, and more or less significant landscape ispEpending on the distance of the fleets fronctieest.
There are also conflicts of use with professioisihg and recreational boaters.
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Table 29 : The objectives set by the MAEP adopt@di6 for the installed capacity of electricity
generation from geothermal energy (MW)

Deep geothermal energy only develops in certaiionsg presenting geological contexts favourabl¢éhto
significant production of a high temperature watsource. This activity requires a thorough knogtedf
the subsoil at great depths, up to 5000m.

In 2018, 15 exclusive research permits in metrégolFrance cover an area of just over 10,000knm& Th
exploration phase, which is a prospecting phade avtigh financial risk, sometimes carried outrfare than
ten years, makes it possible to understand theogeall context and reduce the geological hazardcésted
with the discovery of the resource and its chareaton in terms of temperature and flow. The ggial
contexts favourable to the development of this dgsgihermal energy exist in France in the Alsatipper
Rhine Plain, in Auvergne and in particular in thimagne basin, in the Rhodanian corridor, and thaitame
basin.

The thermoelectric conversion efficiency remainsitiéd, at around 10%. One way to improve the
performance of these units is to recover the wasét produced by supplying heat networks in pdgicu

This emerging sector mobilises a few industrial/pta in the metropolitan area.

Major investments through research permits andahg exploration phase required to qualify the tese
and minimise geological hazards make it difficatrapidly develop the sector. The establishmenthef
GeoDeep Guarantee Fund, which is being pre-notiitethe European Commission, is a mechanism for
covering geological hazards during the drilling $deconsisting of equal parts private and publciiiog.

A 30% flexibility in the context of the demand fmodification of the installed capacity was accepteorder
to consolidate the solidity and the visibility bietprojects.

The legislative and regulatory framework has erchhlstrong development of heat networks in lle-tinEe,
a region with favourable geological characteristics

Current and foreseeable costs

The main technological barriers concern the disggevaluation and understanding of geothermalvess.
Significant cost reductions are expected as geoseistudies lead to a better understanding ofeb&gical
potential. This gain in competitiveness will als® inade possible by the depreciation of boreholdst@m
lesser extent the gains in efficiency and yieldimits with a binary cycle.

In France, the cost of producing electricity frohe tBouillante power station in Guadeloupe — they onl
volcanic-operated unit — is greater than €100 / MiMihich is higher than the international productite
located between €38 and €62 / MWh for an instatigacity between 20 to 50MW. This is partly du¢h®
island nature of the plant and because of its ntisenall size (15MW). According to ADEME, for EGS
geothermal energy, installations of the type thiitbe carried out in mainland France will haveraguction
cost ranging from €173 to €336 / MWh.
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AUTOCONSOMMATION AUTOPRODUCTION

La maison consomme tout ou partie de I'électricité produite L'installation photovoltaique produit tout ou partie de
par linstallation photovoltaique. Si l'autoconsommation n'est I'électricité consommeée par la maison. Si l'autoproduction
pas totale, 'électricité produite est rejetée sur le réseau. n'est pas totale, la maison consomme [l'électricité du réseau.

Figure 50 : lllustration of the concepts of selfrRsomption and self-production

In practice, in the majority of cases, consumpsibes will need to use the traditional electrigjtid for certain
periods, either to provide electricity or to injestcess electricity generated by their local préidadacility.
Thus, operating in self-consumption / self-productiioes not mean being energy self-sufficient.

The development of individual self-consumption @svra reality and has accelerated in recent years:

In 2016, 36% of connection requests or declaratimasle to distribution system operators for
photovoltaic projects concerned self-consumgfigmojects, i.e. about 8000 installations, including
more than 2000 in total self-

In 2017, total self-consumption would represent ¥8Mor 6500 installations, and 57MW for
approximately 13,500 installations.

At the end of 2017, eight collective self-consuroptoperations were underway, starting by the enkdeofirst
half of 2018 and some 20 operations were in thega® of being set up, for a start in the secorfcbfi@018.

This development should continue, thanks in padido the deployment of the Linky smart meter, athivill
accelerate the development of self-consumptioriraplgying all metering devices (only one meter uged,
remote reading, etc.).

Regulatory and support framework

The law defines the concept of collective self-aomption, which consists of associating several gomess
and producers, who are related to each other witlersame legal entity and who are located dowaustre
from the same HV / LV transformer substation. Selfisumption and local energy production represent a
opportunity for the energy transition by allowiray tonsumer ownership of this transition. Theyiatended

to develop and take a more and more prominent pheites electrical mix in a context where:

The production costs of renewable and particulgghotovoltaic electricity installations are
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3.5.8. Nuclear energy

Description of the existing installations

The French nuclear installations currently consfsb8 nuclear power reactors distributed over Xfedint
power plants, with an installed capacity of 63.2 &ad a production of 379.1 TWh in 2017, or 71.6%he
total electricity production. The installations aligided into three categories according to thet@gpower
capacity:

70) A113@
41)?7113@
4 x 1450MWe reactors.
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dFront-end fuel cycle installations (enrichment) | Standard pressurized
Back-end fuel cycle installations (spent water reactor (PWR)
fuel recycling and MOx fuel fabrication) Met power Number of | Commissioning
W Radioactive waste repository capacity reactors year
0 Open cooling system, with river- and sea ] cooMw 24 10781083
water pumping and spillage B 1300MW 20 1085-1004
Closed cooling system, with steam B 1450Mw ‘} EDGD-‘QGCQ
water release from air cooling towers Ll EFA {1600 MW u 208
{in construction)

Figure 51: Nuclear sites in France (fromJanuary 261.7)

The Flamanville 1650 MWe EPR reactor is curremtlyhie construction phase for commissioning expeuayed
the end of 2019. The two reactors at the Fessenp@iver plant will be shut down in Spring 2020.

The 900MWe reactors will reach 40 years of operaiticthe near future and will have theit decennal visit
during the 2019-2025 period, while the 1300MWe texacwill have their visit between 2025 and 2035.

France relies on industrial activities covering theole fuel cycle, including all reactor manufadatgrand
fuel supply operations, as well as spent fuel mamamnt from ore extraction to waste management.
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Figure 52: Fuel cycle in France

The French fuel cycle is currently based on "moegycling”: spent fuel with enriched uranium is releg
once to extract plutonium and uranium used to predecycled fuels: MOx (currently used in 22 of 8&
French nuclear reactors) and ERU (which will bedusethe four authorised reactors in a near futusggent
MOx and ERU fuels are then stored while expectatgrirecovery.

In France, the installed nuclear capacity is capaethe current capacity of 63.2 GWe. This cap was
implementedby the Energy Transition for Green Ghoiwtt: "The authorization to operate an electricity-
generating facility cannot be issued when it waadse the increase of the total authorized capadityclear
power generation beyond 63.2 G\We

Energy yield

Nuclear power plants have an average yield of 38%wp to 37% on average for the EPR. The resort to
nuclear co-generation could be envisioned, but @aquksent specific challenges in terms of industria
deployment given the difficulties of modifying etirgy installations and the distance separating earcl
installations from the main areas of heat conswnpparticularly urban ones.

Current and predictable costs

There is all but one single nuclear cost: margowat (it determines the order in which power praduc
means are summoned), production cost yet to be d@tednf{containing future operational and investment
expenditures), economic value of nuclear reacteffsich takes into account amortisation and return on
capital). Furthermore, the consumer cost dependdyrn regulation, namely the mechanism of theutagd
access to electricity production based on histbplzat conditions.
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The "cost" of nuclear energy thus consists of weri@omponents related to upkeep and maintenance
investments operating expenditures (staff, fual,) edecommissioning, waste management and investme
costs for the reactor construction.

The marginal cost of nuclear plants is very lowl3€/MWh). It means that nuclear electricity is suomed
early among the electricity power production meboth on the French and the European markets: ghortl
after unavoidable renewable energies (which hawvemginal cost close to zero) but before carboniergit
production means (lignite, coal, gas, fuel oil)idtone of the reasons why the French electricity im
structurally exporter although it has no significamercapacity.

Regarding the production cost of existing nucleawgr plants, the average "cash" cost, which coomdp to
the current and future investment and operatingeajures (staff, fuel, etc.), is estimated betw€aa to
€33/MWh. This cost is not very dependent on thaiura price evolution. Furthermore, it does not uid
the decommissioning costs and the cost of radw@etaste management covered by dedicated asseiatatl
by the nuclear operators.

The Court of Auditors had also estimated the prédaocost for the existing power plants ag:#%1.6/MWh
by considering the full economic cost: the wholemping costs and the end-of-operation expenditares
taken into account, as well as the initial congtamcinvestments amortized over the complete rediéédime.
Nevertheless, this cost was evaluated before thienigation plan of “Grand Carenage” which enables t
decrease the global amount of expected investnbetigeen 2014 and 2025 fronw& 55 billion to €015 45
billion without taking into account EDF’s cost rediion plan on its operational costs whose downviraghct

is around 1€/MWh.

One can give the following costs (in order of mague):

Grand Carenage (industrial program led by the powgarator EDF including post-Fukushima

investments, maintenance investments and upgrddée @xisting reactors for the next ten-yearly

visits): estimated cost in 2017 at €45.6 billion 2016 euro value) over the 2014-2025 period, this
cost is taken into account in the evaluation of ¢bet yet to be committed (it represents around
10€/MWh on the basis of the nuclear reactor lifespatil the &'

Decommissioning and waste management: gross cstitsagéed by the end of 2015 at €110 billion
for all nuclear operators (EDF, CEA, Orano and Admd especially based on a 50-year operating
lifetime for the 900MW reactors and on a 40-yeagrafing lifetime for the other reactors from the
commissioning date.

These costs must be considered carefully becaegeatie regularly updated by the operating compdines
particular for the Grand Carénage), they are degr@ndn the market evolution (especially for fuetley
activities) and they also spread over the wholetoedifetime.

The characteristics of the nuclear industry in terofi employment

The nuclear industry employs around 220,000 emgleythrough direct and indirect jobs, i.e. 6.7%hef
French industrial employment. It gathers 2600 camggawith a turnover of €52 billion a year, €1.8idn of
which is devoted to research and developfient

Small and intermediate companies represent 65%fdu600 companies compared to 3.5% for large ggoup
and operators (EDF). Nevertheless, the latter m@esent most of the jobs in the sector, whiekerg specific
due to its skilled jobs, the share of executiverichl, technical and supervisory staff exceeding thirds of
the workforce. It is also important to notice thghhlevel of specialization among the employeestaedact
that small active companies in the sector are moy dedicated to the nuclear industry. EDF andelarg
companies represent 75% of the total turnover:

Nearly 72% of turnover are generated by the maartea and the operation of nuclear reactors and
?05

0" & *or& " & !
124



ENERGY SUPPLY / PROMOTING THE RENEWABLE
AND RECOVERED ENERGIES

MULTI ANNUAL ENERGY PLAN
2019-2023 2024-2028

Construction and component manufacturing activiiesount for 8% of the industrial activities. In
particular, these are embodied by major projeaitgbiy the Flamanville EPR, ITER (demonstrator
+ w ( / QW (+

Radioactive waste management and sanitation acéaruatound 2.5%.

The Intergovernmental Panel on Climate Change ()P@&G published dathon the carbon impact of the

nuclear industry. Nuclear energy emits on aver&gC® /kWh over its entire life cycle (ADEME carbon
2

data).
The CEA has studied the breakdown of emissionalf@ctivities in the sector:
Extraction, conversion and enrichment of uraniu@to4
Fabrication of UOx and MOx fuels: 1%
Reprocessing and recycling of spent fuel: 7%
Waste disposal: 2%
Construction, operation and decommissioning ofteac40%

The environmental impacts of the nuclear industeytaus largely related to the management of nadseri
(cycle front-end) and the operation of reactorduding their decommissioning. The reprocessingtastria
implemented by France accounts for only 7% of #&®’'s greenhouse gas emissions.

The radioactive materials and waste produced byntiodear reactor fleet must be sustainably managed,
compliance with the protection of human healthesaAnd environment, on behalf of the legal rulgereed

by the Environment Code. With this objective in thira safe and sustainable final destination for the
radioactive waste must be sought and implementedder to prevent or limit the burdens that willl@ne

by future generations.

Revised every three years, the National Plan fer Management of Radioactive Materials and Waste
(PNGMDR) is the primary tool to implement thesenpiples in the long-term, according to the legal
framework set by the program law of 28 June 2006hensustainable management of radioactive maderial
and waste. Its main purpose is to draw up a regeldew of the management policy for these radigact
substances, to evaluate new needs and to set jgetiods to achieve in the future, particularlytémms of
studies and research.

One of the strong environmental stakes addresdbd RNGMDR is the issue of very low-level wasta/{ly),
which will constitute the vast majority of the vafe of waste resulting from the future decommissigrof
the existing reactors (five times more than todegoading to Andra's estimates in the National Ii@gnof
Radioactive Materials and Waste), no matter theade of evolution that will be considered, in pewtar in
terms of footprint or recovery.

The post-operation management of closed nucleaepplants will also need special care.

Apart from the evolution of the nuclear fleet tach 50% of power generation and possible new nupteaer
(see 4.5. The electricity mix), the developmenteobyes around the nuclear sector are given below.

Maintaining the jobs and skills of the nuclear isthy in a period of energy transition

Facing major difficulties in recent years, the maclindustry has dealt with a major reorganizatiamnticularly
in the reshaping of the Areva group (now Oranoglkow it to face the challenges ahead.

*6 44" $ 4 4 # 4 /4"54 6"56 /16 *# $
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Measures:
Supporting the development of a decommissioningsirg at both local and national levels.
Providing that technical, economical and marketlissi on SMRs, expected in 2019,
conclusive, launching the completion of stepsibgp conceptual design studies by the next
review, thus enabling a better assessment of ¢mattogy added vak and the development
dedicated skills.
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Measures:

Defining and supporting an R&D program carried loyithe industrial actors and leading to
long-term closure of the nuclear fuel cycle. Thisgpam will rely in the mediunterm on th
fuel multirecycling in pressurized water reactosile preserving the ability for a poten
industrial deployment of a fleet of fast-breedexcters in the second half of the*2%entury.
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Measure: Given the up-to-date measures regarding the ewvolati the nu@ar fleet and the complete clo
of the fuel cycle, ensuring that the inventory aggtions considered for the radioactive waste m
policy are consolidated and can be used for thpgpagion of the next national plan for the manags
radioactive materials and waste.
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winter. This mechanism will contribute, in the maaditerm, to reaching the right level of capacity of
production and erasure and should make it possbfaprove the signals of investment.

The Energy Transition for Green Growth Act aimsreduce fossil energy consumption by 30% in 2030
compared to 2012. In this development, it introdutiee possibility of restricting the annual numioér
operating hours of a thermal power generation pt@mmissioned after 28 October 2016. A detrbas
translated this provision by setting a greenho@seagnission limit value at 2.2ktG&y per year per MW of
installed capacity. For co-generation installatidhe emissions considered are those correspotmlthg sole
production of electricity.

The environmental impacts of the fossil fuel thdrfieeet are framed by environmental standardsaimnigular,
the 2010 directive on industrial emissions, theaied IED Directive, which incorporates and rencfs the
requirements of the previous Large Combustion Bl&itective and sets out the new constraints thaeh
been applicable since 1 January 2016 for elegtrpmidduction facilities. It toughens emission lisiip for
nitrogen oxides (NOX), sulphur dioxide (§@nd dust.

The IED Directive provides for derogations: insithns that do not comply with the new emissioritliralues

may operate for a maximum of 17,500 hours betwedanbliary 2016 and 31 December 2023. In this case,
emissions must be lower than the limit values efdkneral (non-derogatory) case of the "GIC Divettin
force since 2008 for existing groups.

The MAEP adopted in 2016 aimed to increase theiszaspacity to ensure the electrical peak, so esduce
the production of electricity from fossil fuels.

The coal thermal fleet

The fleet of high-power coal plants is composedbaf power plants, operated by EDF and UNIPER afor
total installed capacity of nearly 3GW. In 2017 groduction of coal power stations accounted fér'@/h

of production, i.e. less than 2% of national eleityr production, but 35% of GHG emissions from the
electricity generation sector.

Operator Department Power
Le Havre (sector 4) EDF Seine-Maritime 580 MW
Cordemais (sectors 4 & 5) EDF Loire-Atlantique 1160MW (2x580)
Emile Huchet 6, in Saint-Avold | UNIPER Lorraine 595 MW
Provence 5, in Gardanne UNIPER Bouches-du- 595 MW
Rhoéne

Table 21: Coal-based electricity generation fat
Today, there are 670 direct and 740 indirect jolthié four coal plants

Air emissions from coal-fired plants, pollutantslagreenhouse gases are their main drawback irbdenae
of a proven and economically competitive C€pture and storage solution. The carbon baseD&ME

reveals an emission factor of 1050kgQ@®1Wh, nearly three times higher than that of fjeed plants. The
provisions of the IED Directive have already ledhte shutdown of 15 of the most polluting coal pdegince
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4. Target energy mixes

4.1. The energy mix

Taken as a whole, the MAEP measures should chdmgErench energy mix. The tables below present the
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mixes which should result from it by 2023 and 202&yressed as final energy and broken down by isigcto

accordance with needs.

Final energy consumed in 2023 Final energy consumed in 2028
(TWh) (TWh)
Total Of which is Total Of which is
renewable renewable
Coal 2 0 0 0
oll 539 33 434 35
Gas 5 (PCI) 285 (PCI) From 13 to 20
320 (PC 6 (PCS) 320 (PCS) (PCh
358 (PCS) 14 to 22 (PCS)
Electricity 443 From 157 to 159 438 From 210 to 226
Heat (including biomass anc 237 196 261 From 218 to 247
biogas)
Total 1540 From 390 to 392 1418 From 486 to 5410

Table 31: Final energy consumed in 2023 and 2028dwyce (TWh)

m7

4" %

Figure 56: Progression of the real (2010-2016) gmdjected (2017-2028) energy mix by energy vector
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Refined Thermal
Coal petroleum Gas and waste | Electricity | Heat sold Total
products REN
Industry 1 19 124 24 116 13 298
Transport 0 412 5 35 21 0 474
Residential 0 56 124 111 150 19 460
Tertiary 0 19 64 22 148 9 261
Agriculture 0 33 4 2 9 0 48
Final energy 2 539 321 196 443 41 1541
consumption

Table 32: Final energy consumed in 2023 by sedt@vh)

In 2023, final energy consumption should be inrdgion of 1543 TWh i.e. 6.6 % less than in 2012095r
final energy consumption (including network lossl @mergy sector consumption in particular) sho@drb
the region of 1651 TWh. Renewable energy will pdev890 to 392 TWh, covering 24% of final consumptio

Refined Thermal
Coal petroleum Gas and waste | Electricity | Heat sold Total
products REnN
Industry 0 13 114 30 115 12 284
Public 0 349 11 37 32 0 429
Residential 0 33 108 118 143 24 426
Tertiary 0 11 48 28 140 9 236
Agriculture 0 28 5 3 9 0 46
Final energy 0 434 286 216 438 45 1420
consumption

Table 33: Final energy consumed in 2028 by sedtuvi)

In 2028, final energy consumption should be inrggion of 1,420 TWh i.e. 13.9 % less than in 203ss
final energy consumption (including network lossl @mergy sector consumption in particular) showdrb
the region of 1,527 TWh. Renewable energy will 3yg86 to 540 TWh, thus providing between 32% and
35% of gross final energy consumption.

The goal set by the Energy Transition for Greenw@noAct (Loi relative a la Transition Energétiqueup la
Croissance Verte, LTECV) for 2030 is that 32 %in&fenergy consumption should be provided by rexidey
energy.

4.2. The heat mix

The table below presents the energy sources thiaéngure that heat needs are met for the MAEPlites
when the measures put forward in the present MAERadopted, and in particular the heat fund trajgct

presented in part 6.
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2023 2028 Scenario A| 2028 Scenario B

Fossil (heating oil, coal, natural gas) 390 314 290
Electricity 99 95 88
Biogas (including injected biogas) 7 12 18
Wood 145 157 169

Heat pumps (aerothermal
Renewable |and geothermal) 39 a4 54
heat
excluding Geothermal energy 3 4 5
biomass

Solar thermal energy 2 2 3
Refuse-derived energy 4.4 7.6 9.9
Total heat production 690 635 635

Table 34: Heat mix resulting from the MAEP for 2@2®1 2028

In 2023, the MAEP should enable heat needs to bewmle 196 TWh of heat from renewable sources, i.e.
28 % of final heat consumption.

In 2028, the MAEP should enable heat needs to bevitiebetween 218 and 247 TWh of heat from rendevab
sources, i.e. between 34.3% and 38.9% of final t@atumption. The goal set by the LTECV is tha2080,
38 % of final heat consumption will be providedreymewable energy.

This progression will be achieved through an averate of increase in renewables and refuse-deeneryy
of between 1.2% and 1.8% annually between 202®@84, where the renewable energy directive regaires
minimum growth of 1.3 % annually starting from 2020

To be noted that if x % of biogas is injected itite network, x % of gas consumed to produce heatdgns
of the network is considered as renewable.

To be noted that electricity from renewable souisast accounted for here because European mdtgydo
considers that since specific goals have beemseatfiewable electricity, it should not be accodrite twice.
Only the goals that are not tracked by energy veuotnitoring are followed up here. The table bekhwows
the breakdown of the biogas sources.

2023 2028 Scenario A| 2028 Scenario B
Heat produced by injected bio methane 3.9 8.3 12.1
Heat produced by cogeneration | 2.6 | 3 5.3
Direct heat or network heat 0.8 0.8 0.8

Table 35: Source of biogas in 2023 and 2028 (TWh)
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Figure 57: Final heat consumption from renewablarses

4.3. The liquid fuel mix

The table below presents the energy sources thlaemgure that liquid fuel needs are met for the BRA
timelines when the measures put forward in thegmeSIAEP are adopted.

2023 2028
Fossil 83 79
Petrol 1G renewable 6 6
2G renewable 2 3

Fossil 290 234
Diesel 1G renewable 22 18
2G renewable 3 8

TOTAL 406 348

Table 36: The liquid fuel mix that the MAEP willadgxte in 2023 and 2028 (TWh)

In 2023, the MAEP should enable liquid fuel nearlbé met with 33 TWh of fuels from renewable sosyce

i.e. 9 % of final fuel consumption.

In 2028, the MAEP should enable liquid fuel neexlbé¢ met with 35 TWh of fuels from renewable sosyce

i.e. 11 % of final fuel consumption.

The goal set by the LTECV for 2030 is that 15 %l fuel consumption should be provided by renelea

energy.

4.4, The gas mix

Gas consumption is characterized by a strong salorihe differential for gas consumption betweha
winter peak and the summer off-peak is a fact@oofiewhere around 10. In France, the gas spikeniseoted
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on the one hand with direct use for heat (abouGlWPand, on the other hand and to a lesser extéthtgas
consumption for electricity production (less th&GIV).

In 2016 (the benchmark year for the chart), theseal variation for gas consumption between thieespnd
the minimum consumption was higher than the safffierélintial for electricity:

# 081 7:11&@ %
Between 32 and 92 GW for the electricity spike.
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Figure 58: Daily spike (gas in GWh/day on the &ft electricity in MW on the righ )

The goals for reducing fossil fuels make a casedaiewing natural gas use by directing it towatdssectors
where its use is essential and by reducing the ddrspike for gas.

While there are some advantages in using gas,ipailhcin terms of storage and volume modulatiorihia
networks, it is 100% imported and therefore requbig investment in the networks. Since gas consomp
is thermosensitive, a significant drop in the ukgas for heat is required to achieve the goabwfering the
gas consumption spike. In the future, it appeacessary to speed up the pace of building renoatroarder
to reduce the thermosensitive share of consumpiiotihe one hand, and to prioritise biomass heatorks
on the other.

138



ENERGY MIX TARGETS

MULTI ANNUAL ENERGY PLAN
2019-2023 2024-2028

@:
k-
I::-&+
\ ?"111

Puissance maximale
hebdomadaire consommée
(Gw)

280

180

130

30

Solde importateur échanges élec (GW)
Elec Eolien (GW)
Elec Autres (GW)

= Bois (GW)

Elec Nucléaire (GW)
m— Elec gaz (GW)
@™ Ga hors appels RCU et prod élec (GW)

m Fioul (GW)

mmm— E|ec hydraulique (GW)

Elec Solaire (GW)

RCU (y compris a gaz) (GW)
= GPL (GW)

= Autres énergies secteur industriel (GW) Pointe 2016/2017 toutes énergies

Figure 59: Demand curve for all energies in 2028

The table below presents the energy sources thiaéngure that gas needs are met for the MAEP tives|
when the measures put forward in the present MAERdopted.

2023 2028 Scenario A 2028 Scenario B
Natural gas 315 (LHY) 272 (LHV) 265 (LHV)
9 352 (HHV) 306 (HHV) 298 (HHV)
5 (LHV
Biogas (injected biomethan) 6 EHHV)) 13 (LHV) 20 (LHV)
14 (HHV) 22 (HHV)
7 (LHV
Biogas (other) 8 ((H HV)) 9 (LHV) 9 (LHV)
10 (HHV) 10 (HHV)

Table 37: Gas mix that the MAEP will enable for 2@&d 2028 (TWh)

In 2023, the MAEP should enable gas needs to bevitietl4TWh of gas from renewable sources, i.e.3%
final gas consumption.

In 2028, the MAEP should enable gas needs to benitletbetween 24 and 32TWh of gas from renewable
sources, i.e. between 6 and 8% of final gas consamp

The goal set by the LTECV for 2030 is that 10 %iwdl gas consumption should be provided by rendsvab
energy.
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4.5. The electricity mix

The table below presents the means of electrictiglyction for the MAEP timelines when the measyres
forward in the present MAEP will be adopted.

2023 2028 Scenario Al 2028 Scenario B

Nuclear 393 382 371

Coal 0 0 0
Fossil Oil Heating

34 32 32

Gas

Hydro 62 62 62

Terrestrial wind turbines 53-55 79 83

Photovoltaics 24-25 43 53
Renewable

Bioenergy 9 9 10

Offs.hore Wlnq and renewable 9 17 17

marine energies

Table 38: Electricity mix that the MAEP will enalite 2023 and 2028 (TWh)

In 2023, the MAEP should lead to a production mapef between 157 and 159 TWh of electricity from
renewable sources, 34 TWh of electricity from tha@rsources and 393 TWh from nuclear sources 2i/6
of electricity production from renewable sourced &ii % of electricity production from nuclear sasc

In 2028, the MAEP should lead to a production mapef between 210 and 226 TWh of electricity from
renewable sources, 32 TWh of electricity from th&rsources and between 382 and 371 TWh from nuclear
sources, i.e. between 33 and 36% of electricitgpetion from renewable sources and between 59 28d 6

of electricity production from nuclear sources (eppange for REn goals).

The goal to diversify the electricity mix

The Fessenheim nuclear power station should bedshwi with effect from spring 2020, by applyingapc
to the installed electronuclear power, establisihgdthe Energy Transition Act, and to enable the
commissioning of the Flamanville EPR.

EDF has already indicated that the two reactotiseapower station would not be used in any caserzbthe
deadlines for theirperiodic safety re-examination in 2020 and 202the start-up of the Flamanville EPR
reactor goes according to the updated timeframeegdsy EDF, the two Fessenheim Reactors will be shu
down after winter 2019-2020, and it will be possibd plan for a halt to all electricity productitmom coal
during this five-year presidency. If commissionofghe EPR were to be delayed, the two Fessentezntars
will be shut down in spring 2020 in any case, bettimeframe for the staggered shutdown of coalyetion
facilities would have to be revised in order to gumee the security of supply.

Beyond this first stage, the government is pursaingpal of diversifying the electricity mix to aeki a
reduction to 50 % of the nuclear share in eledyriproduction. This diversification policy is a pemse to
several different issues:

A more diversified electricity system, if it sucdsdn incorporating an increased volume of renewvabl
energies, can be more resilient to external impsieth as, for example, a drop in the production
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capacity of reactors following an incident or a génfailing leading to the non-availability of sral
reactors;

The vast majority of the nuclear electricity powstation system was built over a short period oétim
about fifteen years. It is therefore not practieatl set a similar operational duration for all the
reactors: such volumes of decommissioning over auttncentrated time period would risk security
of supply problems. We should therefore plan ferearly shutdown of certain reactors in the exgstin
system to avoid a "cliff edge" effect which woule bnacceptable both in terms of the social impact
and for the sustainability of the electricity syateThe progressive reduction of the nuclear power
station system will smooth out the decommissiomind the investments in new production capacities
without generating over capacities. From this pointiew, EDF has confirmed the industrial value
of shutting down part of the system before the @tk expected maximum service life (60 years);

Several channels for electricity production fromewable sources have shown their ability to compete
and will make up a significant part of the longrteglectricity mix, at least towards the level whare
massive storage of electricity need will appead amore when the technical schemes of electricity
storage will become competitive;

Finally, diversification on this scale towards resadle energy should be smoothed out over the course
of time because the new renewable capacity wilinstalled in a diffuse and decentralised way by
means of small projects and channels, thus reguérigradual stepping up in power.

The LTECV sets the goal of limiting the nuclearrghtm 50 % of the electricity produced in Francebg5.

In the notice from the Council of Ministers of 7 Wnber 2017, the Government had taken note ottitkes
conducted by RTE in its provisional 2017 forecdshe electricity supply/demand balance which destiate
that a 2025 deadline raises operational difficaltrdth regard to our climate commitments. Despite t
Government'’s future proactive development of reridevanergies, and given the poor short-term matofit
storage solutions, France would be forced to kalilout twenty new gas facilities over the next sexgars in
order to guarantee security of supply during congion spikes, leading to a major and durable irseda
greenhouse gas emissions.

It seems impossible therefore to reach the goliiniting the nuclear share to 50 % of the electyigiroduced
in France by 2020, except by risking disruptionEitance’s energy supply or by relaunching the ¢angon
of combustion power stations which would run camytta our goals of combating climate change.

Thus, the government has set the goal for thisrpssiye diversification of the electricity mix aftdeving a
50% nuclear share in the mix by 2035. Such a pssipa is consistent with our climate commitmeritsuil
be completed without building any new fossil fueéitmal power plants, it will not lead to an increas
greenhouse gas emissions from our electricity ptolu and it is compatible with shutting down allr@oal-
fired power plants between now and 2022. It is a@gnsistent with the requirements of the stratemy f
processing and recycling nuclear fuel and withsihgtainability of the facilities in the cycle.

The government has chosen to set a clear plahdéochianges to nuclear capacity, including beyoaddim

of the MAEP (2028), so as not to task our successdth designing the modalities for putting this
diversification into action. Posting a legible afmward-thinking trajectory will enable the regioasd
employees to prepare better, undertake their rezsion well in advance and structure the dismamtlin
channel. It will also provide a clear view of futulevelopments for all players in the electricitggtem with
regard to their investments.

After 2035, the diversification of electric mixIsgtands, in order to keep a robust and carbandtectric mix
in long term, it will be based on complementanhtemogies.

The trajectory of evolution of the electro-nuclegstem

To achieve this goal of 50 % of electricity prodant between now and 2035, the government sets the
following guidelines:
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1) 14 nuclear reactors will be shut down between noevZ035, including those at the Fessenheim plant;

2) The general principle will be to shut the reacttws/n (excluding Fessenheim) by the date of th&ir 5

ten-year inspection, i.e. the shutdowns will odoetween 2029 and 2035.

Shutdown at the"sen-year inspection is:

An industrially consistent scenario: th&tBn-year inspection is a well-defined date for wiham
extended shutdown and investments are mandatoiighw¥ill not be undertaken if a definite
shutdown is planned at this date.

To meet electricity demand in France as in Eurapestment in prolonging reactor use is less
costly than investment in new capacity. As long@sortunities exist with no overcapacity leading
to sharp falls in the market price, this is the te®nomically advantageous scenario for France.
This set up enables the French and European elgctriix to derive benefit from an essentially
carbon-free production, which enables a reductidauropean C@emissions when it substitutes
a more carbon-rich electricity production.

The government believes that these shutdowns asestent with EDF’s industrial strategy, which
will amortise the 900 MW reactors in the accountsraa period of 50 years, and will therefore
not give rise to compensation.

However, strict compliance with this principle dfusdown at the 5th ten-year inspection would leadn
average of 2 reactors being shut down per yeardeet2030 and 2035, raising the question of mandgiag
programming socially, technically, and in terms paflitical capacity for the governments of this time
Depending on our neighbours’ decisions with regairtie development of renewables or shutting dayesif
fuel production capacity, the European electrisijgstem could find itself in overcapacity by 2030isth
justifies planning to shut down some reactors veade.

However, research carried out in 2018 by RTE indthat it will be difficult to shut down any reacs apart
from the Fessenheim ones before 2024. It does hmwshow that it is possible to close between 2 4nd
reactors (not including Fessenheim) between 2084628.

3) In order to smooth out reactor shutdowns so aadilithte the implementation socially, technically

4)

and politically, the government requests that ECdkenprovisions for the closure of 2 reactors before
their 8" ten-year inspections in 2027 and in 2028 in lifh the energy policy. These reactors will be
shut down except if:

The Nuclear Safety Authority (Autorité de SUretéchaire, ASN) demands the closure of other
reactors for safety reasons between now and then;

Their closure leads to non-compliance with critéolasecurity of supply.

The government could theoretically also ask EDFtfer additional reactor shutdowns, in 2025 -
2026, if the following conditions came together ciatively, in addition to those cited above :

The neighbouring countries to France undertakepi iaansition of their electricity production
system, in particular by shutting down a large ami@d coal-fired electricity production capacity,
and massively develop renewable energy so thatskeurity of supply does not rely on French
production capacity: the French export balance ddbérefore be reduced and the closure of
nuclear reactors would enable a limitation of oapacity;

There exists a significant margin in terms of sitguf supply across the nuclear capacity, making
it possible to continue supply if the ASN ever diesi to suspend the operation of several reactors
for safety reasons;

Market prices for electricity remain low becausecofe production overcapacity with a low
variable cost (renewables and nuclear), therebyedsing the profitability of prolonging the
whole of the existing system, and enabling a capaeduction without shifting the burden onto
French consumers.
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A report analysing these conditions will be the raiitted by the Committee for Energy Regulation
(Commission de régulation de I'énergie, CRE) togbeernment before 1st December 2022, based on RTE
expertise.

5) The final version of the MAEP will identify thetes to close in priority. To implement this trajagt

for the evolution of installed nuclear capacitye tiovernment has asked EDF to submit a list of site
for closure, amongst the 900 MWe reactors in or@eninimise both the economic and social impact
and the impact on the electricity network, by fptising reactor shutdowns that do not lead to the
complete shutdown of any nuclear site. The firsthgsis of the government, on the basis of the &ge o
sites, the date of the ten-year inspection, anctineent industrial and economic situation desctibe
by EDF in its paper for public debate on MAEP, wbuabnclude on the closure of 12 reactors, in
priority on the sites of Tricastin, Bugey, Graveln Dampierre, Blayais, Cruas, Chinon, ans Saint-
Laurent. Before the end of consultations on MAEPFHave to confirm or modify this.

6) The reactor closures will be confirmed 3 year®teetheir implementation, based on data available a
that time, to ensure that the above-mentionedr@aigre complied with. They will be implemented
after the shut down of coal plants, provided thegt decrease of the carbon content of electricity
production is the priority. This early action willrthermore allow us to support the regions affeécte
by the closures, particularly by setting up ecatagiransition contracts that enable them to pigdte
in the new development dynamics.

Coherence with the strategy for processing andalewy nuclear fuel

The reduction of nuclear capacity has consequencelse whole fuel cycle. The strategy for procegsand

recycling nuclear fuel is particularly important fi@ducing the volumes of radioactive waste produdéis

strategy will therefore be retained over the MAERiIgd and beyond, by the 2040s, when a large podio
the facilities and workshops of the Hague plant rgihch the end of their life. To this end, andampensate
for the closures of the MOX fuelled 900 MWe reastover this period, the moxing of a sufficient nembf

1,300 MW reactors will be undertaken in order td&kemmanagement of the French cycle sustainable.

EDF confirmed the absence of any unacceptable iemhobstacles to these operations, subject to the
establishment of a balance sheet for safety mathatswill happen in 2019. The moxing of some ilmetnts
could then occur by 2030 (with the objective ofratfcharge in 2028), taking operational deadlizued prior
authorisations into account.

Beyond the 2040 timeline, the government, in asdmei with the channel, should reflect on the styat
directions it desires for its fuel cycle policy deal on R&D efforts which will be pursued over that of the
MAEP in the domain of closing the fuel cycle, inrtaular for the multi-recycling of the nuclear fua the
reactors of the current system, and to a longer ter the building of reactors from generation IV.
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Technological options for electricity productiondohieve carbon neutrality in the long-term

Achieving carbon neutrality by 2050 is a priority fFrrance to meet climate challenges. It requinedang-
term electricity mix to become completely carboseir

New nuclear capacity does not for any reason semrassary to ensure a balance in electricity sugppty
demand before 2035. Beyond that, the question resvadihow to build new means of carbon-free eleityri
production to ensure a balanced supply and dermmahde with the decommissioning of the current eacl
system.

In the current state of technology, it is not pbkesto determine with certainty which technologiél be the
most competitive to ensure our electricity mix bisthorizon, between nuclear and renewable enénggd
with storage and other flexibility solutions.

The deciding factors will be: the capacity of efmity networks to incorporate intermittent eneigurces;

the maturity of electricity storage technology lining inter-seasonal storage; and the economfopeance

of the different sectors calculated using the falt. After 2030 and by 2050, these parameters|dHmm
combined to design France’'s new energy landscapeeatablish the respective shares for nuclear and
renewable energy: several scenarios can be endisggiag from a scenario of 100% renewables teaato
where nuclear permanently remains an electricibgpction source incorporated into the electricify for
reasons relating to managing production and comneriess.

Because of the uncertainties, it is necessary iateia the French knowledge to build new nuclearcters
based on domestic technology and industrial caitiabil

Preliminary conditions and the work required to raakdecision

@

64147 >

demonstration by the French sector of its capdoitpanage an industrial program for new reactors,
by formalising the consolidated feedback on the ro@sioning of the first EPRs, in particular

144



i, : = r =
G *@‘ ;‘_‘--" AN )& ENERGY MIX TARGETS

fH < B et P o

Flamanville 3, and on the engineering phase angstnidl mobilisation of Hinkley Point C, and by a
program to remove risk from the new EPR 2 reactodehproposed by EDF;

appraisal of future costs of the new EPR2 reactmtahproposed by EDF and the technical economic
comparison of nuclear power with other modes of-t@nbon electricity production, taking into
account all the direct and indirect costs (netwdekelopment, total storage cost, management of
nuclear waste, etc.);

Impact analysis of the management of the wastergtteby a new system, which will be incorporated
as part of the development of the National RadivadVaste and Materials Management Plan (Plan
national de gestion des matieres et déchets radgaNGMDR);

analysis of the possible options for the portagergement and funding of a program of new reactors
for the French electricity system, including thestion of the model of economic regulation for thes
new reactors;

the necessary actions to gain European Commissitiiation of the selected funding and portage
provisions;

the studies in order to decide on which sites e reactors will be installed;

the actions to be taken in terms of public contiolta

the adaptations to the national legislative andileggry framework which would be necessary for
running a new reactor program.

It is also necessary to appraise, before the néER] and on a regular basis, alternative optiorensure a
free-carbon electric mix and ensuring the secwafityupply.

In terms of the alternative options, the State imWest in research on batteries, hydrogen stofag@art of
the Hydrogen Plan) and power-to-gas in order tdtalige on French expertise in this field, to brithgwn
costs and to offer a robust alternative to an etgist mix relying on uncontrollable renewable egies.
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SECURITY OF SUPPLY, NETWORKS DEVELOPMENT,
STORAGE, FLEXIBILITIES AND LOCAL PRODUCTION
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Supply security can be defined as the capacith@&nergy system to continuously meet foreseeahikan
demand at a reasonable cost by balancing suppldemdnd.

5.1. Supply security of liquid fuels

5.1.1. National issues: refining and strategic st&s

In 2017, France extracted about 0.8Mt of crudérorh its subsoil, which currently represents 1%afional
consumption. The majority of the deposits are ledan the Paris basin with 60.8% of total extractio
followed by the Aquitaine basin (38.8%) and Alsf2&%).

In a context in which domestic hydrocarbon ext@cionly marginally contributes to national needsinée

is almost totally dependent on petrol imports fomestic consumption. In order to secure its sumbly
petroleum products, France diversifies the regfams which it imports crude oil. In 2017, oil imgercame

from the Near East (25%) , Russia (11.4%), Kazakh&l5%), Africa (23%) and Norway (9%).

France also imports refined products (diesel, yet)f In 2017, imports amounted to 41.2Mt while exg
totalled 21.9Mt (including bunkering). The majorit§ French imports (53.4%) consist of diesel anating
oil. By contrast, heavy fuel oil is the main exp@2.2% of French production was exported in 2017).

By 2023, petrol requirements should be 700TWh anad28 565TWh.
The oil logistics network in mainland France cotss:

Import depots for petroleum products, located asechs possible to refineries or ports, providirgg t

Pipelines for the transportation of : +
intermediate depots before final delivery to constsrthrough the service station network.

Each level of infrastructure is an indispensabi& fior supply security. The density of the netwarld, in
particular, intermediate depots contribute to dyaBupply throughout the country. Declining petrol
requirements will lead to changes in the profitapibf the infrastructure. This must not be allowsd
jeopardise the security of hydrocarbon supply.

France has had stable overall storage capacipetooleum products since 2015, of around 46Mmgehuting
15.7Mm3 in refineries and 7.5Mm3 excluding refimariin a total of 23.2Mm3. More than 60% of these
infrastructures are dedicated to the storage aftfed products.
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DETAIL DES STOCKS AU 31 DECEMBRE 2015

PAR PRODUIT PARTYPE
' Pétrole brut
328%
Distribution >
450% j_-'l
23005 | 23005 Raffinerie
miilliers de | milliers de 55,0 %
tonnes | tonnes
Produits finis ’
623 % . Froduits
y intermédiaires
49 %

Figure 61: Detail of stocks at 31 December 201%urSe: Professional Petroleum Committee (CPDP)

Diesel is still the main fuel (47%), super-fuelslget fuel represent respectively 13% and 7% ofcap The
territory’s network is deployed to the benefit efpats with larger capacities. Oil depots with aacaty greater
than 400 are slightly down (201 in 2015 against 207 in 2013

The distribution of storage capacity in mainlandriee is influenced by the proximity of refining lndmport
sites, but also by the infrastructure for masssjpart of products (pipelines). The Normandy andvence-
Alpes-Cote d'Azur (PACA) regions together accoont8% of storage capacity. To a lesser extentgiens
of New Aquitaine and Hauts-de-France together sepmel8% of capacity due to the presence of |langeiit
depots.

In mainland France, since 1 July 2012, the stratstgicks that operators must establish and re¢giresent
29.5% of the quantities of petroleum products ttisted in year n-1, minus the quantities of crudipreduced
on national soil (decree of 29 January 2016). Theks thus constituted to meet the strategic seootdjgation
represent 88% of stocks in France. The plan fotdbation of strategic stocks, approved by the btan of
Energy, requires operators to locate their secstgks on a site linked to consumption and sufiplys.

5.1.2. Local issues: Intermediate stocks and seretations

Today, hydrocarbons account for nearly 90% of thexrgy consumption of the transport sector. Consiampt
projections for petroleum products foresee a dserebalmost 25% in 2028 compared to current copsom
Ongoing vigilance is needed to enable the adaptaifopetroleum logistics in order to guarantee $upp
security: lower consumption will make it difficutt maintain the entire network of secondary depet®ssary
for quality supply.

Only the most profitable depots will be able to a@mactive, thus leading to a concentration ofvagtiin
these depots. There are 200 main depots todayhanrelis a risk of a sharp decrease if there iscaedise in
consumption.

It is necessary to maintain a sufficient geogragmetwork:

To guarantee supply security. Indeed, excessiveeardration of storage premises entails risks of
shortage for the consumer if one of these sitemiscessible and the others cannot support thétscti
of the missing site, or if extended travel time sloet facilitate the guarantee of an adequate guppl

To ensure proximity between storage and consumpties in order to avoid an increase in the number
of road tankers on the roads for the distributibfuels.
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In addition, the rules on risk prevention makefficllt to create new storage capacity in the namshpetitive
depots. Storage capacity lost in closed depotsataasily be redeployed elsewhere.

This subject therefore requires special attention.

The number of French petrol stations fell by ne@B96 between 1980 and 2017. Nevertheless, Fraitice st
has a number of petrol stations providing efficisstvice to the national territory. Fuel salesiaceeasingly
concentrated in high throughput stations, in paldicthose owned by large and medium-sized supé&etsar
(GMS). The geographical distribution of the stasi@mthe country is satisfactory for most citizens:

90% of households can get to 41 ?2G
815 G 7
F A 41

Under 2.5% of households have a service statiom iti@n 30km away.

The average time to get to a service station bydegnt is used as an indicator to monitor thedian of
the network. 90% of individuals must be able totget service station in under 25 minutes. In 204 than
4,3% of families have more than 25mn of journey.
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Figure 62: Home-service station journey time (IR8nork), source: DGEC
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In addition, natural gas suppliers are under angatibn to ensure continuity of supply to these sam
consumers, including in the event of disappearahtge main source of supply for a maximum of sontis
under average weather conditions. The supply of igathe French market is subject to ministerial
authorisation. Justifications enabling confirmatimincompliance with the continuity of supply obliigas
may be requested when the supply authorisatiopdated annually.

Diversification obligations

Beyond a certain market share, a natural gas supplrequired to diversify the entry points ofstgply in
the national territory. The terms of this obligati@re specified in Article R. 121-1 of the Energyd€. In order
not to penalise new entrants, this measure doesppby below 5% of market share.

Obligations for continuity of delivery

Managers of natural gas transmission and distohutietworks must size their infrastructures so tiatiral
gas can be delivered at the level corresponditigetsupply security objective.

Infrastructure operators are also required, undéfip service obligations, to provide advance reuf the
dates when their facilities will be unavailableoirder to allow suppliers to ensure continuity obsly.

5.2.3. Gas system sizing, storage
Over the past decade, the gas system has beeficsigttly enhanced to facilitate natural gas flows.

The gas system now has seven main interconneatiomsp(import capacity of around 2335GWh / day) and
LNG terminals located on three seaboards (impgracity of around 1160GWh / day), providing access t
diversified gas sources: the North Sea, RussiaN#tberlands, the Maghreb, but also more genetadly
international market for liquefied natural gas (LNG

In mainland France, gas flows are ensured throughsh of transmission and distribution networks wark

in synergy with natural gas storage facilities. Wite completion of the Val-de-Sadne and Gascogiug-M
projects, the natural gas circulation capacitighiwithe French gas system are considered suffitieallow
for the implementation of a single market, readityce 2018, Novembeftl

The current sizing of the gas system ensures ttesich consumers are supplied. Given the prospects f
decline in natural gas consumption, optimisatiothefuse of existing infrastructures or even thegiuction
will be sought.

This optimisation of the use of existing infrasttres relates particularly to underground gas gtora
infrastructures. Article L. 421-3-1 of the Energgde therefore provides the definition, within thelMYear
Energy Plan, of the storage facilities that guaramhedium- and long-term supply security.

Over the period covered by this Multi-Year Enerdgr? the natural gas import infrastructure is nqiested
to be disrupted. Uncertainty about the future Usta® Fos-Tonkin terminal, in the event that theura gas
suppliers do not sign up for any new capacity, dagsshange the liquefied natural gas import capaci the
Mediterranean coast, which can be provided indylthe single terminal of Fos-Cavaou.

The main expected change in the gas system rétathe gradual conversion from the low calorific gao-
called L gas) network to the high calorific gasli@zhH gas) network. The roll-out of this conversiequires
that all of Gournay's storage infrastructure bemesd for the storage of L gas until 2025, degpieegradual
decline in consumers supplied with this qualitga$. The future of the two pipes that make up Hisnieres
B interconnection point is uncertain at this moméme options being conversion to H gas transmmsaiod
abandonment.

Over the period covered by the Multi-Year EnergydgPamme, natural gas underground storage infrastes:
will continue to play a key role in ensuring coniiy of delivery over the networks, especially e tevent of
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a continued concentration of supplies from NortlstEen France, by building up natural gas stocks
downstream of potential congestion fronts. Theyaldo continue to be necessary to ensure thaeheystem

is able to meet demand in line with the objectisupply security, without jeopardising the transsmn of
natural gas to other European Union Member Statts Switzerland.

The Multi-Year Energy Programme confirms the outléor a fall in natural gas consumption, but thisre
uncertainty about the pace of this decline. In &g the contribution of LNG terminals during aasnap
depends not only on emission capacities, but algh@level of tank filling, which has varied cahsiably in
recent years, and for which the fluctuation outloukst be taken into account. While Articles L. 482-and
L. 431-6-3 of the Energy Code set the objectivdeifeloping the interruptibility of natural gas cangption,
the potential for this development is difficultéstimate at present.

The underground natural gas storage infrastructecessary for medium- and long-term supply sechetye
been identified by incorporating these uncertamitnto analyses of potential needs to ensure trigsgm on
the natural gas transmission system and the abiiitlye network to meet the demand.
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Figure 63: Estimation of the underground storagpaxcities needed to ensure the network's abilitypéet
demand, including L gas and back-up stocks.

Over the next ten years, there is no need for nedenground natural gas storage infrastructurermthie
reactivation of any of the three currently mothbdlunderground storage facilities. The range otramty
as of 2023 involves keeping the underground storEgastructures currently being used in operatanrthis
timeframe.

Between 2019 and 2023, the underground naturadtgeasge facilities that must remain in operatiorreure
medium- and long-term supply security are thogedibelow, representing a usable volume of 138.5awWh
an extraction capacity of 2376GWh / day, which reeé% of the usable volume needs:
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The management of rapid fluctuations in supply dedhand, which requires that there be
sufficient flexibility levers in the electricity syem to compensate for them. These levers are
demand management, storage, interconnections,atcbtable production units.

The criterion of supply security responds to a philistic approach based on the development of the
levers.

This section examines the different determinantselefictricity supply security and how to ensure it
satisfactorily.

5.3.1. The criterion of supply security

The RTE's annual electricity supply and demandriz@ldorecast is the benchmark used to assess the risks
to the security of electricity supply in France.eTimost recently published assessment includes-dapith
study of the supply-demand balance over the negtears. This study quantifies the average digmpt
duration, analyses risk scenarios and evaluatesléugricity generation or curtailment capacitieeaed to
ensure the security of electricity supply.

Article D. 141-12-6 of the Energy Code sets theutison criterion of the electricity system at “amerage
annual disruption duration of three hours due todalance between electricity supply and demand”. éices
the Energy Code does not explicitly define whahésant by the notion of “disruption”. The definitiased by
RTE to build its models refers to situations in ghthe normal operation of the market no longer esak
possible to ensure a balance between supply andrdkerhe transmission system operator must themtres
to exceptional contractual or non-contractual Isyas presented in the following figure:

Figure 46: Disruption situations Source: RTE, 2018

63 . Electricity supply-demand balance forecdstps://www.rte-france.com/fr/article/bilan-preasinel
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The disruption expectation is calculated basedhendefinition provided by RTE by devising a rande o
scenarios that take particular account of tempegafunterconnections and the production risks daoe
different sectors. In the models produced by RTEgliaruption expectation of three hours per yearasgnts

a consumer cut-off expectation of less than twargtéu
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With a total of 48 interconnection lines and 12iaddal projects by 2030, including three under stonction,

France is very well interconnected with its neighisoT oday, with an average import / export interconiogct
capacity of 15GW, France has 11.5% interconnedtiin its neighbours. By 2030, it is expected toasa
26GW of interconnection, to reach at least 16.5%e detailed issues relating to interconnectionsyedbas

the list of ongoing projects, are outlined in seets.6.4 on electricity grids.
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Figure 66: Illustration of electric demand variaityl and residual demand today and in a scenaristaing
development of renewable energy in 26&burce: RTE, 2015

In its forecast of the balance of electricity sypahd demand for 2017, RTE devised several scenésee
below). The Ampere and \olt scenarios are basethajor development of photovoltaic and wind power,
leading by 2035 to installed capacity levels, resigely, of 67GW of wind power (including 15GW dffshore
wind) and 48GW of photovoltaics " 81&@ . ?18&@ +

and 36GW respectively for the Volt scenario. Thestalled capacity levels for wind and photovoltap@ver
are of the same order of magnitude as the whotheofrench electricity infrastructure in 2018, sdurces
combined, which is 101GW.

These massive developments of non-controllablecitigm should change the pace of residual consempti
i.e. the net electricity consumption of so-called@ndary renewable energy production. Forecasitsijzate
a reversal of the daily peak and the appearan@tofugh in residual demand at midday, reflectiegkp
photovoltaic production. The daily amplitude ofidesl consumption is increasing, while the formmegidual
demand at weekly level has changed.

In the two Ampere and Volt scenarios, the high Ileweé solar and wind power production in summerpdigs
exports, which reduces the need for the developwfeifexibility at national level. Occasional dumypj, i.e.
when production fails to find outlets in Franceegport, appear by 2035.

Figure 67: lllustration of production, consumptiand exports in a summer week in 2035 (Ampere snar
— Source: RTE, 2017
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Other sources of renewable energy have charadateribiat are generally beneficial for supply seguiin
addition to hydraulics with Pumped Energy TranSeations (STEPs) and hydraulics on lakes, which are
already essential sources of flexibility for theatfical system, pondage production has a regutatygtion
profile with room for manoeuvre to vary productiatintraday level. ROR production provides no fiéliy,

but does offer a regular production profile.

The production of electricity by cogeneration frawlid biomass or biogas has a basic productionilerof
(production that is substantially constant throughthe year) or a semi-basic production profilekeli
hydraulics, they even offer a certain intra-daxifddity to help them achieve the supply-demandabak.

The analyses carried out by RTE in its forecasbrteponclude that the integration of significanteeable
energy capacities (more than 100GW installed byp2@FAmpere) will not require the development ofvne
flexibilities to ensure balance between supply @mehand. Nevertheless, this development of non-claibite
electric renewable energies raises new challetgeésan be addressed using all the existing flityilbevers,
including flexibility of demand, storage and intentiections.

The scenario selected by the government in theegbof the MAEP leads to wind energy levels of 34.1
35.6 GW, and photovoltaics of 35.6 to 44.5 GW i2&0According RTE studies, levels do not require
additional flexibility.

Other countries, including European countries, lraueh higher variable renewable energy penetratitas
than in France, but without suffering disruptiong do supply-demand imbalances (see the exampieland
below).

In 2016, French electricity generation facilitig#ll Sncluded 6.67GW of oil-fired electricity prodtion
capacity and 2.93GW of coal-fired generation caya€n 31 March 2018, EDF closed its last larg€fiogid
power plant in Cordemais for economic reasons. Gbeernment has announced its intention to closé coa
plants by 2022 or to support their conversion talsdess carbon-intensive solutions, as part ofCivaate
Plan. The Government has also announced thatwikitze no new gas plant projects.

The cumulative disappearance of these capacitteseba 2016 and 2022 will result in a decreasesixilfility
of electricity supply and a greater need to mobitither means of flexibility.

Studies carried out at the end of 2017 by RTE guuthted in 2018 confirmed the possibility of closihg last
coal-fired power plants by 2022, while respectingy security criteria both at national and |deakels.

5.3.5. The development of flexibility of electricy demand: Curtailment

The uses of electricity are constantly changingeeslly for individuals, with the continuous despiment of
new electrical and electronic equipment for coméort leisure and changing needs of HVAC. Furtheemor
the target of achieving carbon neutrality by 206@mcouraging the transfer of certain uses of ritégtin
transport and in industry. The development of eleatobility could, in particular, have a major iagi on the
electrical system depending on the recharging memagt strategy adopted. It is therefore essentidvelop
solutions for optimising the charge of electric iodds (regulatory, economic, tariffs, etc.) in arde smooth
consumption and limit impacts on the network areldlectrical system.

*  See chapter 3.4.9. Fossil thermal facilities
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Curtailment of consumption: A useful lever of thity for the electric system

The Energy Code defines electricity consumptiortagiment as action targeting particular consumers f
temporary reduction, upon request, of their levieéxtraction from electricity transmission or dibtrtion
networks, compared to a forecast schedule of copsomor estimated consumption.

Curtailments help to balance the whole electrigagtem in real-time, by using short mobilisationayl.
Curtailments are intended to replace peak productieans such as thermal power plants during peatiemwi
consumption. It can also help limit the need fad geinforcement and related costs. Consumptiotadorents
can be achieved in two ways:

Consumers are encouraged by their suppliers tocdeadwnsumptioduring peak periods by a higher
price as part of their supply contract: the Ené&zgyle therefore refers to curtailment that is inszipla
from supply.

Historically, this type of offer has played an imfamt role, because of the existence of certatimgioptions

in regulated sales tariffs built on this principdeich as "peak day curtailment” rates or EJP or PEMates.
The abandonment of certain tariffs (blue EJP taifte 1998 and blue business tempo from 2004yedsas
the end of the yellow and green regulated saléfstan 1 January 2016, led to a marked reductiothe
volume of these curtailments, which is now belowe afigawatt, despite efforts made to promote the
development of this type of demand management engarticular, opening the TEMPO signal up to
competition in 2014. This downward trend shouldng®adirection and will be reversed in the comingrge
through the progressive deployment of the Linkyanéty 2021, which will enable energy suppliers fferp
based on the features offered by this meter, éiffiedeals based on times, days and seasons, imgltive
incorporation of moving peaks. This possibility affering differentiated deals is further reinforced the
integration in TURPE 5 of hourly / seasonal slatd aven, for certain voltage levels, a mobile peghkal as

is the case for business customers with mediunageltonnections.

Alternatively, the consumer’s supply is curtailémioigh the action of a curtailment operatitrat
offers a service that is separable from a supgbr.of

Recent years have also been marked by a growhie icutrtailment volumes activated by curtailmentrafies,

economic actors whose added value is to aggregdtaiment capacities at end customers (industeatiary
+

the aggregation allows for a proliferation of capas and economic optimisation at the hands objterators

who can thus develop innovative solutions to mieeteinergy and capacity needs of the electricaésyst

Different types of consumers and electrical usesrgrthese consumers can, in practice, be curtdied.
private homes ("diffuse” curtailment), curtailmeftelectricity consumption mainly affects electhieating,
domestic hot water, or the charging of an eleatehicle. For commercial, industrial or tertiary samers,
curtailment is achieved by interrupting a manufenwprocess, shutting down refrigeration systamigitiary
warehouses, or using a local means of electriciigyction (generator) in place of extraction frdra public
power grid.

The consumption curtailments estimation framework

In order to encourage the development of curtaitreapacity, France has undertaken an in-depthmeédr
its electricity market with the aim of opening upthe market mechanisms to curtailment, so thay tban
participate in the same way as the power generdilities.

Industrial curtailments (since 2003) and diffusetailments (since 2007) can be part of the adjustme
mechanism operated by RTE, which aims to ensumahbtime supply-demand balance and a secure grid
operation. In 2017, about 27GWh of curtailment wesvated on the adjustment mechanism, for an geera
capacity of 726MW deposited on the adjustment meisha

164



Curtailments can also be part of the various reseprocured by RTE for balancing the syStem

Participation in system services (so-called "priyhand "secondary" reserves) for sites connected to
the transmission network since the launch of areemygent on 1 July 2014. In 2017, the primary
;13@ . ?85 E +

Participation in rapid and complementary reserveses2011 with a gradual increase in opening,
which made it possible to reach curtailment cagagérticipation of up to 500MW in rapid and
complementary reserves in 2017 (50% of the rapgdrie).

Since 1 January 2014, curtailments can also beagget between market players in the energy mar&et v
the so-called "NEBEF" mechanism. Thus, for an elgtt supplier, the purchase of IMWh of electrcit
produced and 1MWh of curtailed electricity arecilyiequivalent. In 2017, nearly 40GWh of curtailmhevas
exchanged via this mechanism.

Finally, curtailments can participate in the capamechanism, which has been operational sinc@alsiary
2017.

In addition to these market mechanisms, the EnErggysition for Green Growth Act has also providedthe
possibility of calls to tender to develop Franaaisrent curtailment capacity, in order to meetdbgectives
set in the MAEP for the development of flexibilgieThe implementation of this system required therp

during which the Commission wanted competitiveeeré to be put in place to ensure the competitiss
the calls to tender and the proportionality of Hupport provided to the sector. The system was dthym
approved on 7 February 2018 for a period of sixgamtil 31 December 2023. This approval madessible
to secure the completion of annual calls for tenaaose volume targets for each year are recatémib

Objective trajectory Annual volume of Including Including category
(in MW) curtailment category >1MW <1MW
2018 2200 1900 300
2019 2500 2000 500
2020 2900 2100 800
2021 2000 1000 1000
2022 1800 500 1300
2023 2000 500 1500

Table 40: Target volumes for each call to tender

In total, for the year 2018, the volume of curtahmcapacity available to ensure supply securityndypeak
periods can be estimated at 2700MW. This corresptmébout 2000MW of certified curtailment capacity
plus about 700MW of curtailment performed by thppiers.

Current curtailment pool and outlook for developineithe sector

The figure of 2700MW of curtailment capacity exigfiin France is to be compared to the pool th& it
technically possible to develop and economicallpantant to establish. This achievable pool depeads

68 To ensure the success of its system balanke &8l to ensure its security, RTE ensures thabitides sufficient
flexibility reserves at all times, to balance giigections and extractions. Some of these rese(regsd and
complementary reserves) are mobilised through thesament mechanism. Each of these reserves iedutyg
contracts entered into by RTE and agents that aicktp make the capacities in question availabtegpective of
any request).
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several factors, including future changes in theeteicity mix, the costs of deploying the new cilinsent
capacity, and the value that the community is ngllito devote to support the development of thisviget

Since the previous MAEP exercise, several studigshshed in 2017 — were conducted to assessloweta
development prospects in France:

- The ADEMPB®

- The RTE studif, which, continuing the first works on the smaiitigrin 2015, proposed to establish
appropriate development targets for the differesttars of curtailment (diffuse, tertiary and
industrial) up to 2030.

This work lead to the following observations:

The value of the curtailments is largely capacélated (according to ADEME 95% of the revenues
of the sector are capacity- +

The continued diversification of the electricityxmiill reinforce the development opportunities lodt
sector.

In view of the results of the ADEME and RTE studidgee figure of 5GW of industrial and tertiary
curtailment capacities (including interruptible aajy) represents a high threshold: this amount,
according to ADEME, represents the upper rangehef économically achievable pool with a
remuneration of €60K / MW, and is confirmed by RTE'’s estimates for 26338Iso based on the
analyses of the transmission system operatoreaept, the economically relevant pool would beeclos
to 3GW. For diffuse curtailment, by 2030, the RT&dy envisages a potential:

300,000 households, large consumers, equippededath

Coordination of different uses — including heatingia communicating meters: with 7 million
households for the management of hot water, 5anilfor the management of electric vehicles
and 700,000 for heating.

In view of these elements, a diffuse curtailmerieptial of around 1.5GW by 2030 seems consistaribthl,
this is therefore a target of 6.5GW of curtailmeapacity — unchanged from the previous MAEP — 3820

It is proposed to adopt a smooth approach forréesition point for 2023 , lowering it at 4.5GWonder to
have an increase trajectory of the sector to thjsative by 2028.

This re-phasing in reaching the target envisage@®@8 — which does not call into question the thk the
sector will need to play in the long-term — carelzplained by:

An initially optimistic view of the need for new gacities by 2023, which, although not materialised,
did not justify the economic development of curtaht at the pace anticipated in the first MAEP

An issue of technical consolidation and enhancerottite reliability of the sector, which has led to
the elimination of a certain amount of capacitynierly offered by curtailment operators, on the $asi
that they did not meet legitimately expected réligistandard$®

An issue of changing the support framework for &@ilmrtent, in order to best meet the expectations of
the industry.

69 . Electrical curtailment in France — Evaluatidrcurtailment potential by process modulationnidustry and tertiary
in metropolitan France, ADEME, 2017.

70 . Smart grids: Economic, environmental and dizdeployment value, RTE, June 2017.
71 . Pool for the “high” scenario, with remuneratiof €60K / MW.

72 . See the conclusions of the above-mentioned &ty on the development outlook, for 2030, fatuistrial and
tertiary curtailment capacities.

73 . Presentation on consumption curtailments dutie CURTE market access commission, organise&¥ atanuary
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In electrical mixes with a large share of variatdeewable energies, different types of storageecessary
to ensure the supply-demand balance, for example:

In the very short-term, means capable of reactiagy \quickly, such as batteries, flywheels, or
supercapacitors, are useful to compensate forsipesirop in frequency, and even faster so that th

Short-term (day-to-day) means such as batteri&T&Ps, enable the evening peak to be managed,

)

Longer-term (weekly to inter-seasonal) means wékmit possible to mitigate, for example, several
days without wind or without sun. This is therefareeed for "long" storage means to which STEPs
can respond, as can other storage technologiesasuieidrogen, compressed air energy storage and
certain forms of thermal storage.

The needs in each of these types of storage aisically linked to the planned electricity mixrfmainland
France, but also to that of our European neighbours

By 2028, within the timeframe of the MAEP, with teepected penetration of renewable energies, thiire
be no additional storage needs to ensure the salgphand balance. The mainland electrical systerighih
integrated in the European electricity system,aglyehas enough resilience.

This will remain the case until 2035 in the Voldalampere scenarios presented by RTE in its forecast

In the Volt scenario (40% renewable energy and B6&tear in 2035, i.e. 55GW), the flexibilities on
consumption are sufficient to meet the flexibilitgeds of the electricity system. The charactesistic
of the system as envisaged by RTE do not predictsaibility of making a return on investments in
storage.

In the Ampere scenario (50% renewables and 46%eauplower in 2035, i.e. 48.5GW), the need for
new flexibilities is also low by 2035 and can likees be provided by curtailment. Storage remains a
less competitive solution for this timeframe.

RTE's analyses indicate, however, that this lackhedd for new flexibility depends on the contrdiab
capabilities installed in France, particularly reas

In a variant of the Ampere scenario ("Ampere +#i)which nuclear installations are replaced morédhajy
renewable energies and reach 38.5GW in 2035, additiflexibility is needed. RTE is considering the
following flexibilities: +3.5GW of curtailment, +2@& of new STEPs and +2GW of battery storage, based o
a process of cumulative flexibilities rather thampetition between them.

The development of renewable energies coupled tivigheventual decommissioning of the existing nuclea
installations may require new flexibility requirente beyond the MAEP to meet the supply-demand belan
of the electricity system. Given the time needelhtmch certain investments or to develop certaatass, it

is necessary to implement actions during the MAEP.

With regard to STEPs, the decisions on implemeritiege projects need to be brought forward, in \oéw
the duration of the procedures and the work torimertaken (nearly ten years) and insofar as thesisidns
must be incorporated into the concession awardepioes. A development potential of 1.5GW of STE®s h
already been identified and could be developedaatsqf the reopening of hydroelectric concessianbd
awarded before 2025. It would seem useful to dgviélio view of the expected daily and weekly neefithe
electric system from 2030 to 2035.

Moreover, in addition to hydrogen (partly addressed.3.3), several uses already suggest the dewelot
of battery storage by 2028, in connection withrdngidly observed decline in the cost of this tedbgy (see
graph below):
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5.3.7. Supply security issues in 2028

In its 2017 forecast report, RTE undertook a mépogcasting exercise, by presenting five elecirisitstem
scenarios with assumptions relating to productaamsumption, flexibility and interconnection meahy,
2035, with milestones at 2025 and 2030.

All scenarios show stagnation or decline in anml@ttricity consumption, even in the case of aifigant
development of electric mobility. Indeed, in alesarios, the downward effects of energy efficieegyal or
exceed the upward effects associated with transfieuse. This decrease makes it possible to release
term margins for manoeuvre in terms of supply securhe scenarios also show that it is possibladioieve
renewable electricity production in excess of 40#heut jeopardising the electrical system in 2035.

The recent closure of oil-fired power plants anal phospect of the closure of coal-fired power [Hdyt 2022
with a gradual increase in renewable energies riek2018-2020 period the tightest period in terfrgupply
security.

Figure 68: Evaluation of the impact of closing reanl plants and coal facilities on supply securBp(rce:
RTE)

From 2020, the simultaneous closure of coal-firedgr plants and nuclear plants within 40 years déedhd

to failure to meet the criteria, unless there issnge development of new means of production iarg short
time. The development of thermal means would geeegacenhouse gas emissions and the long-term
profitability of these means is not guaranteed thude development of renewable energies in Franden
Europe, which will continue beyond 2025.

More long-term, the nature of the risks to suppigusity changes with the development of renewabéeges:
episodes of strain can be less long-lasting andimaplve smaller volumes of energy, but can hapmpene
often and especially outside winter periods. Thisecasts confirm the need for the development of
flexibilities and interconnections to ensure loega supply security, benefitting from the prolificoa of
renewable energies at European level.

The scenario of the government take into accourthalconstraints and propose a calendar for coakep
plants and nuclear reactors closures in order &émaguee the security of supply.
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Around the world, nuclear reactors operate mosinoéit a constant power level for economic reasors:
more profitable to operate reactors at full povtemt not to use them because there is no econorinidrga
respect of the fuel when a reactor is shut dowlikeifiossil fuels.

Conversely, in France, nuclear plants were desigoedperate in load monitoring mode and to thus
continuously adjust the production of electricity Eonsumption. Today, the average load facton@fRrench
system is therefore relatively low when comparedtteer international references: it is in the ord2®o in
France while the facilities of the Exelon operatothe United States United has, for example, d faator of
90%. In addition to the technological and operatiahallenges that this load monitoring operatiorolves,
the French system has adjusted economically to ancperation.

With the increasing integration of renewable eresghuclear installations in the future will haseatapt to
new factors of variability, in a context in whichet concomitant growth of interconnections will make
possible to derive enhanced benefit from the flexdapacities of our European neighbours for our supply

security.
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Regarding the needs for nuclear-based power gémeraiie French nuclear system uses various types o
uranium-based nuclear fuels (UOx, MOx or ERU). ERich operates the entire French nuclear realeet, f
is responsible for the uranium security of supply..

The needs for uranium mainly depend on:

The evolution of the nuclear installations andtlopierating methods;
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The spent fuel recycling strategy, particularlyhwtite use of "MOX" fuel, which enables to reduce th
supply of natural uranium.

EDF's consumption for the French nuclear industpresents around 8 000 tons of natural uraniunyer,
about 13% of the world's consumption of around @2 @nnes (2016 data).

Global conventional resources are estimated aMf.@&nd represent a resource-to-production ratimofe
than 120 years at constant consumption. These nasoare well distributed geographically throughtbet
world, notably between Australia (1.8 MtU), Afri¢h.6 MtU), Central Asia (1.4 MtU), North America.{1
MtU). There is, therefore, a relatively low risksifortage, while the uranium market has remainededsed
since the Fukushima-Daiichi disaster, with a very hverage price of €22 per pound.

To bolster its supply security, EDF uses severadrie

The geographical and commercial diversificatiorsofirces of supply for each stage of the fuel
cycle (mining, conversion, enrichment and assembfnufacturing). This diversification is
particularly important in mining, as EDF is maigypplied by five countries (Niger, Kazakhstan,
Canada, Australia and Russia) from six differempipdiers;

Long-term contractual certainty for EDF: EDF's neéal each cycle stageare generally covered
for about ten years by its main suppliers;

Stock management: EDF retains significant stocksrahium over the entire nuclear fuel cycle
(mining, conversion, enrichment, new fuel, reatitet, reserve fuel). These stocks make it possible
to operate the reactors of the French nuclear fleet several years, thus responding to the risk of
supply disruption.

However, the supply of uranium is not the only &sfur supply security: the robustness of induspiatesses
for fuel fabrication and the storage capacitiegeissed with these activities can also be crititaleed, a long
disruption of some plants in the cycle, or the isditon of spent fuel storage capacities could keaal forced
temporary shutdown of some nuclear reactors imtinde country.
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Figure 69: Diagram of the main uses of biomassr&owDiagram taken from the National Biomass
Mobilisation Strategy.

5.5.1. Identification of resources

The National Biomass Mobilisation Strategy (NBMS$e@sses additional non-methanised biomass supply fo
non-food uses combined, by 2028, to be around 72{dsimpared to 2014), of which 36TWh is from forgstr
28TWh from agricultural resources and 7.8TWh froaste.
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2023 2028
Forest biomass 20.8 35.7
Crops (perennial and Intermediate Crops for 0.23 0.35
Energy Purposes) ' '
Non- G%rrlﬁgétgral Crop residues 22.9 25.4
methanised
biomass
Agroforestry 15 2.6
Waste (including end-of-life wood), by: 34 43
Waste and products, pruning, cutting : '
other
residues
Composting refuse 2.1 3.5

Table 41: Additional biomass supply (TWh) Non-meded biomass is in primary energy

The total supply of solid biomass, which cannotibed for methanisation, by 2028 is estimated aT2#1,

of which 120TWh will be forest biomass.

2016 2023 2028
Forest biomass 84 106 120
Crops (perennial and
. fotomen s ofiote Penms for Do 637 86 89
Agricultural Crop residues
Non- biomass P
methanised 75
biomass Agroforestry 27 28.5 29.5
Waste  (including  end-of-life
Waste andwood), by-products,  pruning, 5 8.4 9.3
other
residues Composting refuse 2.1 3.5

Table 42: Total biomass supply (TWh) Non-methanisechass is in primary energy

Regarding methanisable biomass, the National Bisrivambilisation Strategy evaluates the additionaipby
of methanisable biomass without destabilisatioatbér existing sectors at 30TWh, making total reses of

40TWh.

. For 2016, the figure of 63TWh includes crops (priynaerennial and intermediates for energy purposes
DGEC estimate based on Agreste data on foregestamg for energy purposes.
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2023 2028
. Crops erennial and Intermediate
Agricultural ~oPs (p._ ~ 2:3 24
biomass Crop residues 6.7 11.3
Methanised Green waste 1.2 1.9
biomass Waste and
other  by-|Sludge from STEPs 0.2 0.4
products
Waste and agri-food by-products 0.2 0.5
Effluents 7.8 13.3

Table 40b: Additional biomass supply in end-use@nélr'\Wh)

Recoverable wood resources that can be recoveredeaagy are estimated to be 2Mt of which 1.1Mt are
already recovered. This means an additional enszggurce of about 2TWh. Measures to increase the
mobilisation of biomass resources in accordande sustainable management practices, in order talsw@ie

the uses of biomass, linked with the national fievesod programme, will help support the developmat
wood for energy purposes. Finally, a wood wastewery initiative is currently underway within the
framework of the Strategic Committee for the Timbetustry.

The aim of the waste recovery policy is to re-usedvwaste in material form, instead of incineraiinghe
circular economy action plan above all encouragesading wood use, with several re-use and regyclin
cycles.

Support systems for energy recovery should thugigeedor the eligibility of recyclable wood wasterfonly
a minority of the supply of the installations, asdy when it is demonstrated that the waste cabagtused
or recycled (e.g. diseased wood, creosote wast¢, et

Non-recyclable wood waste should be eligible fgumart schemes as a matter of priority, without ymtaje
to the application of the regulations on classifiestallations for the protection of the environmérhe cost
impact of upstream processing of this waste orgssinig via energy recovery at the necessary sulgveit
is still to be studied.

If the potential resource is abundant, mobilisirig good economic and environmental condition$ retjuire

a progressive approach (e.g. the National Biomassbilldation Strategy — SNMB). The evaluation of
additional biomass supply available shows that@332 a large proportion of the additional needsikhbe
met from agricultural biomass, mainly through tlse of crop residues, intermediate crops for enguggoses
(CIVE), via agroforestry and, to a lesser extent,perennial crops. Achieving these SNMB objectives
therefore requires the development of suitablerunsénts to enable the mobilisation of this agrioait
biomass. Forestry should contribute only a smalpprtion of the resources.

A comparison of this supply with the additional derd identified at this stage shows that biogas siead be
covered by domestic resources, but that energysneetall (biofuels including air, heat and cogatien)

could not be covered without a some transitional afsbiomass imports. In the case of the uppeedtayy,

the need for non-methanised solid biomass could beenly half covered by domestic biomass, whiohla/
then require major transitional use of imports.
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most significantly (+25% between 2005 and 2016k Tarket share, or connection rate of buildingarto
R&R energy heat network in France, remains low (ath6% against a European average of 13% in the
residential and tertiary sector) compared to ottmemtries (Germany 13%, Austria 18% and Denmark and
Finland close to 50%).
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Figure 70: Energy mix of heat networks in 2016

Resources

Heat networks are effective in dense areas. Takaogunt of a minimum density of 4.5MWh delivered pe
linear metre for the network to be profitable, ®CU evaluates the potential of the heating nets/déok
delivering 11 times more than that in 2012. By corimg this data with renewable and recovered energy
resources, ADEME estimates that the maximum patewbuld be around 67TWh (i.e. 8.5 times more than
in 2012).

An analysis of the Regional Climate Air Energy Sules of the previous exercise shows that only tiegiens
have developed a quantitative objective for heatietyvorks. Future SRADDET exercises will need thnde
useful objectives in each region (or at PCET scaleis can be achieved by using the national mayppirthe
development potential of heat netwdfksr the SNCU study, which published maps of redipotential®.

Socio-economic, industrial and environmental issues
Yields

Heating networks can be used for the use of renlewaaid recovered energies with good energy effigien
The average yield of all the networks participatimghe annual heat network survey is about 85%. idw
networks are built, when plans permit, with a le@wvdl of water flow temperature, which allows a tietd
reduction in the losses compared to a high temperalstem. The drop in temperatures also makes#ible
to maximise integrations of possible low tempemgources (solar, geothermal, recovery, etc.).

Current and foreseeable costs

The costs of a heat network come largely from it engineering related to the length of burieggs. The
energy density indicator (or linear thermal defsityhich is expressed in MWh of energy deliveredrpetre

6 ynm 71 &l 1 11 1&
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of track (MWh / ml) per year, is one of the chaesistics of the viability of an R&R energy heatwetk. The
costs are very variable and depend on the typetefark financed. Based on the data from the Heat Float
supports the creation, densification and extenefoine network, it is estimated that the investmeost is
around €1000 / linear metfe

R&R energy heat networks enable the supply of caitingeenergy for users over the long-term. Théiits
of the selling prices of the heat delivered is kighs the share of renewable energies in the iged and the
energy mix is varied.

The characteristics of the sector in terms of eymlent

The heating networks generate an annual investafearound €280 million and employ around 1800 FTEs.
Local employment is promoted during the constructgupply, and day-to-day management of the network
(civil engineering, maintenance operation, mobii@aof engineers, technicians, workers, and sal@sie).
French engineering skills are widely recognised sought for export.

Densification, creation, extension and greeningiéss

To reach factor 5 set by law, it is necessary tatinoe the densification / extension / greeningexikting
networks, but also to create new heating netwdiks.heating network is often efficient. If it dasst emerge,
it is also due to the inertia of the systems ircela his is why conducting a feasibility study sldoenable
cities to become aware of the importance of heatetg/orks and to take action. Cities are the tavat units
responsible for the creation and operation of heaworks.

In addition to the creation / densification / exd@em of networks, the mobilisation of renewable astbvery
energies must be accelerated. The average R&Ryeretg on all the networks is currently 53% (valeab
from one year to another according to weather ¢mmdi). Biomass must continue to increase as veetha
recovery of waste energies, in particular heat vegofrom waste heat treatment units must conti@e
specific initiative will be carried out on the tenits still not connected to a heat network, whemjgatible
with the regional waste plan). Solar thermal mghiiion is also available to complement the eneryyah
virtuous heat networks.

The existing regulatory tool aims to impose thensigsion of a cost / benefit analysis in order tadgtthe

possible recovery of waste heat in a netwottkat has been in force since 1 January 2015. arradysis is

mandatory for any new installation of more thar26MW or for any substantial charfgeTwo cases are
involved: an industrial installation that must stufie possibility of recovering its waste heat mexisting

network or in a network being created, but alsmatallation of energy production in a network thaist first

study the possibility of recovering the waste Hean existing industrial facilities nearby, befasiing its

power. It is necessary to reap the fruits of thgutation.

Furthermore, it is necessary to maximise the R&&@nratio of planned and existing heat networkhauit
jeopardising competitiveness for the end user. Reaewable Energy Directive currently being reviewed
provides for the option of increasing the averagsvork R&R energy rate by at least one point pear yeom
2020 for all Member States where the rate is yeeéwh 60%. Over the last ten years, the averageorie
R&R energy rate has increased by 25 points (i.eavemnage of 2.5 points per year), but the challesde
continue growth between 2020 and 2030. It is tleeesproposed to set an indicative target rate &b 69
R&R energy in networks in 2023 (national averagen 65% by 2030, combined with the objective rmte

of housing equivalent connections.

Ensuring the integration of R&R energy in territ@rpolicies and plans

The integration of R&R energy should also take @las close as possible to the projects and cowdddyeted
to the scale of the Local Development Plan. Inaldiat local level, specific action could be talte promote

80 Markets and jobs related to energy efficacyra@mgéwables — ADEME — April 2016.
81 . https://www.legifrance.gouv.fr/affichTexte.@®PTexte=JORFTEXT000029920606&categorieLien=id
82 . Change leasing to a cost of at least 50%entdist of a new unit.
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network ranking?, for example based on the winners of eco-netvaisklk. This label is based on three criteria:
a minimum R&R energy of 50%, competitiveness, dreddstablishment of a consultation. The produation
“all energies” master plans is also to be develdmsdtematised.

To encourage local acceptance of projects andrinfaers, the creation of consultation committedsdren
councils, operators, subscribers and users mushdmuraged. Social landlords should also be engedrt
develop R&R energy and anti-fuel poverty targets.

There are several network cold production technekg

Cold compression units with caloric evacuation esothermics (this technology can be considered to
be the benchmark solution and is not counted int E %V% +

Free cooling and geo-cooling (technologies thatthsenatural temperature of water or of the subsoil

+ . @ ., @ " +

Waste heat recovery technologies such as the alwsorpachine or the heat pump in a thermo-frigo-
pump assembly that allows the simultaneous prooluctf heat and cold.

In 2016, cold deliveries from cold networks amoulrtie 900GWEF:. The production of cold networks is 94%
based on cold compression units. Some networksatgen "free cooling" and some water loop projects
funded by the Heat Fund’s "New Emerging Technolsgaall for projects are being put into operatiSome
technologies are already eligible for renewablergn@inder the European Directive 2009/28 / EC: free
cooling. The ongoing revision of this Directive piaes for the definition of criteria to identifytgr renewable
technologies for the production of cold.

At French level, the Energy Transition for Greeowih Act sets the goal of a five-fold increasehia amount

of renewable and recovered heat and cold in thdsdy 2030. That is why from 2018, the Heat Fund is
supporting technologies considered as renewableeanmdery technologies at national level, withoaitimg

for the definition at European level. It is forghlieason that this MAEP sets an indicative taethie delivery

of renewable and recovery cold (see below). Aquifeait storage technology could also be developssl (s
chapter on low and medium geothermal energy) ansupeorted in research programmes and via the Heat
Fund’'s New Emerging Technologies call for projedtse challenge for cold networks is to develop a co
production of heat in winter and cold in summeling the thermal storage aquifer.

Heat networks have fewer impacts on the environnfepart from the issues specific to supply chains
depending on the energy mix). They make it posshéentralise the production of energy and to fiefnem
better energy and environmental performance. Thigdpecially true for the use of solid biomass. In
environmental terms, heat networks supplied maiylyrenewable and recovered energies allow very low
levels of CQ emissions (50 to 100gGOkWh for a biomass network) compared to individoasil solutions

or networks powered by fossil fuels (greater thadgCQ / kWh).

Cooling networks have a positive impact on the mmrnent as a means of replacing individual coldiggs.
They enable the amount of coolants to be reducebwater vector technologies (aquifers, surfacewéiee
cooling) also offer an alternative to the challengdeat islands in urban areas. Cold networks laavery
low environmental impact (around 16g&(kWh)

83 . The ranking of a heating or cooling networlaiprocedure that enables a community to make itdatary to
connect to the existing or planned network in éeréaeas for new building installations.

84 Source: Heat networks survey, 2016

85 Energy and environmental efficiency is fivaea times more efficient than conventional elecaifcconditioning —
Source: RAEE and IEE Work Package, 2006.
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Figure 71: R&R energy heat delivery by networks

5.6.2. The liquid fuels network

The logistics network consists of depots of impmrpetroleum products, located as close as posible
refineries or ports, crude oil or finished producensport pipelines, intermediate depots befaval filelivery
to consumers through the network of service stati&@ach level of infrastructure is an indispenséhlefor
ensuring that the territory is well supplied. A degse in consumption will make it unprofitable taintain
the entire network and, in particular, the interratzidepots.

Pipelines are the only infrastructures dedicateddss transportation of petroleum products. Theyaed to
convey products from import and production areaotesumption sites. The amounts of crude olil trarisd

in the two main pipelines are rising (3.5%). Comedy, the transportation of finished goods decliskghtly

to 34.2Mt (-0.7%).

Pipeline systems are the predominant means ofgoataion for moving products out of refineries amgort
depots as they allow for mass, safe transportation.
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The French natural gas transmission network is tesatbve gas from import points at the bordergétsrial
interconnections with other European countries,gjasline from the Norwegian Sea and LNG termintds)
delivery points distributed in the national terntddistribution networks and large industrial @raers) or
underground storage sites.

It is operated by two operators:

GRTgaz: 75% subsidiary of Engie and 25% of Soadtérastructures Gaziéres (public consortium
consisting of CNP Assurances, CDC Infrastructunes@aisse des Dépots et Consignations) operating
7498km of primary network and 24,916km of regiometiwork.

Teréga: Owned by the Italian operator Snam (40.H96)State Fund of Singapore GIC (31.5%), EDF
(18%) and Predica (10%), it operates 1155km of @rynmetwork and 3985km of regional network.

The gas transmission networks are regulated b¥teegy Regulatory Commission (CRE). The most recent
rate for the use of transmission networks, "ATRT&me into effect on 1 April 2017. It was desighede
applied over four years and is updated on 1 Agrdazh year.

In recent years, the French natural gas transmisstwvork has been upgraded to facilitate the mevet rof
natural gas within it, to limit the risks of congjes, to streamline trade between the South andNtréh of
France, that allowed, the 2018, Novemb&rté merge the markets. The upgrades include:

The creation of the Arc de Dierrey by GRTgaz (DN0Q2308km), which benefitted from the status
of project of common interest (PIC) with the invasnt of €1.185 billion, between Cuvilly and
Voisines (Yonne). This project was commissionedabe 2015. It transports gas from Norway, the
Netherlands, Great Britain and LNG terminals onAHantic and North Sea to the East and South.

The Val-de-Sabne infrastructure project sponsoye@RTgaz (DN 1200, 190km) benefit of the status
of PIC, with the investment of €744M, consists afaubling of the Burgundy Artery between Etrez
(Ain) and Voisines (Haute-Marne). Commissioningébeduled for 1 November 2018.

The Gascony-Midi project sponsored by Teréga (DB, 80km): This project, which has the status of
a PIC, involves a partial doubling of the Gascongrg between Lussagnet (Landes) and Barran
(Gers), that began in 2018. Teréga is also upggettie Barbaira compressor station (Aude), with an
estimated budget of €152 million.

Investments have also been made to facilitate exygsaof natural gas between France and neighbouring
countries, in order to promote the internal mafketatural gas. Since the publication in 1998 akEtive
98/30 / EC on common rules for the internal mariketnatural gas, capacity for gas exchange via gas
interconnections between France and neighbourinotdes has increased by almost 50% in input and
multiplied by five in output:

The capacities of the Larrau and Biriatou interation points have been progressively upgraded,
enabling the firm capacities from France to Spaibhé increased from 70 to 165GWh / day. At the
same time, 225GWh / day in firm capacity has beeated in the South-

The 2001 commissioning of the Oltingue Interconioecpoint led to the supply of 220GWh / day of
,

Upgrades to the Obergailbach interconnection leahtmcrease in 2009 in the firm capacity between
& 011 8:1&@ $

The new Alveringem interconnection point enableel theation of 270GWh / day of firm capacity
from France to Belgium in 2015.

France is part of the North-South Gas Interconnadiiorridor in Western Europe, one of four transepean
energy infrastructure corridors identified as pgsparticular challenges for the further diversifica of
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supply routes and improvements in the short-terpacidy of gas delivery. France is continuing witle t
technical, economic and administrative analysigrofects under this framework, in particular:

The MidCat and South Transit East Pyrenees (STERqis, involving the construction of a new gas

pipeline between France and Spain in the eastaenBgs, as well as various levels of enhancements

in the French network. These projects are includdbe list of projects of common interest adopted

by the European Commission on 23 November 20lfhegscontribute to the achievement of Europe's
9

The project for the creation of output capacitysErmany on the Obergailbach interconnection.

These analyses seek to evaluate the significanmejcts in respect of their costs and therefordarify the
decision to go ahead with or abandon these projé&itgen the expectation of a decline in natural gas
consumption, new gas infrastructures should bedadoas there will be insufficient time to allowedurn on
investments. Special care is taken to ensure lileashiare of financing borne by natural gas conssichees

not exceed the benefits they would derive from ivgvastructures. In addition, the possible completof
new gas infrastructure projects is envisaged antheé context of meeting optimal environmental ¢oous,

in accordance with the provisions of the Environtn@ode and under the procedures defined by the law,
particularly as regards public consultation.

Figure 73: Gas infrastructures
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The natural gas service to domestic, tertiary aalemdustrial consumers, downstream of the trassion
network, is provided via distribution networks.

Natural gas distribution networks are owned by llauathorities. They are operated through concession
contracts linking operators to local authorities GRDF (100% subsidiary of Engie), which distritsiggound
96% of the market, 23 local distribution comparfiesstly located in the South-West and in the Eastyyell

as a few other licensed companies.

They serve more than 9500 French municipalitiesldrdillion customers (including almost all munialities
with more than 10,000 inhabitants). This represgrdsover a quarter of the 36,000 French munitipal
but provides 77% of the French population with asde natural gas.

The 27,000 municipalities not supplied with gasaptave several options for accessing this typmefgy:

The extension of the existing natural gas netwaitk the development of a distribution network by
the operator of their choice, following selectibnaugh a call for applications, subject to apprdmal
3

The development of isolated natural gas networksesl by LNG delivered by trucks (transported
LNG), subject to the establishment of a suitabtgilaory framework.

The issues facing good management of the distabutetworks require progress on:

Good knowledge of the networks: their capacity,irtt@eration, the development of remote
monitoring applications, remote-operation and thik r

The incorporation of renewable gas in increasingntjties, by removing the brakes on the capacity
limits of the networks.

The development of biomethane injection projecty meed to increase the flexibility of the distriiomt
networks. Indeed, the amount of biomethane thabeainjected into a distribution network is limitbg the

gas consumption on the network. Upgrades to gasonkes, particularly to allow the implementation of
backward flows from the distribution network to ttransmission network, may be necessary to prevent
biomethane production projects located near anirgiaetwork being blocked due to lack of capasitie

Article L. 453-7 of the Energy Code sets a goalkalfing out smart meters for natural gas consumers.
Historically, this type of meter was deployed oatysites with high consumption, including industsides.

By a decision dated 23 September 2014, the Mingdt&rcology, Sustainable Development and Energy and
the Minister of Economy, Industry and Digital Affaiapproved the deployment of the Gazpar smartrrogte
GRDF, which operates 95% of the natural gas digfiobh network. A technical-economic study showeat th
the present net value of the project was positivbalevel of the local authority, after takingcaant of the
earnings outlook for natural gas consumers assatigith management of the energy demand inducékeby
smart meter. After a test phase, GRDF initiatedatfteespread deployment of Gazpar meters on 1 May 20
The roll-out of this operation, which affects 11llimh meters, is scheduled through to 2022. Atehe of
october 2018, around 2.2 million Gazpar meters westalled, in line with the objectives.

The Gazpar meter enables the natural gas consonter billed based on actual consumption, thanks to
technique of remote transmission of the indexe& pitocedures for changing supplies are simplified a
result. Consumers can use information made avaitabthem about their consumption so that theyacamo
manage the energy they consume.
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very largely centralised, consisting of large poplants connected to the transmission grid, andceieding”

towards consumers via the distribution networkptoduction that is increasingly diffuse and closer
consumption: for several years, most new energgiymtion facilities have been renewable and condetcte
the distribution network.

At the end of the first quarter of 2018, 382,006durction sites were connected to the distributietwork
managed by Enedis. The vast majority of these artedow power photovoltaics. For its part, windveo,
although provided by a limited number of sites @ 1500), makes a predominant power contribution,
11.9GW compared to 6.9GW solar photovoltaics, total of 21.4GW of connected renewable energies.

The different types of renewable electric energyehgery different characteristics, which have Jalea
impacts on the distribution and transmission nek&oln addition to differences in plant size, diffieces in
energy sources include production profiles (sedsalady, hourly production variability), predictaity, or
the possibility of modulating producti$h Finally, the wave qualities or the voltage pm®fibf these
productions must be taken into account for effecgxid operation.

The large-scale integration of renewable energiad, the development of new uses of electricity sagh
electric vehicles, require the adaptation of thecteical system and the development of flexibilégd
adjustment solutions, which most often involve reks.

The operation of electricity transmission and disttion networks are regulated public services.

The public electricity transmission grid, which das compared to "electricity highways", consistalbthe
lines operated at a voltage greater than 50,000%aimland metropolitan France. It comprises 106600f
high and very high voltage power lines (HVB) and@%ubstations. RTE, a public limited companyhis t
sole operator and owner.

More than 90% of current French electricity produtis injected into the transmission grid, burity serves
a few hundred end consumers directly, most of whirehlarge industrial consumers.

These are public electricity distribution gridsnsisting of medium voltage structures (HVA, betwé8a0V
and 50,000V) and low voltage structures (LV, ld@nt1000V) connected to the transmission grid.

The public distribution of electricity takes platteough local concessions. The authorities respimgor
electricity distribution (AODE), also called licang authorities, are local authorities that owndgri
(municipalities, most often grouped into departmakmnergy unions, urban communities or metropolitan
areas). Enedis, a subsidiary of the EDF group, lwbavers 95% of the metropolitan area, today hoidee
than 600 concessions. Enedis operates 1.35 miliiometres of lines, 778,500 distribution points/ LV)

and 2700 source stations (HVB / HVA, providing ihterface between the transmission and distribugraifs).

It serves 36 million consumers. 5% of the metrdpoliarea is served by 150 local distribution congsan
(LDCs) depending on the local authorities.

The main tasks of the public electricity grid ogera are grid operation (troubleshooting, runnind eontrol
of the network, connection of new consumers or peceds), calculating the energy quantities injeated
extracted, and upgrading infrastructures to enthag are maintained in operational conditions.

RTE, the transmission system operator, is also jarnpdayer in the management of the electricityteys
particularly through the management of real-timgpdytand demand balancing mechanisms.

Public power grid use tariffs (TURPE)

Both electricity transmission and distribution gméblic services whose tariffs are regulated andhgahe
Energy Regulatory Commission in four-year periddeese tariffs for the use of public power grids FRE),
which, on average, represent a little less thantloing of consumers bills (incl. taxes), cover theestment
and operating costs of the grid operators RTE amets. In particular, the tariff levels are setdshen the

6* ! & &
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investment forecasts of the network operators,ssto aystematically guarantee them sufficient recasito
maintain or improve the infrastructures for whidtey are responsible. The tariffs are accompanied by
incentive regulation mechanisms, in particularioaeirage grid operators to control their costsmurove the
guality of their supply.

For local distribution companies (LDC) and for netlw operators in non-interconnected zones (NIZ),
revenues are adjusted to actual costs incurredghrthe Electricity Equalisation Fund.

The TURPE is set based on the tariff equalisationciple (identical tariff throughout the countrgind on the
"postage stamp" principle (pricing is independdrthe distance covered by the electricity).

The fifth TURPE tariff period, "TURPE 5", came irftrce on 1 August 2017 and allows changes toati t
structure as part of the energy transition ande&iip regulation for the deployment of smart met@rhese
tariffs include the introduction of a mobile pegkion for medium voltage. From 2017, the Energy iatpry

Commission began a consultation process to prepanevision of tariffs in 2020 for better consiakeon of

the specifics of self-consumption and other nevguse

Since November 2017, small renewable energy gaoeffaicilities have benefitted from the TURPE cangr
part of the cost of connection to public electyidilistribution grids. This tariff reduction — of up 40%,
depending on the capacity of the installation Hifates the connection of facilities that do nengrally have
any choice about their location (particularly phatibaic panels on roofs).

Investment planning tools

Power grids are long- - in
advance. This is especially true for the transmissgjrid, which has an investment timescale of adoiem
years. Planning is all the more complex as it seba several documents, drawn up both at natiamél a
European level.

The 39 Internal Market Package, adopted by the Membee$taf the European Union in 2009, introduced a
coordinated approach to planning transmissionigriestments: every two years, the Association sbgean
Network Operators (ENTSO-E) has to publish eveluaopean ten-year plan for the development of the
European electricity transmission grid (TYNB)P Nationally, each transmission grid operator dray its
ten-year grid development scheme (SDDR), which inesionsistent with the plan established by the &0

E. It is based on existing supply and demand andeasonable medium-term assumptions of changes in
electricity generation, consumption and cross-borded trade. It mentions the main transmission
infrastructures to be constructed or significanttydified over the ten-year period, lists the inwets already
decided as well as the new investments to be matienthree years, with a timetable of all the istraent
projects. Each year, the ten-year plan is updateldsabmitted for consideration by the Energy Regua
Commission, which may require changes.

Major investment guidelines

The transmission grid currently faces a numberesfds. The consumption stabilisation observed tabme
level masks significant disparities between regiosably related

of renewable energies is also highly variable lgcah particular in respect of weather patterngeT
development of more diffuse generation facilitiesnnected to the distribution grids, is globallgdéng to
f)

back-up and solidarity between the territoriespamticular through an expected reinforcement ofvilan
very high voltage lines, up to 400,000V. The traission network must also deal with the hazardsltiagu
from the multiplication of more volatile instantanes power fluctuations, in France and in Europecivban
be linked to consumption (in particular in cold wes) but also to production.

6 TenU ' 2 http://tyndp.entsoe.eu/
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To respond to these developments, in the comingdieaetwork investments are estimated at an av@fag
€1.5 billion per year, of which €1 billion will gto the development of the grid and €400 milliongtad
equipment upgrades, according to RTE.

Figure 74: Distribution of investments in the tramssion grid, by purpose (2017-2020). (Source: RTE)

RTE, in its latest ten-year plan, anticipates teedto create and upgrade about 2000km of strigctarehe
coming decade. These investments will include tieaton of 4GW of additional offshore wind geneati
capacity and 10GW of additional interconnectionacaty.

RTE also contributes to the development of solstitbrat make it possible to limit infrastructureesiments
wherever possible, through improvements in digitdlitions to optimise electricity flows, participat in the
implementation of contractual or market solutionghs as the "Flow Based" mechanism for increasing
exchange capacity at the borders, or the behaviobaage incentive.

Continuing the development of interconnections

The French public power transmission grid is cuiyemterconnected with six countries (Great Britai
Belgium, Germany, Italy, Spain and Switzerland)resfollowing figure illustrates.

Figure 75: Interconnection capacities in 2017
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In 2017, France's total interconnection capacity Wa4GW in exports and 12.5GW in imports, repriisgn
an interconnection rate of around 11.4%. The c#pacactually used on average are lower (around 8 t
10GW), because of the characteristics of the interection lines, their availability and the intdroanstraints
on the power grids of each country.

The construction of cross-border interconnectiasshistorically been a response to a supply sgaatibnale
and the use for export of French electricity prdoiurc surpluses, especially at night and in summer.
Interconnections also offer the possibility of imiag electricity from a neighbouring country iretevent of

a strain on domestic supply, which is an econonyiaficient solution at European level, especiallyring
peak consumption.

Interconnections lead to a proliferation of geo@real hazards between countries, but which carddesssed
more efficiently as the specifics of each counteguce the correlations of hazards and mitigate the
consequences of the occurrence of national tensitressdominant hazard in France today is, andreitiain
over the MAEP period, the thermo-

renewable energies is today dominant in countritstive greatest penetration rate of these renenatdrgies

. & + /

a major generation role (Norway, Switzerland, Pgaity Interconnections prevent France from invesim
additional capacity to ensure its supply security.

Cross-border exchanges make it possible to haacitegs available abroad. Following the commissigrof
the interconnection between Baixas and Santa Ldo@@pain), a new interconnection with Italy (Savoie
Piedmont line) will be commissioned in 2019/202@h& projects are under construction with England o
being studied with Germany, Belgium, Ireland andt&vland (see list below).

Country — Project Contracting o
. : . Progress Commissioning
(nominal capacity) authority
Vigy . Study phase — Increase of By 2021 then
Uchtelfangen RTE & Amprion existing capacity 2030
Germany hlbach Study ph f
Muhlbach  ore o Amprion| StUdy phase —Increase gf - g, 55
Eichstetten existing capacity
Lonny Gramme¢ RTE & Elia Study phase — Increase of By 2025
existing capacity
Belgium Avelin Study phase — Increase of
Mastaing— | RTE & Elia y phase —ncr By 2022
existing capacity
Horta
: Gascogne .
Spain (2GW) RTE Consultation phase By 2025
Ireland Celtic (0.7GW RTE Start of procedure By 2025
SavoiePiémon .
Italy (1GW) RTE Work in progress 2019-2020
Genlsslat RTE & Swissgrid Study _ph_ase - Increase of By 2023
_ Verbois existing capacity
Switzerland . r— "
Cornier RTE & Swissgridl Study phase —Increase g By 2025
Chavalon existing capacity
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Country — Project Contracting L
: i . Progress Commissioning
(nominal capacity) authority
IFA2 (1GW) RTE 8érl\il(?t|onal Work in progress 2020
Eleclink (1GW Eleclink Work in progress 2021
United FAB (L.4GW)| RTE & Fablink| ~ Procedure currently By 2022
Kingdom suspended
Aquind (2GW) Aquind Ltd Start of procedure By 2022
Eleclink
(1.AGW) Elan Energy Ltg Start of procedure By 2022
Table 45: Electricity interconnection projects wkhance DGEC, 2018
Finally,

allows neighbouring countries to access electratityhe lowest cost by taking advantage of the ¢ementary
nature of their production mix.

The ten-year development plan for the power trassiom grid drawn up by RTE in 2016 estimates that t
increase in interconnection capacity being studigalanned for commissioning by 2030 will be abbdGW.
These figures are consistent with the scenaritiseso017 RTE forecast report: two of them assuniengort
capacity of 27GW and an export capacity of 33G\Wrtsure the system's balance by 2035.

Given the flexibility challenges of the French afaropean electricity system, it seems essentiebidinue
work on the development of the interconnectiongtified in RTE's ten-year grid development plangdda
study the opportunity for developing new intercartizns in light of a cost-benefit and project adabgity
analysis.

Major investment guidelines

The development of renewable energies and newrieigcuses, including electric vehicles, requinatt the
structure and management of low and medium voltigteébution grids be rethought.

Distribution grids were initially designed exclusly as top-down structures, i.e. to route eledyritd the
consumption areas. Nowadays, they accommodatemaastenewable energy installations, which involved
the need for modernisation procedures to facilitiaéetwo-way operation of the grids.

Moreover, the development of decentralised prodacgspecially in low consumption areas, may reghie
creation or enhancement of network structuresisrespect, the location of decentralised germrdéicilities
and the size of the installations in relation te g¢nid’'s reception capacities are decisive in tesfionnection
costs.

Regarding the integration of electric vehicles,itivestments depend in particular on the natutbeinstalled
terminals (fast or slow recharging), which creat&eror less constraints on the grid.

After a period of lower investment in the renewhhetworks, resulting in particular in an overajeang of

the infrastructure and degradation of the averageoff time, several years ago Enedis entered a new
investment cycle. Projected investment amounts uthéeEnedis TURPE 5 (not including the deploynegnt
the Linky meter, under a separate investment fraonewfor 2018 are €3.255 billion, up 2.5% on 2017
(€3.175Bn).
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Local authorities, licensing authorities and gnaners also invest between €800 and €900 millio gaar
in distribution grids, thanks in particular to tihesources provided by the TCCFE (end-use elegtricit
consumption tax) and the local authority rural glécation support fund (CAS Facé).

Over the 2018-2023 period, investment needs irtradéyg distribution grids will continue to growptcontinue
the upgrading of existing networks and to adaptdw sources of production and consumption presented
above.

The priority programmes include ensuring the ségund reliability of substations in dense urbaeast
extending the service life of overhead medium \gatdines in rural areas and the renewal of dilapidia
underground cables in metropolitan areas. Invedsnerich have historically focused on medium vgdta
(MV), which constitutes the "backbone" of the dtmition network, must also be developed on thetetadt
equipment of distribution stations and the low &gt (LV) network located in France. downstreamheké
stations, which serves the bulk of consumers, dieioto stop ageing.

Investment planning and governance at nationallleve

In view of this growth in investments in the dibtrtion grid and the strategic nature of the latberthe
integration of renewable energies and the developofenew electrical uses, effective coordinatiod alear
governance are essential in the coming years fod govestment management.

Indeed, while investments in distribution grids atidl driven by the particularities of local sitiens (the
emergence of grid constraints due to the developrmkEronsumption or production, cable ageing, etc.)
governance at national level must make it posstbémsure that investments are consistent andguasantee
territorial balance.

The NOME law in 2010 established the Departmentaif€ences, annual meetings under the aegis of the
prefects to present the investment programmeseofliffierent public power distribution grid staketiets,
distribution grid operators and organising autlesiin each department.

The "Public Electricity Distribution System Comneit' (EPCED), created by the Energy Transition fire@
Growth Act, started operations in 2017. It is rasgble for reviewing the investment policy of Eredind
those of the authorities organising electricitytrilisition (AODE) and local electricity distributiasompanies,
relying in particular on the summaries of the wofkkhe Departmental Conferences to ensure cooidmat
between national policies and investments, andsess their relevance. Improving the visibilitytlod full
range of investments and of the detailed reporthendistribution grids at local level is a key iedor this
coordination role and for the formulation of proglssfor guidelines on investment policies.

Changes being implemented at European level

The 3¢ Internal Market Package, adopted by the EU Mengtates in 2009, set up a number of tools to
facilitate the construction of Electric Europepibvides for the development of "network codes"jclvkaim

to harmonise European practices in the field ofvoéts, in order to improve electrical safety inantext of
rapid development of renewable energies. Thesesomdee all approved in late 2016, and will be irdbed
into the French regulatory framework. Three of ¢haestwork codes are intended to harmonise the iadhn
requirements for the connection, respectively,rofipction and consumption facilities and very higltage
direct current lines. These elements also aimmiproved integration of renewable energies intcoiberation

of the electricity system through a connection &eldjo electricity grids.

The construction of the electrical system of tomarr

At national level, the evolution of the means aigurction in the electrical system will not leadvew technical
constraints over the life of the MAEP. In the longgrm, many questions will arise about the potdraf
renewable energies to ensure the stability of ibetricity system. Regardless of the scenario astbpeyond
this programme, changes in the electricity mix Ww#l based on a reduction of thermal means corttelkt
French and European level to be replaced by rerlevetergies, including wind and photovoltaics. Ehes
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by grid operators by 2030 are economically reléfantith net benefits expected to be around €400anill
per year for the community, with a particularly pies impact resulting from the development of atpe and
from curtailment of industrial and "large tertiagttors.

It should be noted that the economic benefits ofhynsmart grid technologies are closely linked te th
regulatory framework and its ability to provideegonomic translation of the services actually reedi¢o the
electricity system.

Considerable technical challenges
The main technical issues in the field of smangdre:

- The storage of electricity can meet very varieddsda contributing to the efficient operation oéth
system: storage of power to meet almost instanteeeeds of balancing, intra-day storage intended
to smooth a consumption or production load curvdpger-term storage of up to a few months to
adapt to differences in production and consumptitterns on a seasonal scale. Multiple technologies
are available (batteries, hydrogen, flywheels, pstagions, etc.) and the developments must continue
to find the technical / economic optimums.

- The management of electric vehicle charging remtssg major challenge in reducing the impact on
grids and management of the supply- = -to-Grid (VtG) solutions will be used to
inject electricity stored in vehicle batteries i@ grid.

- Many smart grid components rely on the developroésbftware and telecommunications solutions
to obtain real-time information on the state of ¢hiel and its constraints, for efficient processaig
the data produced and remote action on the diffgramts of the grid, in an economically efficierdyw
and so as to avoid cybersecurity vulnerabilities.

Smart grid solutions require the involvement of sn&ypes of actors: technical equipment supplierstie
grid or for metering, energy solution integrata@sftware solution or aggregation service providerigcom
operators, car manufacturers, etc. Raising the eavas of each actor’'s category to the operatiods an
constraints of others — to enable the optimal dgaknt of these solutions — is a major challenge.

Encouraging the development of smart grids

The development of smart grids in recent yearsbeas structured around the implementation of theats
grids" plan, published in 2014 as part of the Naduistrial France. This plan aims to consolidateRtench
electricity and IT sectors in new high-growth aabd-greating markets. Public support played a @iiticle to
enable innovation and development of the smarsgadutions.

Many experiments have been launched in Franceef@ral years. As part of the future investment ogne
operated by ADEME, more than €120M in funds sing@&1?have led to the to about 20 demonstrators being
implemented. These demonstrators promote the grgupf actors with complementary expertise (grid
operators, manufacturers, SMEs / SMIs, start-igimrhatories, local authorities, etc.), which agebs the
development of new technologies and new busineseisioSmart grid solutions tested in real-life abods
involved the inclusion of renewable energies igyrithe development of technological componentshier
modernisation of grid operation and energy demaadagement.

Research is also encouraged, for example with theei&rid Institute for Energy Transition (ITE), a
collaborative research platform that brings togethe skills of industry and public research irudlg-private
joint investment arrangement. The programme aindetelop new technologies for power transmissiahsgr
including high-voltage direct current (HVDC). Su@eid receives public financial support (State amchl
authorities) of more than €80 million.

All of these provisions aim to promote the develepirof the sector in order to benefit as quicklyassible
from smart grid technologies, in France but alserimationally.

88 See in particular,“Socio-economic benefit obsthgrids”, ADEef, Ademe, Enedis, RTE, July 201 hjet can be
downloaded from http://www.enedis.fr/la-valorisatieconomique-des-smart-grids
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Indeed, the economic significance of smart gridutsohs depends largely on the local context: reigua
framework, intermittent energy penetration ratectilcity price, level of grid interconnection witbreign
countries, etc.

At institutional level, France is also very activeEuropean and international bodies addressingtsynial
themes, for example within the working groups & thiternational Energy Agency or the Mission Inrtava
initiative, set up during COP 21 in Paris. The ds&gions in these forums make it possible to levethg
expertise developed in France and to benefit flmarepertise of other countries.

Data: The key issue

The deployment of smart grid technologies is mamsible by, and is accompanied by, the productionave
and more data on the state of the grid, on consammind production, at increasingly fine-grained
geographical scales and time intervals. These @aa up new possibilities for the energy transitibrthe
level of local governance of grids, especiallytsnmulti-fluid planning dimension (electricity balso gas and
heat networks).

For consumers, understanding and interpreting smetér data, which is more accurate and easily
available, can support action to control energyscomption.

In terms of grid operation, the data make it pdedib refine knowledge about constraints on thd gri
and thus to use the infrastructures at their mairoapacity and optimise investments.

Internet tools are being rolled out to enable miogevelopers to measure the grid impact of theecton of

breakthrough.

Moreover, more and more data on annual consumptitina fine-grained geographical grid — maintaining
data confidentiality where necessary — or on leco@sumption profiles are made available to everyhmd
“open data” portals. They facilitate the developtaocal public energy transition policies andlwhable
the effectiveness of these policies to be monitaredievaluated.

Given the proliferation of data that will be progaiby smart grids, discussions between stakehoklgopliers
and data users must continue, to lead to data ganee that is satisfactory for everyone and aséneice of
the energy transition. This means that there idl figeclarity about data ownership and possibles udelata.

The smart meter: A major asset

The deployment of smart meters began on 1 Dece2@liér and will continue until 2021. More than 10lioil
meters have already been installed.

The investment of about €5 billion is supporteditsgribution system operators through the TURPE -
out involves a first capital-intensive phase atdtaat of the project (from 2014 to 2021), followmsda second
phase of ROI. The business model of the meted@bead over its 20-year service life, i.e. the gaifiset the
costs of deployment, thus entailing a neutral ltarga effect.

The smart meter offers two key innovations ovest@xgy meters:

A much more fine-grained measure of consumptioniafamation on the quality of the electricity

Two-way communication: it can send information argteive instructions using powerline
communication technology.

The smart meter plays a fundamental role in gridlenoisation by making it possible for grid operatty
significantly increase the observability of the lealtage grid, in particular by more fine-grainedmitoring
of the level of voltage on the low voltage netwoals, well as faster detection of consumption faattd
anomalies.

The meter promotes the emergence of consumer taeingces, which it will support. It also suppotie
deployment of new pricing mechanisms, for great@ndparency on the costs of the electricity systaem

199



19%2 +

*# )
*
|
%
+ )
3
*
050. $9% 2
| ' & = <2&6
!
* | -
*
' *
0 ; 2
" 41?03$A0 $9
>
N
* | >
- (
- # " 4 .+ 411A%4; $
- ) &+
.- L<'&++
- <- <2&+*N
9 41?70$A0 44 F 4170
3
*  417:
*
!
* |
<'&

200




development linked to use as a marine fuel andNtB¥ distribution grid is developing within generabves
on European mobility. The LPG distribution gricaiseady structured and used.

The electric vehicle charging network must be deyetl while ensuring that vehicles are properly
integrated into the energy distribution network.eTpublic electric vehicle charging network is
currently sufficient for the number of vehiclesdinculation. Nevertheless, it could be undersied i
EV sales evolve in line with targets. It is therefmecessary to continue the efforts made in public
charging stations.

In order to scope needs, European Directive 2014834 of 22 October 2014 sets an indicative ratio
of one public terminal per ten electric vehicles, a total of 100,000 public charging station20@22

if the sector achieves its objectives. Howeves thtio must be adapted in response to the context.
The form in Appendix 3 aims to put forward an assent of the demand for 7kW/low power and
22@

identify zones in which demand will be highest. Tasults of this simulation show that 2.2 million
charging terminals will eventually be required tver the needs of all vehicles (excluding moderate
power charge), a ratio of 6.5 per 100 vehicles, terminal for every 15 vehicles. This includes 0.8
terminals per 100 vehicles for charging at 22kWighhpower. However, this distribution is not
uniform across the whole country. Public chargiaguirements are higher in dense urban areas,
where the number of private parking spaces is mdluthese urban areas are also of relevance for
electric vehicles. It is therefore necessary to/jgi® a dense public charging network. In rural syea
the dispersion of housing facilitates the instalatof home terminals and the need for public
charging essentially seeks to ensure geographivarage. Finally, a network of charging terminals
with 22kW / high power capacity will need to be dmped along major routes, at regular intervals,
to enable electric vehicles to travel long dist@ncehis network must be large enough to absorb
seasonal peaks. Particular attention must alsaigketp the development, production and recycling
of batteries.

Natural gas vehicles

France has the largest network of CNG stationgriarks in Europe. The development of CNG

stations is linked to biomethane development tauen&uropean mobility. The lack of natural gas
refuelling stations is currently the main obstaoléhe adoption of this mode of propulsion by road
hauliers. The number of stations should be scopguidvide coverage of major road routes, as well
as geographical coverage, which can be definedhasxanum distance or travel time to the nearest
station. The National Action Framework for AltenvatFuels has provided some initial development
guidelines, but today it is about forming a morebdius vision.

The form in Appendix 4 aims to scope the networkNIG stations in line with the SDMP timescales,

to provide an effective network in the country teehenergy demand without unreasonable wait
times at the stations while respecting a break-g@gent for the station. In order to meet the energy
objectives of this SDMP, it is estimated that 138 826 are the minimum numbers of stations
required in 2023 and 2028 respectively. Furthermihiee maximum number of profitable stations is

estimated at 367 and 845 in 2023 and 2028 respctiv

Liquefied petroleum gas

LPG consumption in the world and in Europe is grayvstrongly. France is reporting very stable
consumption. There is a dense European networkcEtia one of the only European countries where
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the network has decreased slightly in the lastyars. The network is in place and does not need
any public investment. However, it is only use®a% of its economic profitability. There is real
potential for development of this market. The netwis ready to accept bio-LPG: It is important to
take advantage of the current situation.

Hydrogen

The development of hydrogen charging stations eaititinue based on the so-called "captive fleet"
method, which involves helping to deploy statioeanto those who choose hydrogen. Thus, the plan
for the deployment of hydrogen is based on theawllof regional mobility ecosystems, in particular
via fleets of commercial vehicles:

5000 light commercial vehicles and 200 heavy vesi¢buses, trucks, regional trains, boats)
as well as the construction of 100 stations, segdphith locally- 4147

20,000 to 50,000 light commercial vehicles, 802@00 heavy vehicles and from 400 to 1000
stations by 2028.
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Challenges

The transition towards a low-carbon economy (lownaterial and energy consumption, very circular and
carbon-free) makes the expansion of research adation activities in the energy field absolutegcessary,

in order to develop technologies and patterns bét@ur which will contribute to reducing emissipaad to
position France competitively on future marketslév-carbon goods and services.

Many needs specific to research and innovation baea identified:

in the energy sectors, on energy decarbonisatinargg efficiency, energy storage, intelligent
management of transport and distribution netwoaksyell as solutions to capture, store and reuse
carbon;

in the non-energy sectors, to improve processesdan“carbon” and environmental efficiency, and
resource optimisation, recycling and reuse;

on the health impact of the energy transition aad technologies, social innovations (change in
behaviour, conduct and assimilation of the changés) and organisational innovations (public
policies, etc.).

These needs, in terms of meeting the low-carbasitian challenge, will mobilise all the playersaived in
low-carbon research and innovation actions natipnlalit also across Europe and internationally.

Existing plans and strategies

At international level, France is involved in thaslon Innovation initiative launched during the BEZ1 in
November 2015 by presidents Hollande, Obama and Mdkle presence of around 20 heads of State.ighis
based on the recognition that innovation will bgesgial for long-term compliance with the commitriseof
the Paris Agreement and that acceleration is nedidieduses on three objectives:

double public financing of R&D into carbon-free egies between 2015 and 2021;

strengthening cooperation between member statdsese R&D actions;

mobilising private investors to bring new solutidaghe market.

As part of this initiative, eight thematic challesg(innovation challenges) have been launched en th
following themes: smart grids, off-grid energy asxecarbon capture/storage/recovery, advanceddispfu
conversion of solar energy into fuel, advanced nmal& decarbonised heat and cold for buildings and
hydrogen. France is involved in all of these chmgkes and is jointly leading the challenge relatmgff-grid
energy access.

At European level, the strategic energy technofadgy (SET Plan) aims to introduce a European cabjoer
policy to accelerate the development and deploymelnw-carbon technologies.

At national level, the French National Researclat8gy Stratégie Nationale de Recherghe built around

10 great challenges for society, including threelickted to the energy transition: “Careful resource
management and adaptation to climate change”, tClafe and efficient energy” and “Sustainablegpant
and urban systems”. The National Energy Researztte8y represents the energy section of the syrateg
comprises four guidelines:



1. Target the key themes for the energy transition:

This guideline reflects the governmental objectiydiversification of energy mix and development of
renewable energies, strengthening of energy efiitgien all areas, reduction in use of fossil resesr etc.)

by listing the associated scientific and technalabchallenges (flexibility of systems for the igtation of
renewables, multi-scale decentralisation and g@rera of energy systems, increased role of consyumers
continued improvement of nuclear, etc.). In thigpext, the following are proposed:

- expanding the interdisciplinary nature of the R&INK between energy transition and digital
revolution, environmental challenges and inclusiorthe circular economy, health impacts of the
energy transition and new technologies, economit satial challenges to involve consumers and
support the decentralisation of systems);

carrying out comparative analyses, in a systemapiproach, of different flexible solutions in
development (curtailments, managing productionsast®, coupling networks and vectors, etc.) in
order to gain a consolidated view of the technaalgoptions in the short, medium and long term.
This research will support numerous short-termreffon the different innovative means of production
(e.g. marine energy) or demand management (e.geri@atand processes required for the energy
renewal of buildings).

2. Develop Research & Development & Innovation (R&Di&lfonnection with the regions and
industrial fabric, particularly for small and medtsized businesses and “mid-caps”
companies:

Guideline 2 highlights the economic challenges afntaining and improving the most competitive matur
sectors and the development of new sectors, whielpart of an international framework, beyond tkeds
of the energy transition in France. In order toede@te the transfer of technologies from R&D oemtonto
the market, a collaborative approach between thégand private sectors and an experimentatios@laae
required. In particular, the following are proposed
- scaling up the support approach to demonstrating teehnologies and solutions, in particular in
overseas territories in connection with the authresri(e.g. through the action of the next PIA3) and
using all financial instruments (State aid or eguit
supporting the development of SMES/ET]Is, not onithvinancial support (e.g. with AAPs such as
the innovation contests, together with competitega centres) but also with market positioning
support (establishing links with manufacturers);
structuring French sectors by supporting the exgstitiatives on a national level (cf. New Indugtr
France plans, strategic sector committees) by ic&rgut regular analyses of the positioning of Eren
actors on the international stage and mobilisireséhactors to participate in global and European
initiatives.
3. Develop skills and knowledge for and by the R&D&:

Guideline 3 relates to developing skills for bdtle tonsolidation of an energy research communitlyfan
the information and training of different interestmmmunities (professionals, civil society, demismakers).
A strong emphasis is placed on the multidisciplmaature and constitution of a community of basiesces
for energy, including human and social sciences. folowing are therefore proposed:
- strengthening international collaboration and thebal visibility of actors in French R&D in the
energy sector;
developing thematic networks of researchers in rotdebuild critical masses around existing
laboratories of excellence, as well as focusingnajor research infrastructures;
developing modelling and foresight capacity in ortedevelop scenarios integrating the different
dimensions of energy systems and to characterggaide energy mix choices;
developing new training programmes for energy itams professions, with the support of higher
education establishments or institutes such agtgutes for Energy Transition;
involving civil society in demonstration projecta ithe territories and in feedback on these
demonstrations in order to facilitate debate angicghof society and the adoption of technologies
providing the best services.



4. Create light-touch, effective governance to provdgaamic operational management of the
National Energy Research Strategy.

This final guideline highlights the need to cooats the implementation of the National Energy Resea
Strategy (SNRE) with the existing initiatives dfelient geographic scales, from local (in particalregional
level) to international (in particular at Europdewel with the Horizon 2020 programme and the SENhP
and to consolidate governance for an efficient engntation across the strategy’s development phase.

Support and funding

The annual total of public research funding from Erench State in the domain of new energy teclgiedo
(renewable energies, energy efficiency, carbonucapand use, storage and networks) has been €440
million/year in the last few years, using the Intronal Energy Agency’s nomenclature. This igteelmore

than 40% of French research spending in the erdoain.

In parallel to funding public research organisatidhe State supports R&D actions operated by ADEW&E
demonstrator component in particular), BPI Frarioe Caisse des dépéts et consignati¢8®C) and the
National Research Agency (Institutes for Energynsiiion, calls for generic projects). The state disds
innovation with short-term marketing potential vihe Single Inter-Ministry Fund Fonds Unique
Interministériel).

Between 2010 and 2017, ADEME operated the first @mponents of the PIA: “Demonstrators of the
ecological and energy transition” and “Vehicles arahsport of the future”, thus covering multipleines
divided into four main components:

production of renewable energy, storing energy,sandrt grids;

energy efficiency in building, industry and agricumé, and biobased chemicals;
circular economy and waste;

all components of transport and mobility;

Different financing tools were implemented, calls projects for demonstrators, SME initiative argigy
interventions, making it possible to finance — tigi 85 calls for projects — 745 projects for a glaomount
of aid of €2.5 billion (overall project budget: £2.billion).

In line with PIA 1&2, ADEME operates several actoas part of the third component of the PIA (sthnte
2017), for a total amount of €1 billion:

“highly ambitious territorial and innovative demardors”, with €400 million of equity and €300
million of State aid (the CDC is also an operatithwgeparate credits for the territorial component)
For Ademe, this action constitutes the continuatibthe PIA1&2 actions supporting “demonstrators
of the ecological and energy transition”;

“innovation contests” for SMEs, with €150 millioh State aid (the BPI is also an operator with €150
million, which must also cover the territorial coomznt);

support for “innovative ecosystems” in the sustai@anobility domain, with €150 million of State
aid.

Incentives intended to stimulate research and inn@tion connected to renewable energy - Institutes fo
Energy Transition

The Institutes for Energy Transition (ITE) are poigrivate platforms that aim to constitute campusé
excellence bringing together academic researatpe lgroups and SMEs on the specific themes of theggn
transition to foster innovation by converging pobR&D efforts and industrial strategies. Therefdiiegs

target the industrial development of an entire @edtom technological innovation to the demonstratnd

industrial prototype.

Within the scope of the future investments prograntRiA), the National Research Agency (ANR) morstor
the ten or so structures in the following domains:

green chemicals and agrobased materials;

renewable marine energy;



solar energy;

geothermal energy;

smart grids;

energy efficiency;

sustainable building;

decarbonised vehicles and mobility.

This programme is allocated a budget of one biléaros, financing up to half of all of the ITE Stiaties.

Box 16: An improved bilateral cooperation between Fance and Germany to foster the
development of innovative solutions

In 2018, the French Ministry for Higher EducatidResearch and Innovation, via the National
Research Agency (ANR), and the German MinistryEducation and Research (BMBF) launched a
call for bilateral projects for energy storage digldribution (expected to be competed January 2019)

This call for projects aims to support the develeptof innovative, efficient and sustainable solnsi
for the storage and distribution of energy.

This is part of an improved cooperation betweemé&gaand Germany in the energy domain. This
partnership aims to stimulate innovation in Fraacd Germany to contribute to the implementation
of a sustainable energy system in Europe by 2050.

The call will support collaborative projects bringitogether French and German partners whose
upstream research (technical readiness level - BBiween 1 and 5) is aimed at developing
economically, ecologically and socially efficiemtitions for the distribution and storage of energy
in France, Germany and the rest of Europe. It dregbed to both research organisations|and
businesses.

The expected projects should focus on one of tleerhain themes: 1. Conversion and storage of
energy from renewable sources, 2. Smart energysfiat and distribution) networks. The themes
addressed in this scope may contribute to achieiagbjectives shown in the SET Plan batteries
and storage action plan.

Analysis of practices and lifestyles to better inMee “consumers” in the ecological and energy transbn

Beyond simply technological progress, the questidrehavioural changes, and more generally, thkigon
of our lifestyles, is a key challenge for the egital and energy transition. Emerging new techrscéltions
require new organisations that must be acceptealllsfakeholders and fit into social dynamics ua not
necessarily convergent.

As a result, there is now a consensus on the meddvielop practices on an individual and collecteale.
However, the actions to be implemented to achibeesét objectives remain complex to define.

Indeed, faced with the multitude of tools availapidormation, communication and education, suppart
change, financial incentives, regulatory and laegguirements, services and products), it is necgdsa
identify the most effective levers, particularlytarms of practices and social categories.

It is also a question of better understanding thstaxles to the change and the diffusion of thernelogies
and at the same time characterising the econonuliticpl, institutional and legal stakes that cdiah the
emergence of the factors of success and sociaptatikty.

Finally, the rise of digital technology allows assdo data that is incommensurate with previoustioes that
should be used to best support the energy transkiowever, this technology is not always accepted.

Therefore, there is still a need to further knowlednd understanding of behaviours within the iiddial and
collective spheres with a view to devising methand tools to support the evolution of these behasio



For this reason, these issues are considered asvdeor the success of the French ecological emergy
transition and are at the heart of the nationaftg@neesearch strategy and are the subject of numgoint
actions led by research actors in the domains @fggyrand social sciences.

At national level, research units focus on the aloand political issues of energy and the envirammiz
addition, the Energy Unit of the CNRS has put iacpl a thematic group “GT9 - Sociology and economic
foresight” with the objective of identifying socamical issues in matters relating to energy, pagdtimowledge
and approaches, and contributing to reconcilidtiemveen engineering and human sciences. In corierats,

the calls for projects of the non-thematic energyt encourage the submission of projects on théosoc
economic aspects of energy and select at leagptwjects each year on this theme.

In addition, the National Alliance for Coordinatiof Energy Research (ANCRE) leads joint action$iti
counterpart the National Alliance for Human andi8ldsciences (ATHENA) through its programmatic grou
“Foresight and energy economy”. In this way, theSSHkmension has been integrated into the diffexantgy
scenarios established by ANCRE.

At European level, the national energy and humath sotial science contact points of the Horizon 2020
research framework programme are engaged in aaredjalogue in order to promote the integratiofm@nch
partners in transversal projects.

Objectives and measures:

Continue and expand support for R&D and innovat@mrthe energy transition, in particular
by means of the Future Investments Program, in reoice with the main guidelines
formulated by the Innovation Council, implementae®018;

Confirm the commitments taken on as part of thesMis Innovation and in particular
increase public funding of R&D in order to speedhpdevelopment of technologies serving
the energy transition;

Consolidate French participation in large interowaail research programs and particularly in
the upcoming Horizon Europe framework program;

Develop new training for energy transition professi, with the support of higher education
establishments or institutes such as the InstifoteBnergy Transition.




Box 17: Examples of R&D actions encouraging the dégyment of renewable energy and
reduction in energy consumption

Competitiveness of green hydrogen production:

Hydrogen is of major interest as an energy souwcéhle energy transition — a role which currer
remains underdeveloped. It can be used to prodectieity for the national grid or for transpo
and is also an energy storage solution, notablglemtricity, which will be one of the major challges

for the energy systems of thes2tentury. Hydrogen as an energy vector therefopeesents a

significant scientific, environmental and econotisigue.

Electrolysis technologies facilitating the prodoatiof hydrogen from renewable energies are
reaching maturity, as evidenced in particular ydiecrease in costs observed in recent years (
since 2010). However, in order for green hydrogesdpction to reach costs comparable to th
obtained by conventional methods (steam reformimg2030, support for R&D and innovatic
remains essential.

Put the digital revolution at the service of the eargy renewal of buildings:

In France, the building sector accounts for alnd&8t of end-use energy consumption and 279
greenhouse gas emissions. Its contribution toréimstormation of our development model for ene
efficiency is therefore imperative and involvesueidg the energy needs of buildings, the us
efficient systems to limit energy consumption aimaify the deployment of renewable energies.
do this, the ability to modernise the entire builflisector by supporting innovations and tF
dissemination to a maximum including artisans, lisegor issue.

Digital technology is an unprecedented opportutdtgevelop innovations in the building indust
As an example, the digital model (BIM: Building émmation Modelling), already common in the n
construction sector, and developing in the fieldesfovation, will provide better knowledge of t
building. On the one hand, this will make it po$sito optimise work and subsequent renovat
(fewer errors in the work or renovations, less wattwer greenhouse gas emissions), but als
better target the works, in particular to reduceeghouse gas emissions. More generally, the
revolution in building must make it possible to bavetter knowledge, better understand, be
diagnose and ultimately better deal with the eneiggue. Connected objects and the sr
management of buildings or blocks of buildings, &lso artificial intelligence offer the prospect
radical progress for the identification of prioritgnovations and relevant work or for the contifo
uses and changes in behaviour.

Make grids smarter to allow for massive integrationof renewables and the development ¢
electric mobility:

Over a half of new electricity generation facil#tieurrently constructed in Europe are renew
energy facilities, with different constraints om thrids than fossil fuels. In the medium term, tiasv
situation will require profound changes in the stowe of transport and distribution grids and tf
operation.

Increasing the penetration rate of variable renésgabill lead to more decentralisation and fletii
of supply, requiring optimised grid management.nirthis new perspective, innovation will

essential, especially to develop multi-form storageacities, integrate electric mobility, enha
interactions between different energy vectors, esimaaintenance information concerning individ
devices on the high-voltage central grid, and shackoptimise the data distributed by the netwo
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7. Protection of consumer purchasing power and conglitive
energy prices, assessment of professional skillgguearements

(! R 1>1

The Three-me Model was used to assess the macaamimpact of the scenario put forward in the Nl

Low Carbon Strategy (Stratégie Nationale Bas Carph8NBC). The SNBC energy consumption scenario is
the same as that of the MAEP up to 2028. It shbeldoted that the SNBC measures covering redudtions
greenhouse gas emissions other than those assowidteenergy combustion in agriculture or forestmy
particular, do not feature in the MAEP but formtpef the scenario whose macro-economic impact was
modelled. For ease of expression, this scenaridwiteferred to as the "MAEP Scenario" in whalolek in

this paragraph because it corresponds to the MA&€&lihe and because the MAEP measures have an over
arching impact on all of it.

Box 18: the Three-ME model, a "hybrid" macro-econonic approach

The ThreeME model has been in development since 2008 byFtkach Economic Policy Observat
(Observatoire francais deonjoncture économique, OFCE) and the French Enmiemt and Energ
Management Agency (Agence de I'Environnement daddaitrise de I'Energie, ADEME) and is use
assess the MAEP. It is a calculable Keynesian géequilibrium model in the sense tipaice dynamics ar
money supply account for shagrm imbalances on markets, particularly the laboarket, and that tk
interest rate on the financial market is set byGleatral Bank. It is also hybrid in that it recdesia class
top-down approach with a bottoap approach which consists of providing a microemoic basis fo
household decisions regarding energy consumptieat kfficiency renovations and house and ve
purchases. In this hybrid block, the vehicle andditg stocks are alsoadelled, broken down by efficien
class, allowing for very detailed measurementfiefdaconomy’s Ceemissions.

The Three-ME model is muliiectoral: it considers 24 economic sectors (adticey iron and steel, ener
production, rail transport, non-met services, etc.), making it possible to analyse effects of activit
transfers from one sector to another (in termsngbleyment, investment, imports, etc.). Finally, fleee
ME model considers four production factors (capitedrk, intermediateeonsumption and energy) and
types of energy (oil, biofuel, nuclear, gas, geottad, wind, etc.) that are more or less able teliestituted

Featuring 14,000 equations and 70,000 paramehbersnodel is characterized by the following equation

Prices the notional price is obtained by applying a mapkrate, that is itself variable, to unit produn
costs (mark-up theory);

Real interest rates they are set by the monetary authorities (Taglaule);

Investment it depends on expected prodoat its past dynamics, substitutions between prodo
factors. In the short term, the capital stock idudted from the investment according to the stat
capital accumulation equation and, in the long-teesults from the optimisation of production fast

&)

Wages they are determined by the Wagetting curve which establishes a relationship betwthe
unemployment rate and the level of real wages,taldag into account the expected consumption
and labour productivity;

External trade: the imperfect substitution between domestic productd emported products (¢
Armington) is characterised by the relative pricesubstitution elasticity and the level of aggte
demand;

The State it behaves in an exogenous way, which leads gp®endat the market price, to pay
employees the market wage or even to subsidisetar seecording to predetermined dynamics;




The function of production: companies minimise their costs using a "genedlisCES functiol
(Constant Elasticity ofSubstitution) and three trade offs: between théedifit production factor
between the different types of goods and the differenergy vectors (the electricity mix be
exogenous) and between domestic products and iethproducts;

The function of consumption households first determine the amount of theiuseoand vehic|
investments by taking into account the associased costs (amortisation of the net purchase pffi
aid, share of self financing and borrowing, costéérgy consumption, ejcNotably, the total demal
for housing (in m2) grows with the population ahdttof transport grows with income and the rele
fuel prices. The consumption of goods other thaarggnis modelled using a generalised Lir
Expenditure System (LES) tgputility function which takes into account incoragsible consumptic
and an optimised trade-off between different coreugoods.

It should be noted that the results presented &erenot comparable to those of the assessmenedirsi
MAEP: an additional 1% GDP growth rate cannot herppreted as a revision upwards of the macro ecanom
projection for the MAEP adopted in 2016. Indeect tesults should be understood as an upwards or
downwards difference compared to a "with existingasures" scenario. Hence, the 2018 "with existing
measures" scenario is no longer the same as thassessed in 2016, because it takes into accduheal
measures adopted by the governmentsaiully 2017.

2023 2028
GDP 1.3 1.9
AV of the market sector 1.8 2.4
Consumption by households 0.4 1.3
Purchasing power of households 1.1 2.2
Jobs (number) 246,000 413,000
Trade balance (% of GDP in value) 0.2 -0.1
Energy bill (% of GDP in value) -0.6 -0.9
Government balance (% of GDP in value) 0.5 0.8
Cumulative investments (from 2018) €93Bn €271Bn

Table 46: Main results of the macro economic aseess (in % deviation from the "with existing meastr
scenario excluding jobs, the government balanceiawnestments)

.2 2 9/ 1%

GDP should grow by 1.3 % more in 2023 with the roees adopted by the MAEP than if they had not been
adopted and by 1.9% in 2028. The rise in GDP shbeloh the order of +0.2% per year on averagegedrhy
growth in internal demand. In fact, investment®irergy efficiency exert a positive knock-on effentthe
economy: production grows which stimulates job toeaand a rise in consumption which has a positive
retroactive effect on the activities of all sectgkscumulative virtuous circle is unleashed in arnfity with

the investment multiplier theory.

The renewed economic activity is accompanied bgeain inflation. That can be explained by thressmns:

2
!

%



Over the 2019-2023 period, surplus investment & Rhrench economy compared to the business-as-usual
scenario should be in the order of 93 billion eysosl in the order of 270 billion euros over th2£2028
period

Inflation reduces the competitiveness of compan@spared to foreign competition. The price of expor
increases by + 1.6% in 2023 and + 5% in 2028 coetpty the WEM. Thus, lower volumes of goods are
exported but they are sold at higher prices. llprto this, the increase in consumption leads tise in the
level of imports.

It should be noted that if companies lose in teomsompetitiveness compared to their foreign cormrest

the rise in internal demand is sufficient to puplthe added value of the market sector by abo@b 1n8023

and about 2.4% in 2028. The MAEP measures haveraitineutral or an upward impact on the added value
of most industrial sectors. The sectors that egpee a drop in activity are those dealing in transgossil
fuels and nuclear.
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Figure 77: Changes to added values for sectorgmim €

NB: the services sector is the one that grows tbstrstrongly. The scale of the graph has been edapt
make changes to other sectors visible. Consequingtlghanges in the service sector do not appeaactly:
they are in the order of #£s24bn in 2023 and +§:535bn in 2028.

The rise in volume in internal demand, therefoesilg compensates for the reduced exports.

Creation of 413,400 jobs

Relaunching productive activity creates jobs: 2@6,8dditional jobs should be created in 2023 argjcaD
in 2028.

A growth in employment across all sectors in thenemy except for the fossil fuel and combustion and
nuclear power stations sectors as well as in n@adport of goods.

The majority of indirect and induced jobs are aedan the tertiary sector since it represents 80%[0P.

The purchasing power of households rises by 2.2%

Falling unemployment fosters real wage increaséénakely, household purchasing power rises by 1ii%
2023 and 2.3% in 2028. A lower energy bill for aggers also encourages a rise in consumption exjpeadi
to the benefit of other sectors of the economygchvipushes up internal demand and has the effeatraasing
companies’ productions.



Trade balance stability

Supposing that France is combating climate chaluge gits domestic prices go up by 1.3% in 2023Z8&0
in 2028. In parallel, the average weighted priceFi@nch imports goes down by 0.8% compared tO\EM,
since fossil fuel purchases are reduced. At theestime, the prices in France are relatively higtiem
elsewhere.

However, we consider that the rest of the world aldo engage in the fight against global warminghe
model, this has been incorporated by supposing0fat of the rise in domestic prices, forecast mRkhance-
acting-alone scenario, would also be passed orsadooeign prices. However, the exogenous inflaign
increase for prices of imported goods barely redtice relative gap between the rises in domestid@eign
prices. That can be explained by two reasons:

The rise in foreign prices entails a rise in thiegoof imported intermediate consumption by French

The rise in foreign prices limits the deterioratimfrihe trade balance, which increases the ris&DPR.

At the same time, this return to growth engendeiseain real wages which is passed on to domestic
prices. This second-time-around additional inflaéiy effect has not been taken into account in the
calibration of foreign prices.

Overall, the trade balance remains stable thankset@int effect of the changes in imports/expgtescrease
in volume but increase in value) and the fall ie tossil fuel bill.

Public finances improvement: +0.6% GDP in 2028

Thanks to the growth-led revival, the energy tramsiwill also be beneficial to public financesdpite of:

)

the payment of subsidies.

The payment of subsidies is compensated by thegesce of revenue generated by the increasedtgcByi
way of example, with a 25% public assistance ratexterior wall insulation, €100 of work givesei® €25

of additional public expenditure. Even supposingtth 50% deadweight effect exists (cf; The French
Environment and Energy Management Agency’s MENF&8i@h), and that half of this work would have been
done without tax credits, the CITE thus generab&sd additional turnover for the buildings and pxilvorks
sector (Batiment et Travaux Publics, BTP). Becdb&esector imports very little intermediate congtion
from the rest of the world, this €50 entails a heaguivalent rise in GDP (all things being othesaviequal,
excluding multiplier effect, as long as househaldsnot reduce their spending at all or only by Vidtie,
which is the case when they borrow to finance timeiestments). Because the compulsory tax rate®R 1S
about 45%, the State collects almost €24 of aduitioevenue, not counting the additional revenuegeed
by the knock-on effect of the construction indusgtrythe rest of the economy.

The government balance will improve by 0.5% of GBR023 and by 0.8% of GDP in 2028.

7.2. Protection of household purchasing power
7.2.1. Impact of the MAEP on households

Although households can be impacted, at a constastgy consumption, by certain measures intended to
encourage the energy transition, it is crucialrtalde them to participate in this transition as lasspossible
and contribute to it while protecting their purcimgspower. The actions intended to help them lotheir
consumption will lead to a reduction of the ovehallisehold bills in spite of any rise in price. 8pkattention
must be paid to the most vulnerable householdsdardo ensure the energy transition is sociakyusive.

In order to achieve this goal, incentives must baenin place to enable households to improve thergy
efficiency of their homes and their journeys, theducing their energy consumption and, as a coessg
their bills. These provisions have three goals:



to limit the impact on households’ purchasing

to protect the most vulnerable households, innterésts of social justice.

In this context, several existing measures wilekiended and others will be introduced both fordiogiand
for mobility.

The MAEP relies on tax incentives aiming to fostartuous" behaviours, by encouraging users ofrtiest
polluting energies to turn to cleaner ones.

To support households in their efforts to adapir themes to the energy transition, provisions hlagen put
in place at two levels:

an awareness raising and information drive willcbaducted when the schemes are rolled out and
implemented. This, for example, is the goal of BFAdRE (Facilitate, Accompany and Inform for
Energy Renovation) campaign led by the French Bnwrent and Energy Managemén

several schemes aiming to help households to fupdavements to the energy quality of their home:
amongst the main tools are the CITE, and ANAH'sBitlr mieux" (Live better) programme which
in 2018 continued to improve the support it progide households for renovation. These provisions
provide help to households, by targeting those with lowest incomes as a priority, to undertake
building work to improve the energy performancéhafir homes, in order to bring down their energy
consumption and, therefore, their bills.

Mobility is the other major cornerstone of the g@ydransition for households, all the more impaotrtaecause
mobility will have to change both in its forms aitsl modalities in the years to come. Two wide-réagh
measures have been implemented to speed up thealemiethe car fleet in favour of new vehicles that
more environmentally friendly by granting enhanegtito the most disadvantaged households:

The bonus for acquiring a new electric vehicle éptkat a high level (27 % of the purchase price
limited to €6,000)

Starting from ¥ January 2018, the premium for vehicle conversamgo up to €2,500 per person for
the purchase of a new electric vehicle. In 2018,glemium will be extended to continue replacing
the many aging vehicles on the road with new ooséand vehicles with much lower emissions:

& " #& < "210
6% "2103

The premium is doubled for the lowest income hoaklshand for persons not subject to taxation
living at least 30 kilometres from their workplameobliged to make long journeys as part of their
professional activity: €4,000 for a thermal vehatel €5,000 for an electric or rechargeable hybrid
vehicle, new or second-

the premium is further enhanced to make convetsi@m electric or rechargeable hybrid vehicle

€2,500 for the purchase of a second-hand electidcle for households below the tax

M4 111 41?;+
€2,500 for everyone for the purchase of a rechafgd®ybrid vehicle (against € 1,000/€ 2,000
respectively for taxable and no- 417+

€2,500 for the purchase of a second-hand rechdegbgbrid vehicle for households below
the tax threshold (against €2,000 in 2018)

Another measure aims to put in place a "sustainaaiesport stipend" which will enable private andlic
employers to make contributions to the car shasingycling commute costs of their employees. Thijsesd
could go as high as €400/year, exempt from taxsaethl security contributions. The State will rolit the
sustainable transport stipend to all its employbesyeen now and 2020, at €200/year. Cycling caldd be
reimbursed as travel expenses for trips made bylognps for professional reasons during job-related
journeys.
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For households, the energy transition requiresfant ¢hat is inversely proportional to their leveflincome:
the effort is considerably higher for the lowestame households. The lowest income households enage
pay lower bills than the highest income househdlusr homes are smaller and therefore consumetesgy,
and they also run fewer vehicles. Neverthelesgraportion to their income, energy bills have a mgceater
impact on their budgets. By way of example, in 2at8 total energy bill amounted to €2,200 per yeathe
10 % of lowest income households! (lecile) as opposed to €3,600 for the 10 % of Higimeome households



(last decile). However, in proportion to their imee, the energy effort rate (Taux d’effort énergédigTEE)
for 1% decile households is three times higher than éarskholds in the last decile (an average of 16 % as
opposed to 4 % in 2015).

For some low income households, expenditure orggrier the home presents such constraints on bloeiget
that they can be classed as in fuel poverty. Iméagathe so-called “Grenelle II” law of 2010 definghis
phenomenon as follows: a person in fuel povertyeerpces particular difficulties availing of thequésite
energy supply to meet their basic needs becaube ahappropriate nature of their resources or theusing
conditions. This legal definition of fuel povertgcorporates problems with paying for energy usethén
home, but it does not take into account fuel exparafor mobility. This is why we are also inteted here
in a phenomenon which we will call "energy vulnéligld which includes all energy expenditure, bdur

housing and transport.

Two indicators have been defined to monitor thedatwf the MAEP on these two phenomena. They dte bo
based on the energy effort rate (TEE, i.e., thegeage of energy spending in the household’s iegom

- a monitoring indicator for fuel povefywhich, amongst the 30 % of the lowest income hoolsks,
measures those who devote more than 8 % of thdgdido home energy costs.

- A monitoring indicator for "energy vulnerabilitywhich measures amongst the 30% of the lowest
income households those that devote more than T@¥ei budget to total energy costs (for their
home and transport).

In 2015, according to these two indicators, 11.8f%ouseholds were in fuel poverty and 9.6 % irnwason
of "energy vulnerability". The energy cheque, whigkthere to take the weight of energy bills off 8houlders
of the lowest income households, is taken into aetagain here: it helps reduce the energy eftaet in the
home and, consequently, the total energy effoet rat

The planned €50 increase to the energy chequeédi® &ims to reduce the impact on people in fuebpyv
the fuel poverty rate increases to 11.8 % in theeliree scenario as opposed to 12.0 % in the bissaesisual
scenario. By contrast, if the whole bill (housingdaransport) is taken into account, energy vulpiéta
increases more in the baseline scenario than usiadss-as-usual scenario (12.0 % as opposed4@d)l.

In 2023, the fuel poverty rate will be the equivdlm the scenario including the MAEP measures/ %) to

the rate in a scenario without the MAEP. The immdithe impetus given by the MAEP will be one adueing

fuel poverty over the longer term. In 2025, thei¢atbr will decrease in absolute terms in compariec2023
(11.8 %) and in relative terms in comparison tat@asion where there is no MAEP (11.5 %). The peosit
effects of the transition will be felt afterwards those in fuel poverty: 11.4% in 2020 and 11.2%92030, as
for a business-as-usual scenario. In the longer,tére effects of the MAEP on fuel poverty are &ethan
the status quo.

These results underline the need for redistributi@echanisms during the period of energy transitiomelp
households marginalised by this transition, paldidy the lowest income households. This is thd gaesued
by expanding the base of households eligible ferdghergy cheque, and increasing the amount in @919
below).

The MAEP presupposes investment costs, for whigiara will have to be paid by households: energy
renovation costs excluding state housing beneéhicle purchase costs, batteries for electric Vehic
"household" charging points. These investmentsemi#lble energy savings to be made later.

8 This indicator, based on an energy effort rateshold for the 30 % of lowest income householda,dsmmonly used
indicator for monitoring fuel poverty (TEE_3D). UWintecently the national observatory for fuel payemonitored
this indicator with a 10 % threshold. However, this% threshold, defined by fairly old British aeagic work, is
considered obsolete and not appropriate for theentiFrench situation. Rather, an 8 % fixed thr&sthas been
suggested, corresponding to twice the median catbdme energy effort observed recently in Frahtéhe same
way, to define the monitoring indicator for enengynerability, we keep the 16 % threshold whichresponds to
twice the total energy effort rate median.



if we compare the average bill increases and the-ge-year investment costs that households apemnsgle
for, the MAEP balance is no longer neutral in 2@8thouseholds in terms of financial costs sineeaherage
impact rises to nearly €200 (figure below). The @@Beline on the other hand looks generally faabie.

Figure 78 — Total bill surcharges vs year-on-yearéstment costs for households WAM/WEM

source: Commissioner-General for Sustainable Deyrakent (Commissariat Général au Développement
Durable, CGDD) (Prometheus-framework MAEP-SNBC)

On an individual level, the households with the nset cover the investment costs will be able wentake
the energy transition and therefore will see thaiergy bill go down. Inversely, bills will increager
households that not have changed their energy ogtgan, but they will not have any investment cdsts
cover . On the other hand, renovation costs iriqudatr will feature heavily in 2025-2030, but thesmests can
be considered to be relatively "sustainable” in garison with investment costs connected with trartsp

It is effective to invest to reduce one’s energistiut the lowest income households do not havaigi
savings for that. That is why it is important foetState to provide specific incentives for housdhon the
lowest incomes to assist them in investing in retions or equipment which will help them signifitgn
reduce their future energy bill. All the energy rmgament incentives take this route: higher premitons
purchasing low emission vehicles; replacement eftdlx credit by a renovation premium etc.
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The LTECV has created a specific obligation to eghienergy savings for the benefit of householtfering
from fuel poverty (eligibility determined based loousehold income). The first accounting period cedéhe
two years 2016-2017, with a goal of 150 T3Mh:.(compared to the "classic" ESC obligation of 7@WhEumac
over the three years 2015-2017). The goal was aethie

In order to extend the impetus of the LTECV in imsipg a specific obligation to achieve energy sawifug
the benefit of households suffering from fuel payethe fuel poverty requirement for the new tinsscof
the 2018-2020 ESCs has been brought to 400 (IWM/hadditional to the original requirement of 1200
TWhamas The energy companies will thus have to investentban €2bn in the fight against fuel poverty.

ANAH is conducting a programme to combat fuel powentitled "Live Better". This program enables
financial aid and social, technical and financiapport to be provided to households suffering frinwl
poverty in order to carry out energy renovation kvdthe programme is funded by the agency’s own budg
(mainly fed by the sale of carbon allowances), witbarticipation from energy companies (EDF, GDESu
and Total). The ANAH budget is fixed by conventias well as by the Future Investments Programme
(Programme Investissements d'Avenir, PIA), throubh Heat Renovation Aid Fund (Fonds d'aide a la
rénovation thermique, FART) with its € 483m.

In total more than 250,000 households have bedefitem the "Live Better" program since 2013. The
beneficiaries of this aid are the lowest income emaccupiers and co-owners, and co-ownership cetsmts
that are in difficulty or disadvantaged (since 20&8 well as landlords, who are not subject tormedasting.
The programme provides in particular for paymeatsdcupier households of subsidies covering 29t#65
of the cost of the energy renovation work, subjecheans-testing. The energy gain obtained atrile&the
work must be a minimum of 25 % for owner occupaand 35 % for landlords and co-ownership association

In 2017, the total number of heat renovations tosbout 60,000 homes, with the amount of aid pellthg
averaging €9,600. The scaling up of the program a@®lerated for the year 2018, with a commitment
capacity corresponding to 75,000 housing units.

The buildings energy renovation plan thus commit2n of State funds to combatting fuel povertysduial
housing, the objective is to renovate heat sievésearate of 100,000 per year, with the suppothefCaisse
des Dépébts, by multiplying innovative solutionstwan budget of €3bn under the Big Investment Plan.

Finally, through the energy renovation guarante® flANAH will support more than 35,000 households o
low income (eco-loans) and 6,000 co-ownerships@ha

7.2.3. The role of citizens in the transition
Citizens are essential stakeholders in the eneagngition, for all aspects of this transition:
Controlling energy demand

The issue of controlling energy demand primarilylicates the building and transport sectors. Infogm
citizens and getting them involved as users isrgisdeThey must start taking action to renew epearse in
their home, to adjust the temperature settinghéir tiving spaces (home and work) and to changé th
transport habits: increased use of soft modesotigriblic transport, intensification of vehicle ustere
appropriate, purchase of vehicles that have loweogy low energy consumption.

Citizens can also have an impact as trendsetteygagh their consumption choices, principally bydaking
products that consume less energy, by minimisingpegent standbys and recycling their products eietid
of their lifespan.

Diversification of the mix, penetration of renewabkhergies

The public also has a role to play in the penetnatif renewable energies. During house constructidooiler
renewal, they can choose heating methods whichemsavable energies (heat pumps, thermal solar,assn



Members of the public can also become direct preduof electricity by installing photovoltaic pase&n
their roof, or participate indirectly by helpingfiend a renewable energy project. These participdtinding
initiatives are very important for projects to leepted locally.

Network modernisation: flexibility, digital

Thanks to the penetration of new technologies twakks, consumers will be able to participate itabhaing
the electricity network, principally by committintg load shedding contracts: this is about comngjttio
regulating consumption during consumption spikesoseting to modalities determined with load shedding
operators.

7.3. Ensuring competitivity in energy prices

Energy is a vital factor in the competitivenessoife French companies that are facing strong catmopet
not only from across Europe, but also often wortteviThus, for certain industrial activities (protion of
aluminium, chlorine, silicone etc.), electricitypgly can reach 30 % of production costs and caresemt
more than 100 % of the added value.

The competitiveness and the very existence of thnekestries that support jobs and combat unemployme
which are government priorities, depend thereforeuo electricity supply that is competitive anddiceable
in the long term. These highly electro-intensitesiubject to international competition sustaioual®0,000
direct jobs in France. Some of these sites reptéleronly sustainable and non-seasonal sourcesmfin
the regions where they are installed, often daback a long time. Others are structurally importfantthe
sustainability of the platforms on which they arstalled. Finally, these sites are often integaaigof regional
or national industrial chains.

The measures described aim to reduce the enelgyf blese electro-intensive and gas intensive anmgs
and to maintain or improve their competitivenesbdost employment and business activity, by pulongll
the levers available with due regard to competitiom and State aid.

Gas

In 2013, a "gas-intensive" status was defined tratterise companies that use natural gas as matavial
or energy source and whose main activities arese@to international competition.

Decree no 2013-972 of 30 October 2013 specifieddifition of the relevant sites, in function toet
relationship between the volume of gas consumedtlamddded value of the company, their internationa
exposure and the stability or countercyclical mataf the consumption (at least 30 % volume consumed
outside of the winter period). In total about 180npanies are concerned.

Electricity

The electricity price is set by the addition ofransmission part (network tariffs), a part linkedenergy
(integrating commercial costs), and a part linkedaxation. All of these levers are subject to mess
contributing to supporting the competitivenesslet&o-intensive industries.

The consumption profile of these electro-intensites, or their capacity to modulate their consuomptis
often beneficial to the electricity system, conitihg to its stability and to controlling the ovireosts. In
2017, 135 sites presented such a stable or coyoliead consumption profile: this kind of profils distinct
from the consumption profiles of residential ortisaly consumers, which vary considerably accordimg
periods (hours in the day, days of the week, mointkise year), generating power requirements, hackfore
network costs, that are greater with regards tcettergy distributed. The industrial sites can tatteantage
of these profiles and this capacity to modulatesaomption.



E 6
>
1. < ! & EOE4 + # !
( # # # 2
4178 91 41 5
** 211 F 4 - * FE 6 6
78*G5 4178 4118* 7*5
41?7 417:*
2. financial incentives:
> 41*7 5
17$17$4178 77%$17%417: . +
2%F6,3 . MO1 +
LN |
3+ JF81117* " 6,
L+ ! "
Io- "+
JF 81112
2 2 ' 9 | A E
) El | 199%2 +

The French Environment and Energy Management Aderaig system "Rational Use of
Energy - Investment" supports the investments mathén companies to acquire energy saving
equipment or to modify existing processes or eqeipimThe operations receiving aid are
demonstration operations or exemplar operations;
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3 regulatory measures, principally in the contextti@insposing Directive 2012/27/EU on energy
efficiency:
06

obligation to carry out a cost-benefit analysis feilities generating residual heat in order to
assess the advisability of exploiting this resichest through a heat or cold network, before the
launch of new combustion plant projects;

the directive 2010/75/EU of 24 November 2010 orugtdal emissions was created using an
integrated approach. This directive obliges thelementation of Best Available Techniques
(BAT) for reducing polluting emissions in many irgliial sectors, in the course of adopting the
revised “BREF” conclusions (Best Available Techmgu—- BAT — REFerence documents)
which provide details on the BATs. The BAT conctins refer to various topics and particularly
energy efficiency improvements. Once adopted tlaeyhe directly applied.

A BREF that applies to all sectors takes energgieficy as its specific theme.

Taxation

Scientific Committee on Problems of the Environnf@€nimité scientifique sur les problémes de
I'environnement, CSPE / Domestic tax on final eleity consumption (Taxe intérieure sur la consortiora
finale d'électricité, TICFE)



Ultra electro-intensive facilities and companied amustrial facilities that consume a lot of energ
particularly those subject to the risk of carbaaskkege, benefit from reduced CSPE rates, the maiorta
electricity consumption.

In compliance with the EU framework laid down irr@itive 2003/96/EC, these exemptions lead to d t#ve
CSPE of between €0.5/MWh and €7.5/MWh. The coshefscheme in 2016 was estimated at €1,425mn, of
which €260mn went to ultra electro-intensive sié8 sites), €960mn to companies that consume aflot
energy (10,000 companies) and €198mn to compamitbeitransport sector.

Carbon offsetting

A "carbon offsetting" scheme for electricity intéres industries subject to international competitiwas
created by the 2016 Finance Act.

This measure, which is provided for in European daa exists in several Member States, consistayihp
beneficiary companies grants corresponding tonlde&dct cost of the carbon, that is to say theaegorst of
the electricity due to the European greenhousegassions trading scheme.

There is therefore a triple objective for "carbdiseiting":

reduce the risk of carbon leakage (that is to bayrélocation of industrial activity outside of the
European Union +

maintain the European Union emissions trading sehgoal of reducing emissions while ensuring a
good cost-

limit to a minimum distortion of competition withihe internal market.

The provision targets companies in sectors whiare le highly intensive electricity consumption amd a
highly exposed to trade from outside the EU. Thiates principally to the production of aluminiupaper
and cardboard, iron and steel, basic chemicalsSeice 2018, the State has been publishing theflgectors
and subsectors that are beneficiaries and the amboiffsetting they receive on the Ministry for @ogical
and Solidary Transition’s website.

In 2017, the total amount of carbon offseting pfaid 2016 amounted to approximately €140mn. For the
beneficiaries, the grant covers around €4/MWh,rgavoughly 5 to 10 % on their electricity bill exthxes.
This scheme is funded by the state budget.

Domestic Tax on Natural Gas Consumption (Taxe ietée de Consommation sur le Gaz Naturel, TICGN)

In accordance with the provisions of Directive 2@®3on the Taxation of Energy Products and the @oist
Code, in particular Articles 266d and 265h, compamonsuming natural gas benefit from an exemgtan

the Domestic Tax on Natural Gas Consumption (TIC®@IKgre natural gas is used for the generation of
electricity, where the natural gas is dual-useti@aarly in the case of metallurgical processésgteolysis or
chemical reduction, or where it is used for the ufiacture of non-metallic mineral products.

Energy intensive sites, as defined within the meguwoif the 2003 European Directive on the taxatioenergy
products and included in the greenhouse gas emgstiading scheme, as well as energy intensive wit&in
the meaning of the European Directive 2003 onadiatton of energy products and conducting an agtat
a high risk of carbon leakage, also benefit frodued rates of TICGN.

Network tariffs
Electricity

Because of the positive effects on stability anel dptimisation of the electricity system for sitghich
consume a lot of electricity in a stable and foeedde way, the value of this stability is reflectedhe bill of
the electricity network access tariff, since thiéelais designed to reflect consumer costs ovemtte/ork
while taking into account their consumption prafile this way, the Energy Regulatory Commissionidied
in 2014 to grant an exceptional 50% abatement @fethctricity transmission bill until the end of1Zfor
electro-intensive users having consumed more tBa@Wh for a duration of more than 7,000hrs in 2@ik3,
constituting an electro-intensive company underdiiénition of Article 238b HW of the General Taxo@e
and having consumed more than 500 GWh in 2013.



The law on the energy transition has extendedfitssstep by introducing a legislative framewodk the
abatement of network tariffs, that could go up@&dof the electricity transmission bill for the negectricity
intensive users connected in the high tension Bailorthat meet certain network use technical cetdn
order to take into account the positive effectd thase users bring to the stability and optimisabf the
electricity system. In exchange for these advamtagerice conditions, companies and electricitgnistve
sites must comply with energy efficiency requiretsen

Decree No. 2016-141 of 11 February 2016 specifiesmodalities for reducing the user tariff of theblc
transmission network granted to sites that consarla¢ of electricity, depending on their electroeinsive
status, the level of energy withdrawn from the roekythe duration of use and the rate of use irpetik
hours.

Network tariff reductions total about €120mn to &80per year.

The decree states the requirements in terms ofygmerformance A company or a site is considerelgeto
enacting an energy efficiency policy if it verifiai the following conditions:

?: F8 1117

within a 5 year timeframe, it achieves an enerdigiehcy objective monitored by means of defined
indicators such as the ratio between energy consompnd a unit of production defined by the
company. These indicators are certified as parie@implementation of the above energy management
system. The objectives are defined in relationh® televant benchmark levels depending on the
activity sector or manufacturing process. The eneifficiency objectives and means envisaged for
their attainment are described in more detail mehergy performance plan validated by the Préfet o
the region where the company has its headquarters.

Tariffs for gas network use

Article L. 461-3 of the energy code provides foe fossibility of introducing reductions in the tsamssion
network user tariff for companies that consumetafmatural gas whose sites have a foreseeablalgsbr
countercyclical consumption profile. Feedback frimials of reductions in the electricity network usariffs
is taken into account in order to define the mdialiof this scheme.

Energy supply
ARENH

The electricity prices for electro intensive comigarremain among the lowest in Europe.

Figure 79 : Electricity prices for industrial consiers (29 semester 2016)- Source: Eurostat



Despite rising market prices, companies will camgito benefit from competitive electricity pricaili2025,
thanks to the Regulated Access to Historical NudReaver (Accés régulé a I'électricité nucléairedrisjue,
ARENH) system. This electricity is provided undeoromic conditions equivalent to those of the inbant
operator, and this must allow all consumers, rdgasdof their provider, to continue to benefit frahe
competitiveness of the established system of nupl@aer stations.

Hydroelectricity

Article 116 of the Energy Transition for Green GtbwAct provides for the possibility of taking lorigrm
supply contracts with electricity intensive compeminto account when setting the fee as part ddirechise
renewal or extension, so as not to penalize theelfrisees wishing to conclude such contracts whiieh thhe
companies a long-term perspective on supply costs.

Finally, following the experiment conducted by RiFEEhe summer of 2014, companies can henceforth tak
advantage of their flexibility as part of the primand secondary reserves (electricity system &aqgu and
voltage settings) in the same way as the producapacities which are already active in this cantex

Taking advantage of flexibility - interruptibilignd load shedding

Another characteristic of some companies that aoesa lot of electricity is their capacity to modelaheir
consumption, even interrupt it, when the transmis@ystem operator identifies the need, for exarnple
ensure a balance between supply and demand dunigrweonsumption spikes or during an unforeseeable
operational incident within the electricity system.

This capacity relies on industrial processes, whmsesumption cannot always be reduced, and notyalwa
with the same responsiveness, it depends on tleegson question.

It takes several distinct forms for electricity éading on the mechanisms in which this reducedwuopson

plays a part (interruptibility, load shedding, pairp, secondary, quick or complementary reservescjpation

in the adjustment mechanism or the energy marat)in every circumstance it is about taking adagat as
a complement, of the capacity of the industrialyptato reduce or shift their power consumption tioeo
periods when there is less strain on the elegtrigistem.

By means of the Energy Transition for Green Grofutth the Government sought to increase the recovkry
value from the electrical flexibility of industriadites, by expanding the scope and volume of exjsti
provisions. Industrial consumers can also take midgge of their flexibility in the context of the pacity
mechanism.

For large gas consuming companies, the law hasrdsaluced an interruptibility scheme.
Call for load shedding tenders

Since 2012, companies have been able to partidiptte "load shedding" calls for tenders organisg&TE,
either by direct participation or by contractingthwa load shedding aggregator participating indaié for
tenders.

A new tendering procedure for load shedding wasodhtced by the energy transition law, and put into
operational action in 2018, in order to achievegbals set in the Multi-Annual Energy Plan. Indiadtioad
shedding will make a significant contribution iretbontext of these tenders.

Provisions for interruptibility of electricity consption

The law of 15 April 2013 created the so-calledemuptibility" scheme which makes it possible tomumerate
industrial electricity consumers able to reducerthewer demand at very short notice, as a meabadking
up network security.

The volume for this scheme was increased for t& fime by decree in 2014 to 600 MW. In view & it
contribution to the reduction of the risk of elédty system failure, Article 158 | of the Energyansition for
Green Growth Act, codified in Article L. 321-19 tfe Energy Code, has reinforced the existing schgme
raising the level of remuneration for the most etiée sites and increasing the volume of callsdader.
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The energy transition will have direct, positivenggative consequences in terms of jobs in theggrserctor
but also more general consequences at the macaramlevel. Relaunching productive activity cregtdss:
246,000 additional jobs should be created in 2023420,000 in 2028.

A growth in employment across all sectors in thenemy except for the fossil fuel and combustion and
nuclear power stations sectors as well as in n@asport of goods.

The majority of indirect and induced jobs are aedah the tertiary sector since it represents 80%I[P.
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In March 2018, the Minister of State, the Minisfier an Ecological and Solidary Transition, the Nieir for
Labour, the Minister for National Education and Miamister for Higher Education, Research and Intiove
entrusted to Mrs Laurence Parisot the mission oking up the Employment and Skills Programming Plan
(Plan de programmation de I'emploi et des compégnePEC), which will be published at the end df&20
in conjunction with the update of the Multi-Annuahergy Plan.

The goals assigned to the mission%re:

To propose a "vision of the future impacts of thergy transition in terms of employment and skills
N

To design a "methodology to cover all sectors & MAEPC [...] by involving the relevant
N

To propose a quantitative forecasting of jobs anith@ qualitative transformation of skills related

To "Create synergies between stakeholders in thiegical and solidarity transition, both nationally
and regionally, promoting forward planning in theeds for jobs and skills for the ecological
transition".

The mission makes three recommendations with regagdvernance:

To set up an information-sharing body bringing tbge the Ministries of the Environment, of the
Economy and of Finance and of Labour, the reprasigas of the National Confederation of Industry
(Confédération nationale de l'industrie, CNI), eoyglrs' organisations and employee organisations to

Raise awareness within the professions and ask theegularly examine the social impacts of the

Encourage the regions and the larger local autesrid monitor these impacts on their territory and
to prepare the transitions.

From 1st January 2019, the new law on future carereates an operator with a central and stratelgic
France Compétences. As a single body for the gamemof vocational training and apprenticeshipnéea
Compétences will be a key player in defining thiatsgy, direction and implementation of lifelong
vocational training. However, to describe its gonaarce, its operation and its missions, the lawsdfe
decrees which have not yet been enacted and whdghicsbe extended to all stakeholders.

Jobs accounting

It appears that national statistics do not enatits jinked to the energy transition to be identifiyy direct
extraction. However, the work of the French Envimemt and Energy Management Agency on the one hand,
and the National Observatory of Jobs and Professiorthe Green Economy (Observatoire national des
emplois et métiers de I'économie verte, ONEMEV o other, does permit estimates. These can raoge f
around 300,000 jobs (concentrated in the constmictransport and renewable energy production sBdto
900,000 if the definitions are extended to inclede-activities and their peripheral activitiessltikely that
there are also jobs tied to the Energy Transitioiié 3.9 million green and ‘turning green’ jobdadined by
ONEMEV.

91. AcTE: the mission letter from Nicolas Hulot, N&l Pénicaud, Jean-Michel Blanquer and Frédéridigal to
Laurence Parisot (29 March 2018)inistry for Ecological and Solidarity Transitiojpnline] consulted on 20 July
2018. Available at:

https://www.ecologique-solidaire.gouv.fr/sitesiaaf/files/2018.03.30_D_Lettre_mission_Me_Parigiit.p



The current framework does not make it possiblerézisely identify jobs linked with the energy tséion.
To improve this accounting, guidelines should tsed$sed within the governing body on the annuallysd
markets and jobs in the energy transition in otder

Discuss the scope of this study with them each, ye@ed on the changes in each sector. Some sectors
could be observed for a few years, and then cedse when the

Together with the professions, reflect on the gmlsses of monitoring start ups and the regionatisn
as requested by the mission.

Quantitative employment forecasting

Different economic models attempt to assess th@mu impacts of energy transition scenarios over a
timeline going from 2020 to 2050. The majority @baomic models predict a net job creation of betwee
100,000 and 600,000 FTEs by 2030. The 2016 MAEP #stimated the number of net job creations at the
2030 horizon to be 283,000 FTEs, while the SNB@reged a job creation of between 108,000 and 380,00
by 2035. Economic models, however, are based dityplar choices, which lead to an interpretatiorheir
results in the light of the scenarios, assumptams methodologies used.

Besides, the economic models do not for the monadet the question of skills development into actoun
Regional economic models have been designed ogguasbt few years to provide local decision-makats a
economic players with the tools to assess the enmneffects of the energy transition policies tlaeg putting
into practice at the local level. Hence, the ClinAttion Network and the French Environment andréne
Management Agency presented the Regional Employr&entogical Transition (Transition Ecologique
Territoires Emplois, TETE) tool in January 2018.

Skills progression

The mission estimates that the energy transitidhongate only a few entirely new jobs, mainly It in
services: energy advisers, energy managers (or édloonomy advisers), traders, materials enginedrs. T
transition will have greater effect in transformiexjsting trades and the acquisition of new skills.

For example, an automotive industry engineer waldnto become more familiar with electrical powaer.
building, an interior finisher will have to mastaew insulation techniques. An electrical mainteanc
technician will have to learn how to maintain a eviarbine.

At the request of the economic players concerrfeicteation and revision of new certifications lieady
taking effect.

Beyond the need for new skills relating to the reguipment in use for example, the energy transition
generates a greater need for transversality andlication between different trades as well as &®ajland
systemic approach. This requirement is particulesisential in the building sector to ensure maxirengrgy
performance. Initial training and vocational traigimust integrate these soft skills.

It is also vital to raise the awareness of empleyard of all working people in general, of therggéransition
and its associated standards and regulations.

The energy transition and the digital transitiom &vo profound transformational movements thatadeand
must be considered together. A structure cannabrbecmore energy efficient without measurements and
without data processing. Indeed, the smart griccept) the smoothing out of consumption peaks ared th
introduction of intermittent sources and storagelenrked to progress in energy management compuliag
such, the mission recommends that both transisbosld be regularly addressed in the companid®ingual
framework of social dialogue.

Initial and continuous training issues
Initial training issues

Since 2010 the Ministry of National Education ha&ei transforming its diplomas to take the new issue
related to the energy transition into account. Wk within the Professional Advisory Committees
(Commissions Professionnelles Consultatives, CRG)nmade it possible to revise the existing diploaras
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The National Agency for Housing (ANAH) is working particular to improve the energy performancehef t
private homes of low and very low income householdse majority of the National Agency for Housing
(ANAH) funding is ensured by extrabudgetary medms,main resource comes from the auctioning ofararb
allowances. Since 2019, €420mn/year from this nesoare dedicate to ANAH, i.e. a rise of €110mn
compared to 2017. Since 2018, the Agency beneéita & budgetary support of €110mn per year andesin
2019, from an extra receipt of €40mn for vacantoauoodation. In total, ANAH benefits, under area 1,
initiative 1 of the Big Investment Plan of €650mn.

! F

The main incentive measure for energy renovatiosacial housing is the social housing eco-loansThi
subsidised rate loan is distributed by the Caissdxpots et Consignations (CDC). The followingypession
of the ecoPLSs (Social housing loan = Prét logersecitl) signed since 2012 has been observed :

in 2012, 7,000 homes for an eco-PLS sum of €70m;
in 2013: 19,000 homes for a sum of €300m;
in 2014: 34,000 homes for a sum of €515m;
in 2015: 45,306 homes for a sum of €610m;



in 2016: 41,055 homes for a sum of €585m;
in 2017: 54,336 homes for a sum of €720m;

On average over the period, the provision per hisnadout €13,000, with a maximum amount of aidaset
€16,000 and €18,000 for a renovation achievindaiveenergy building status (Batiment basse consaioma
BBC) .

The goal is to renovate 100,000 homes per yeard®2 2vithin the framework of the Building Energy
Renovation Plan. As such, the Big Investment Péaks to meet this goal by unlocking 3 billion eusesveen
now and 2022.

Relief on energy saving work for rent-controlledubing (Habitation a loyer modéré, HLM) and semi-jmub
companies (Société d'économie mixte, SEM)

This tax expenditure entitled "Relief totalling egearter of expenditure on energy saving work, perty
tax contributions for properties built for HLM ongigations and SEMs" is intended to help with fugdine
energy saving work undertaken by social landlooigtie renovation of their social housing stock.dtder
of magnitude was €31m in 2014, €59m in 2015, €8020iL6 and €70m in 2017.

In 2016, more than 6,000 landlords benefited frbim $cheme.

It is proposed that the total budget be sized d#ipgron the progression of the eco-PLS (schemedoial
housing energy renovations - see above). The resultd be an average budget allocation of arour@ 35
million euros over the period.

Heavy building work - compliance and rehabilitatiohState buildings

The "State-owned Assets: Energy Efficiency" Dinextconsists of renovating State buildings thatndo
comply with thermal regulations. It has been ev&dajuantitatively to renovate 3% of the Statedinds
stock per year over the period 2015-2020. Wherbkshéng the scenarios, the SNBC retained the ¥atg
surfaces of renovated public building stock (inlimils of n?):

2016 2017 2018 2019 2020

Renovated surfacearea for the Sta

building stock (mn ) 1.559 1.514 1.460 1.522 1.563

Table 48: Renovated surface area of the buildinglsbetween now and 2020 (millions 6 m

The renovation of State buildings mobilises sevbralget programmes (programme 309 - maintenance of
State buildings, National Gendarmerie - 152, aildfence - 161, justice -166, etc.). The estimataduant
based on the figures in the transversal policy dwmnt, "combating climate change", ends in 2014 \arth
sum of €97.2mn.

Assuming that the cost of the heavy renovation wigkabout €210/m2, as an annual average oveetip
2016-2023, the amount of the total budget for #vation of the building stock is estimated at jusder
€200mn.

Contribution to financing the acquisition of cleaehicles

Programs 797 and 798 finance grants for acquirilegnc vehicles ("bonus/penalty”). The amounts in
commitment appropriations were €207.5m in 2016,582® in 2017 and €266m planned for 2018. These
amounts are covered by income from the penalty.

The Climate Plan sets the goal for ending saleswof cars emitting greenhouse gases by 2040.
Contribution for taking polluting vehicles off thead
Programme 792 finances the aid scheme for takitigtjpmy vehicles off the road ("conversion premigm"

The Climate Plan has boosted the conversion prenfiatrol vehicles registered for the first timedref
January 1997 are now eligible. All natural or legatsons may, subject to eligibility, receive anpem of



€1,000. An over-premium of €1,000 is paid to naxatde physical persons. This premium should leati¢o
scrapping of 500,000 vehicles between now and 2022.

7.5.2. Cost of support for REn

The costs of supporting the Heat Fund and the CGilféady take the announced changes in the carbon
component into account. These have already been fako account in estimating budget needs.

Heat fund

The heat fund was endowed with €1.9 bn in legalrodments over the period 2009-2017. As underlingd b
the Court of Auditors, this is an efficient systeith an average aid rate of € 4/MWh produced,dreund
€16/tCQ avoided, and a useful leverage effect (€1 fromhibet fund for €3 of investments).

In 2017, heat fund aid corresponded to budget stpfio
M?$3@
MO$3@
M:$3@
M;$3@

€11/MWh for heritage and territorial REn contratiisters of small projects concerning the same
+

€33/MWh for solar thermal (roofs and large surfaceas).

The forecast requirement for the heat fund wasnedééd based on the objectives of scenario B oR@28
MAEP and takes into account the carbon tax (Coutiob climat-énergie, CCE) trajectory: it increasgsto
2020, when the impact of the CCE alters the trajgatf the heat fund while maintaining an upwagjdctory
in TWh. Over the 2018-2028 period, the cumulatigedis about €3.21 bn.

Energy transition tax credit (Crédit d’'imp6t tratisin énergétique, CITE)

To achieve the MAEP objectives, the CITE requir@8G@n per year for renewable heat.

Reduction of VAT rates for heating networks

The table below shows the cost of the reduced \#& for heating and cooling networks to public fices
when the 50% R&REnN threshold is reached. This edérrakes into account the objectives set for étearks
by the end of the MAEP timeline:

Benchmark year 2016 2017-2023 2023-2028 2023-2028
lower option higher option
o5 65 70 75

Table 49: Cost of the reduced VAT rate for heatiatyvorks on public finances (€m)

The State supports the differential between thetidity sales price and the cost to the chanret Budgetary
cost must therefore be assessed according to ¢fected costs to the channels and the projecteagelsato
the sales price of the electricity produced by vatde energies. For each sector, the outlook fangas to
the expected costs is presented and followed lasa@ssment of the amount of budget support. Thosiaim
is broken down into the costs resulting from pregigovernment commitments and the new costs toosupp
new capacity.



Public support costs were calculated based on M#&d&aario A targets. This is the total budget thiitbe
allocated by the State to REn development to aehiieese goals. In the event of a greater cost tiediithe
allocated budget will enable the objectives of atienB in the MAEP to be met.

The costs already engaged are the ones linkedtto€@nders already attributed with contractgngd before
2018, December, 31and to projects with a purchase obligation thaetesked for to an obliged buyer. Thus,
it is not only the running installations at thealaf 2018, December 31but of more installations: depending
upon technologies, the installations begin to pcedeetween 2 and 4 years after the contract hasdigeed.

Two scenarios for electricity prices have beenistldo assess the public costs of support of rebewa
electricity. These two trajectories reach €56/MWid &42/MWh in 2028 for the average market price aned
stable after. The average selling prices of manewable energies are as follows:

2023 2028
Market price €44/MWh €56/MWh
Sale price for wind €38/MWh €46/MWh
Sale price for photovoltaics €37/MWh €43/MWh
Sale price for offshore wind €40/MWh €48/MWh

Table 50a: Sales prices of the main renewable éegngith a scenario that reaches €56/MWh in 2028

2023 2028
Market price €40/MWh €42/MWh
Sale price for wind €34/MWh €33/MWh
Sale price for photovoltaics €34/MWh €30/MWh
Sale price for offshore wind €36/MWh €36/MWh

Table 50b: Sales prices of the main renewable éengith a scenario that reaches €42/MWh in 2028

The average selling prices of renewable electriary lower than the average market prices of ebtagtr
because of the link between the installations pctdan in a same sector. The PV production, foranse, will
intervene at the same moment of the day for alPfiénstallations, and the rise of installed catiesiby 2028
will lead to a decrease of the market price oftelety during these hours, thus decreasing theaneselling
price of these installations. That is the priceduseassess the needs for public support.

Terrestrial wind turbines

2023 2028
Production costs of the new facilities €68/MWh €58/MWh
Cost already committed €21.5bn
Additional cost resulting from the goals of
the present MAEP €4.4bn €8.4bn
Total €34.2bn

Table 51: Assumptions and budgetary costs relatesdipporting the wind energy sector (€bn) with an
average market price for electricity of €56/MWHDR28

It should be noted that for this sector, a certaimber of installations will be released from theghasing
obligation during the course of the MAEP. It isuased that these systems will continue to produce few
years (at least 5) without receiving any support.



Photovoltaics

2023 2028
Productlon costs of the new ground-level €60/MWh €50/MWh
PV installations
PrO(_JIuctlon costs of the new large rooftop €73/MWh €60/MWh
PV installations
Cost already committed €39.6bn
Additional cost resulting from the goals of
the present MAEP €3.6bn €3.8bn
Total €47.1bn

Table 52: Assumptions and budgetary costs for stiimgathe photovoltaics sector (€bn) with an averag
market price for electricity of €56/MWh in 2028

The support costs for the sector heavily depenth@ulistribution across the different segmentsugdy large
rooftop, small rooftop. The assumption made in ri@deling corresponds to that of the call for teader
timeframe presented in the section on renewabtrigity. 60 % of the capacity will be developed on the
ground.

Bioenergy: biomass and methanisation

2023 2028
Cost already committed € 6.8bn
Additional cost resulting from the goals €0 0€
of the present MAEP
Total €6.8bn

Table 53: Budgetary costs of supporting the bionsassor (€bn) with an average market price for
electricity of €56/MWh in 2028

2023 2028
Production costs of the new facilities € 200/MWh €200/MWh
Cost already committed €4.8bn
Additional cost resulting from the
goals of the present MAEP €0.5bn €1.2bn
Total €6.5bn

Table 54: Budgetary costs of supporting the mesain sector (€bn) with an average market prige fo
electricity of €56/MWh in 2028



Offshore wind and renewable marine energies

2023 2028
Cost already committed €18.7bn
Additional cost resulting from the goals of
the present MAEP €0bn €6.7bn
Total € 25.4bn

Table 55: Budgetary costs of supporting the offslvaind and renewable marine energy sector (€brt) aiit
average market price for electricity of €56/MWHDR28

Geothermal electricity

2023 2028
Cost already committed € 0.7bn
Additional cost resulting from the goals of 0€ 0€
the present MAEP
Total €0.7bn

Table 56: Budgetary costs of supporting the geaotiadisector (€bn) with an average market price for
electricity of €56/MWh in 2028

Support for the promotion of injected biogas

The support costs for injected biogas were caledlah the basis of the production costs indicatele table
below, allowing the goal of 10% renewable gas iB® be achieved. If production costs do notdalmuch
as expected, the pace of construction of new ptamucapacity will be adapted.

2023 2028
Production costs of the new facilities €67/MWh €60/MWh
Cost already committed €2.3bn
Additional cost resulting from the goals of
the present MAEP €1.8bn €3.8bn
Total €7.9bn

Table 57: Budgetary costs of supporting the injgédtimgas sector (€bn)

7.5.3. Public service charges for electricity

The renewable energy development trajectories gealvfor in the MAEP will be implemented by incraesagi
in the public service charges for electricity.

In a scenario where the electricity market pricerages € 56/MWh in 2028, the total annual charges f
supporting the production of renewable electrigityuld then rise from € 4.8 bn for the year 2018 th8 bn

in 2023 and € 7.2 bn in 2028 for the RENn develogrhaseline scenario. The corresponding commitnemats
about € 30 bn, assuming a stable electricity greond 2030.



To be engaged to

Engaged expenses reach the 2028 Total
objectives

Terrestrial wind turbines 21.5 12.8 34.2
Photovoltaics 39.6 7.4 47.1
Biomass 6.8 0.0 6.8
Biogas 4.8 1.7 6.5
Geothermal energy 0.7 0.0 0.7
Hydraulic 2.5 1.1 3.6
Offshore wind 18.7 6.7 25.4
Total 95 30 127

Table 58a: Public costs for electric renewablesn)8lnith an average market price for electricity of

Additional amounts have already been allocatedippsrt cogeneration: they were €836mn in 2018 aitid w

€56/MWh in 2028

be €836mn in 2023 and €374mn in 2028.

In case of an electricity price at €42/MWh averagén 2028, the annual charges will be €7.1 bn in2é2d
€8.9 bn in 2028 for renewable energy. For cogeimrathe annual charges will be €870mn in 2023 and

€426mn in 2028.

To be engaged to

Engaged expenses reach the 2028 Total
objectives

Terrestrial wind turbines 25.4 25.3 50.8
Photovoltaics 42.4 15.1 57.5
Biomass 7.5 0.0 7.5
Biogas 5.2 1.9 7.1
Geothermal energy 0.8 0.0 0.8
Hydraulic 2.9 1.4 4.4
Offshore wind 21.3 11.0 32.3
Total 105 55 160

Table 58b: Public costs for electric renewablesn)8lnith an average market price for electricity of

€42/MWh in 2028
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Figure 80 Estimate for the evolution of public seevcharges to support renewable energies and
cogeneration (€mn)
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Figure 81. Estimate of the evolution of annual jubkrvice charges to support renewable energies an
cogeneration (€mn)






8. Local involvement
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8.2. Energy issues at regional level
8.2.1. Renewable energy resources

The potential capacity of renewable energies, winilgortant in all localities, varies in its comptisi by
technology.

The table below provides an ADEME evaluation of ttieewable energy capacities of each region. hvsho
that although some regions have a higher potent@hbly greater than 70GW (Auvergne-Rhéne-Alpes
(87.3GW), Nouvelle-Aquitaine (85.4GW) and Occita(rd.8GW)), all regions are capable of developing
renewable energies in their local area. The patlnéire, however, differentiated, which is why tiagional
approach is not enough and must be complemented bgod understanding of territorial issues. The
exploitation of this potential will depend on thechnical and economic conditions of the projeats, the
coordination of national and local incentive p@gi

Regions Renewable energy resources (GW)
Auvergne-Rhone-Alpes 87.3
Brittany 59.5
Centre-Val de Loire 37.5
Grand-Est 58.4
Haut-de-France 45.2
lle-de-France 33.3
Normandy 45
Nouvelle-Aquitaine 85.4
Occitanie 71.8
Pays de la Loire 53
Provence-Alpes-Cote d'Azur 445

Table 54: Renewable energy production potentiaidgyon (GW)
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8.2.3. Regional needs for investment in electricityetworks

Regional Plans for the Connection of Renewable giegrto the Network (S3RENR) are a major territoria
planning tool. They were established in 2012 aral/ @ central role in facilitating the developmefit o
renewable energies. Drafted by the transmissiotesysperator, in accordance with the distributipstesm
operators in question, based on the renewable yngegelopment objectives set by the Regional
Development, Sustainable Development and TerrltBagance Plans (SRADDET), they define the scope fo
pooling between producers of the cost of the atedtworks to be established, including the tramsgi@tions,
the source stations and the links between theostatWithin this pool, the same share must be pgidll
renewable energy producers connecting as part 8B&®EnR. This mechanism therefore makes it possible
avoid the barrier and windfall effects of the apation of the common connection fee applicabletewable
energies prior to the creation of the S3RENR, umdech the first producer whose connection requites
creation of a structure financed this structurea)avith the subsequent producers then benefiftorg the
available capacity free of charge.

The plans are established for ten years and caeviged based on the rate of deployment of renewabl
energies. Possible saturations of a plan are ashlte as to provide enough flexibility to allowntiouous
development of renewable energies, by establisimghe one hand, an adaptation procedure enadpliicg
adjustment of the existing plans to the rate of@gpent of renewable energies, if it is faster tkapected,
and secondly by specifying the procedures appkcablpart of the saturation of the plan.

The whole of metropolitan France is now covereddayonal plans. Some of them are already satufatadt
de France) and are being revised. The plans witebised after the approval of the SRADDET, in orae
enable the integration of the renewable energymehliprovided by these plans and by the currentanoge.

New facilities connected mostly on the distributgpid may require the creation or reinforcementhefbasic
structures of the upstream network, which will takgeral years to complete. These basic strudtueasfied
during the drafting of the S3RENR shall be integplain a coordinated way in the planning documents a
national and European levels. They must be suffilsienticipated in order to enable the renewablergies

to be received in timescales compatible with thaggut development times.

In order to guarantee overall coordination andcgdtion of the necessary investments in the nétsyahe
different levels of planning (European TYNDP, natibSDDR for RTE, CSDPE for national monitoring of
the distribution network investments, regional cokjees in terms of energy in the SRADDET or SRCAE,
regional S3RENR, inter-municipal PCAET) will be s@tent and mutually supportive.

While the company Enedis is the operator of th&idigion network over the vast majority of the otny, it
operates under local concessions on behalf ofitkeding authorities, the owners of the networkseske
municipalities and inter-municipal groupings, whiften exercise their powers through departmemieitgy
syndicates, play an increasingly important rolehmenergy transition, especially in the Energyn$iiion for
Green Growth Act (LTECV). In particular, the Loc@imate-Air-Energy Plans (PCAET) contain a dedidate
segment on energy networks, including electric#gworks, with forward-planning and forecasting floese
networks® In addition, the drive to support local developtnairenewable energies and electric transport has
recently strengthened local councils’ interestssuies regarding electrical distribution network atgment,
encouraging them to bolster their roles in relgtegjects. Together, these aspects reinforce thectivie
interest in improving local governance betweenvrgous parties involved.

This need is all the more significant given thablpicontracting authorities play a significante@h directing
investments towards electricity networks, notablyural areas via the “CAS Facé” (France’s eldcaifon
financing programme for local councils). The LTE@Waces inter-municipalities at the heart of this
governance model, giving them a coordinating raleéhie energy transition of their local region. Trarg
therefore responsible for federating the activitidspublic and private operators in order to achi¢he
objectives set out in their PCAET.

92 Please refer to the section on energy interastfior more details
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The Energy Transition for Green Growth Act introddcthe possibility of implementing experimental
processes, aiming to optimise the management ofrigigy flows between consumers and producers on a
local level, across portions of the public disttibo network.

O o
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-  FLEXGRID, led by the Regional Council of Provencipés-J E"/
- ,3< % # 2 <
- YOU & GRID, led by the European Metropolis of Liked the Regional Council of Hauts-de-France.

Each of these programmes encompasses a portfoBmaft grid projects linking multiple local openatp
notably focusing on auto-consumption and energyrobras well as the integration of renewable eigsrgnto
the network, electric vehicles, data managemerfopias, and cybersecurity. FLEXGRID and SMILE also
benefit from €80M in dedicated investments fromwek administrators RTE and Enedis. These initegiv
will now help to accelerate the development of Haistor, while also serving as an industrial “shaam” for
French expertise in the field of smart electrioatiworks.

8.3. Ecological Transition Contracts (CTE)

Announced as part of Climate plan in July 2017 b tool of ecological transition contract laundhwy the
ministry for ecological and solidary transition aino support the territory ecological transition.

The approach was given an initial framework atethe of 2017 with the publication of a CTE doctriwhjch
was presented at the national territorial conventithe experimental process was launched in e@d ®»n
a voluntary basis.

The method has been precised in 2018, May, onahis lof the first works. The first partnership ¢bes has
been signed in July during a National forum forlegal transition contracts where 160 persons magional
or regional civil servants and concerned collet@si

The first phase for experimentation is soon clogedreas are today involved in a CTE way of thigki
contracts have been signed since 2018, Octobeil] Bavsigned in 2019, February, and 2 others by20
April. Such a procedure will also be engaged in 4hareas concerned by the shutdown of the electric
production with coal.

A second phase of experimentation is programmext 2019 January, and will go on during the firshaester
with new areas in order to implement a CTE in eaelropolitan French region. All the learning willefd in
a methodological kit to implement CTE during thes®l semester of 2019.

The drawing up of a CTE is realised with local potg between State and local authorities, wittthel
stakeholders, in priority with companies to mergelegical transition and economic growth.

A CTE is composed with an action program with ge@ommitments between partners and objectiveswhic
are monitored over time and assessed.

It is the specificity of the “CTE method”: the caete projects have been developed between padndrare
ready to begin when the contract is signed, afsdraat and very intensive period of elaboratio® ofionths.
Each action of the CTE has a documented paperallithe details related: actors involved, calenofar
implementation, and financing plan.

With the CTE, the State tries to facilitate progedt involves technical and legal knowledge amdhficial
procedures for the projects. It tries to facilitatesimplify with specific projects. It involves plic agencies,
in particular ADEME with objectives territory coatits and the CDC as territory bank, and othersagen
depending upon contracts: CEREMA, Agencies for wateench agency for biodiversity, VNF, ANAH,
ANRU...

The Departments and Regions each have a role yarpthe CTE initiative, both with regard to thelgtia
policies they oversee and their duty to providepsupto inter-municipalities. The Regions have sigithe 4
first CTE.

This procedure on the whole territory allows tosup the project developers (local authorities, panies
association): project building, go-between, advalating to administrative procedures...



Renewable energies, new mobilities, new green psadaal sectors, industrial conversions, evolutibn
production process, healthy and high quality fostprt processes for agriculture, natural resources
management, circular economy, biodiversity: all fledds could involve a structural evolution foregn
growth and can be incorporated in a CTE.

Examples of energy or ecological transition prgject

Renewable energies and energy efficiency: buildih@ regional technocenter on methanisation,
building of a NGV station and switch to NGV for thes fleet, collective self-consumption projects
on an economic activity zone, potential solar plastallation register, energy-efficiency works on
built heritage, development of new training prognaen(renewable energy, thermal renovation, smart
energy systems...)

Mobility: cycle paths, multimodal hubs, intercompaand interagency mobility plans to decrease
urban displacements, territorial mobility plan, timg a canal back into operation, set up of third
places...

Natural resources: establishment of natural resefgearry sky” certification, steam restauration...
Innovation and companies: information and orientatientre, counselling for innovative SMEs...

Quality of life: brownfield land rehabilitation, baplding and promotion of hedgerows, flood
prevention...

Sustainable agriculture: development of organidcafiure and local distribution channel, new
training programme in agricultural college, qualitpgrading of local products, territorial food
programme...

The CTEs represent two major innovations.

CTEs are drawn up based on projects led by locadabprs, backed by the coordinated mobilisation
of every available institutional support service.

The CTEs assemble different types of projects bedmged out within a given area under an integrate
approach, intersecting the three goals of the gomb transition: environmental performance,
economic development, and social and professionghtions. The integration of companies within
the process is a major objective of the CTEs.
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9.0. Summary

Background and Objectives

The Clean Mobility Development Strategy (SDMP) isyided by the law of 17 August 2015, the Energy
Transition for Green Growth Act (LTECV). This skgly, annexed to the Multi-Year Energy Programme
(MYEP), is the second SDMP, the first covering 2@16-2018 period. The current SDMP presents the
guidelines and actions planned for the 2019-2028 2024-2028 periods, in order to meet with France's
objectives and commitments in the fight againstglovarming and lower energy consumption, and in
particular:

I 41782 " > 47 4?11

The Energy Transition for Green Growth Act (LTE@@15), which sets different targets for reducing
greenhouse gas (GHG) emissions, reducing end-usgyeiconsumption, and increasing energy

The Climate Plan, announced in 2017, which maddatget more ambitious by aiming for carbon
neutrality by 2050.

Reaching carbon neutrality in 2050 entails totatlypping greenhouse gas emissions in land transplamd
navigation and domestic maritime transport secadttser through transition to electric motors orotigh
transition to decarbonised alternative fuels. Tovamlete conversion of the car fleet (carbon-freergyn used
by vehicles and vehicle energy efficiency) alonghvihe development of alternative fuel refuellirigti®n
infrastructures is vital. Nevertheless, other medaange to be launched in order to mitigate energyai:
shifting traffic to the least polluting and the mesergy efficient means of transport, control ted energy
demand, optimisation of vehicle use.

This strategy takes place in the context of thevarg up of the mobility law. It will reform deeplye general
framework of the mobility policies to offer displment solutions which meet citizen’s expectatiomswhich
are in line with environmental constraints. Manggine environmental impacts of the transportatesiar is
necessary regarding to France’s commitments lgialso a demand widely shared in the society guabéic
health issue. It corresponds also to an econorissak (purchasing power): having vehicles moregner
efficient and fostering alternatives against indial car-driving lead to a reduction of greenhogss
emissions, a reduction of pollutants emissionseaielcrease in the dependency from expensive éssigies.

Scenarios and trajectories for the development ofahicle fleets
Scenarios

This strategy sets out in particular the approdctn® National Low Carbon Strategy (SNBC) basedaon
quantified baseline scenario to enable the estabbst of five-year carbon budgets consistent wghabove
objectives.

The SDMP in particular identifies assumptions fue tevelopment of vehicle fleets, the growth oulémy

the number of charging stations for the developnwndlternative fuels, changes in consumption @& th
different types of energy by transport and the psgjal approach for each of the levers (decarbooisafithe
energy consumed by vehicles, energy performaneelitles, managed growth in transport demand, modal
shift, optimisation of vehicle use). It complemetiie SNBC baseline scenario with a scenario basdtie
MYEP.

The energy price scenarios are based on a 2020fey8Bwork set by the European Commission in r@fati
to the greenhouse gas emissions of Member Statey. are based on an increase in the price of flusds
(+41%, +46% and +25% for oil, coal and gas respelgtibetween 2018 and 2028).

For the baseline scenario (scenario with additi@BC measures), the economic growth assumptians ar
1.4% per year on average from 2015 to 2028. Ovestime period, population growth is assumed @.5%
per year on average. This scenario assumes a 28@&age in passenger traffic and a 40% increageight
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For the production of these scenarios, the maidajimes and courses of action are notably derikau the
Consultative Meetings on Mobility and the draft M Law (LOM).

Enabling all areas to benefit from clean mobilitynd freeing up innovation

Make clean mobility accessible to all by provide@ch area with a Mobility Organisation Authority
(AOM) and extending the role of the AOMs to activeshared mobility and mobility services of a
social nature. The objective is to ensure that aeysan choose its mobility within a range of se¥sic
of mobility more diversified, more efficient, mocennected, more shared in any area.

Facilitate experimentation and implementation iwmneobility solutions, including driverless vehicles
travelling on public roads through a dedicateddkgive and regulatory framework.

Managing mobility demand

Optimising travels by implementing incentives prwess, enhancing the role of employers and the
coordination of local public authorities and giviimgentives to companies to adopt action plans to
reduce emissions on the whole logistic chain.

Promote more virtuous behaviours by implementinvg-émnission areas in conurbations and valleys
affected by air pollution issues.

Developing low-emissions vehicles (included rivega and air ones) and improving fleet efficiency by
building on the alternative fuels market

Set ambitious growth targets for the market shal@wemission (light and heavy) vehicles and using
purchase and tax incentives to achieve these $ardtnus-malus, grants to switch vehicle),

Support this development through the deploymerdliinative fuel distribution infrastructures by

increasing funding for electric charging statiosig)plifying the right to install charging faciliseand
&+

Promote energy efficiency of river and sea domesditsport and reach the carbon neutrality, allgwin

the distribution in low carbon energy in every Faemarbour and facilitating the switch to other low
L+

Limit air transport greenhouse gas emissions willgehenergy efficiency improvement and an
important switch from fossil fuels to biofuels (5%

Favouring modal shift for passenger transport

Developing multi-modal mobility as a result of thecelerated opening of the data and the possibility
for the actors to offer a journey planning anddickayment service integrating all links for thensa

Boost the share of active modes in daily mobilipyckeating a national fund of €350M to make cycling
safer (secure parking, anti-theft tagging of bicled, bike box at traffic lights...) and creating
incentives (grant for + : +

Develop public, shared and collaborative modesaridport by investing in rail infrastructures, in
collective transports, in clean mobility througHlgdor tender and by encouraging the use of shared
transport thanks to a sustainable mobility graik dedicated ways.

Promoting modals shift and freight transport towasdiver routes and railways and improving efficieyc

Streamline urban logistics by taking them into aectan planning documents and by overseeing the
activity of digital platforms.

Develop mass modes for freighly increasing investments in mass transport itrisagires
(railways, river routes and ports).

*4
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While the strategy set out in Article 40 of the IO¥ focuses on land transport, it is useful to mamtihe
contribution of other modes of transport, suchiasiad maritime transport, to the development efoer
mobility.

The monitoring of the SDMP will be made at the sdime as the monitoring of the Multi-Annual Energy
Plan, via the monitoring indicators defined in BRRE and related to the transportation sector.

9.2. Public policy framework

9.2.1. The international framework of the fight aganst climate change

All countries worldwide are concerned about glolatrming. France has been internationally invohviedes

the start of the development of an internationdicgdo combat climate change under the auspicethef
United Nations. By approving the Paris Agreemer0a5, the States undertook a commitment to aotep

global warming under 2°C by 2100, by stepping dpré&f to avoid exceeding 1.5°C.

The international agreement drawn up under thedfreresidency deals, in a balanced way, with asttowi
— i.e. efforts to reduce greenhouse gas emissicarsd-with the adaptation of societies to existihgate
disruptions.

The “Paris Climate Alliance” is broken down intaufocomponents:

1. Auniversal agreement that establishes rules amthamésms that can progressively raise the ambition
4z

2. The presentation by all countries of their natior@htributions in order to create a knock-on effect
and to demonstrate that all States are moving;dordance with their national situations, in theea

3. The financial component helps support developingtiees and finances the transition to low-carbon,
resilient eco

4. Enhanced commitments of civil society and non-saaters in order to involve all actors and to start
specific actions quickly.

Emissions from international shipping, like airnsport, are not subject to national contributiorss-these
modes of transport are exempted from the Parisekgemt — but their emissions are regulated by their
international bodies, the International Maritimeg@misation (IMO) and the International Civil Avieri
Organisation (ICAO).

With regard to maritime transport, in April 201&ttMO adopted a decarbonisation strategy compatifite
the objectives of the Paris Agreement. For aviatibe ICAO has developed a "basket of measurelship
the impact of aviation on climate change.



9.2.2. The European framework
European Low Emissions Mobility Strategy

In Europe, the transition to a low-carbon, circldaonomy has begun and is accelerating. In Julg,20&
European Commission adopted a Low Emissions Mglsfiitategy, which sets out the European approach to
meeting the challenges of reducing emissions amthttreasing mobility needs of people and goods.

The main elements of the strategy are as follows:

Increasing the efficiency of the transport systegnniiaking the most of digital technologies, by
applying smart pricing — adapting prices to demidunctuations — and by continuing to encourage the

Accelerating the deployment of renewable or biorsed alternative fuels in transportation, such as

advanced biofuels, biogas, renewable electricity remewable synthetic fuels, and also by removing
*+

Moving towards zero-emissions vehicles. If furtimeprovements to internal combustion engines are
needed, Europe must accelerate the transitiomtodad zero-emissions vehicles.

Finally, the strategy reaffirms Europe's commitmenparticipating in the global effort to combat GH
emissions from international aviation and maritimassport.

Clean Mobility Package

Passenger transport and freight are expected o igr&urope by 42% and 60% respectively by 2050s Th
sector directly employs almost 5% of European warkee. 11 million people. As a result, in 2012 th
European Commission proposed "packages" for clednility to address the specific challenges of reector
development in Europe. These "packages" are safriesw legislative proposals concerning the govecea
of road transport in Europe. The European Commissadls on all stakeholders to work closely togetoe
ensure that these measures are put in place assqmssible.

The first clean mobility packageincludes many initiatives to make road traffic esafencourage next-
generation routes, reduce £@missions, air pollution and congestion, simpafyministrative procedures,
combat illegal employment and improve the workingditions of truck drivers.

The second package (November 2017) proposes tbaviiof) measures:

New targets for the reduction of @@missions from light vehicles, to nudge manufaatuto innovate
and produce low-emissions vehicles. This includegets with two timeframes:

- 4148
- 2030, to provide stability and a long-

Action and investment plan for the trans-Europeaplayment of alternative fuels supply
infrastructures through a €350M call for projett®, aim of which is to raise the ambitions of naio

The revision of the Combined Transport Directivdiickh promotes the combined use of different
modes of transport for freight, and wil

The Passenger Bus Directive, to stimulate the deweént of connections between long-distance
buses across Europe and offer alternatives togbeotiprivate cars. This will help reduce pollutant
emissions and road congestion by offering new, maoseand affordable mobility options, especially
for low-

The battery initiative is of strategic importanoethe EU's integrated industrial policy, so thehicles

Ad 4 +4



and other mobility solutions, as well as their comgnts, are invented and produced in the EU. The
Commission proposes €200M between 2018 and 202Mdtiery development and innovation,
through national initiatives.

The third and final component (May 2018) involvésbgl communication, several proposals for regofei
and guidelines, action plans and evaluation rembvided into four sections:

Improving the environmental and climate performawnteroad transport: a set of proposals for

technical and regulatory adaptations (minimum stadsl for CQ emissions for heavy vehicles,
*4

Enhanced road safety: a new target of halving theber of road deaths and serious injuries between
2020 and 2030, new standards for infrastructuretgahanagement and the requirement for car
*+

Preparing Europe for the future of mobility througktrategy

Simplifying procedures (digitisation of administv@ documents, simplification of rules for the
priority projects of the trans-European transpatwork, simplification in the area of maritime
transport).

9.2.3. The national framework

The Climate Plan, adopted on 6 July 2017, carriggang commitment from the Government regardirgg th
fight against climate change by aiming for carbeutrality by 2050. This ambitious goal is in lingtiw
France's long-standing commitment to the fight agfatlimate change, and contributes to the impléatiem

of the Paris Agreement while respecting the prilecyf climate justice.

The transport sector must, like all other econogrictors, play its part in the overall goal of carbeutrality.

A number of measures have already been taken t@ rolglan mobility accessible to all and to develop
innovation. The Consultative Meetings on mobilitythe secondalf of 2017 provided an opportunity for an
in-depth consultation with stakeholders and citizen build, in partnership, a Mobility Law (LOMJhe
measures outlined in the LOM are included in Part 4

The Climate Plan reinforces the political ambitidingt France has adopted under the LTECV. The &isvas
broad framework for energy policy, which must, artculaf*:

Foster the emergence of a competitive and job-

Maintain an internationally competitive and attiaetenergy price and control consumer energy

Protect human health and the environment, in pdatidy combating the worsening of the greenhouse
) /
Contribute to the establishment of a European Bniergon.

The LTECV covers the European commitments and m®pambitious national targets in terms of enéngy,
particular:

In 2020: 23% of energy consumption from renewable 4171

By 2030:
-40% greenhouse gas emissions (compar@dAdl+
-20% of end- . 41?24+
A 2 0 & & 5
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Figure 5: Greenhouse gas emission reduction trajggicarbon budgets and fourfold target in 2658ource:
DGEC

In accordance with the objectives set by the 28&5 the previously approved strategy aimed to barfbld”

i.e. it seeks to achieve a four-fold reduction $J5n greenhouse gas emissions by 2050 compar8ao.

In accordance with the Climate Plan, published uty 2017, the SNBC review incorporated the more
ambitious goal of carbon neutrality. Hitting thedet will require an almost total decarbonis&fiaf the
energy produced and consumed in all sectors ofigctnd in particular in the transport sectoreTbllowing
chart details the revised carbon budgets undengiheSNBC.

The SNBC and the carbon budgets are adopted bgelébhe law specifies that public decisions (Stata|
authorities, public institutions) in the areas camed must take it into account. The Multi-Year igye
Programme must be compatible with the National IGawbon Strategy.

In application of the Energy Transition for Greeno®th Act of August 2015 and, in particular, of the
objectives that it set, the Multi-Year Energy Paogme defines the priorities of the Governmenttierdnergy
system. A Multi-Annual Energy Programme is estddadisfor the metropolitan French mainland, and aroth
for each non-interconnected zone, notably the easrdepartments. It covers all energies and atine time
the supply of energy, demand control and the emwlutf the networks which connect them. The Mukia¥
Energy Programme adopted for the first time in ®et®2016 sets the priorities for the 2016-2018 201D-
2023 periods. It is then revised every five yearaasliding scale. The second covers the 2019-2082024-
2028 periods.

The actions provided for by the Multi-Year Energp@ramme must particularly make it possible to clymp
with the "carbon budgets" set by the National Loarlidn Strategy. It must also contribute to achigvire
air pollution reduction objectives defined by thatinal Plan for Reduction of Atmospheric Pollutant
Emissions (PREPA).

Certain planning documents must be compatible thighMulti-Year Energy Programme:
! 3 :

The National Biomass Mobilisation Strategy whiclmaoag other things, secures the supply of
individual and collective wood-




The Employment and Skills Programming Plan, whidhdefine skills and employment development
requirements in the territories and in the profassi sectors, in respect of the ecological andgner

The energy component of the National Energy Rebeaiategy.

9.2.4. Coordination with public policies and sectal benefits

Public action for sustainable transport systemsraobiility is among France's commitments to comibatba)
warming, atmospheric pollution, and improving enegjficiency. It contributes to the competitiveness
objectives of the economy and local areas, hesditial support, employment and purchasing powesli®u
action also falls within a framework set, as theecmay be, by subsidiarity, at European level andithin
international organisations such as the IMO orl@&O. The benefits of implementing a strategy foe t
development of clean mobility are multiple: loweyithe environmental and health costs of atmospheric
pollution, increasing the purchasing power of consts and preserving the competitiveness of indasstri
reducing the consumption of resources and Frengeritkence on fuel imports, and job creation. The
development of clean mobility thus lies at thernsgetion of a range of transport policies with urbad spatial
planning policies, energy and environmental posicigarticularly those relating to air quality, aslhvas tax

policy.

The mobility of people and goods cannot be concewighout an overall understanding of spatial plagn
urban and rural, and of France's integration irogean and global transport strategies. Urban npislboth
an element and a product of the design of conuhsitiThe law has planning tools for anticipatingl an
organising urban changes in order to save lanccanttol urban sprawl.

Finally, beyond the tax incentives for the develepitof clean mobility, it appears that the predidity for
stakeholders of the tax framework over a periofivefto ten years is crucial in enabling decisioaking in
favour of lower carbon-intensive, cleaner, and nedfigient transport.

9.3. Elements on mobility in France and its enviromental impact

9.3.1. Contextual data

941.3 billion passenger-kilometres were travelledFrance " 2017 the majority being private transport,
possibly shared (PC, LCV and two-wheeldrsThe share of maritime transport, not shown i gnaphs
below, remains marginal. 28 million passengersquafisrough the main French ports in 2017.
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the stations were deployed directly by local autles and 92% received financial support underRbeire
Investments Programme (PIA). The majority of chaggstations open to the public offer a normal cbaaj
which 37% are stations with loads of 22kW, and stétions (8%) offer a strong power chafge

Certain French sea and river ports, such as thed3art Maritime of Marseille (GPMM), are embarkiog
the electrification of ships at berth to reducd ftmsumption at each port stopover.

CNG and LPG

With regard to fleets of road transport vehiclegiance running on natural gas vehicles (CNG) drahgas
or biogas (bioCNG) released for consumption in c@sped form (CNG) or liquefied (LNG) — and liquefie
petroleum gas (LPG), as of 1 January 2018, thdydied:

Private vehicles 2707 of which 86% is bi-fuel + 1A%tural gas

Light commercial vehicles 8045 of which 78% is bef + 22% natural gas

HGV 1997 of which 0.2% is bi-fuel + 99.8% naturakg

Private vehicles 2707 of which 86% is bi-fuel + 1A%tural gas

Buses and coaches 2437 of which 0.5% is bi-fuelhgaisral petrol and 99.5% natural gas

Source: MTES/SDES-RSVERO, fleet estimates.
Table 3: Number of vehicles running on CNG as ¢d0/2018%

Private vehicles 144,373 of which 99.9% is bi-fti€).1% natural gas
Light commercial vehicles 13,092 of which 98% idfuml + 2% natural gas
HGV 32 of which 62% is bi-fuel + 38% is natural gas
Buses and coaches 70 of which 26% is bi-fuel + Blf@atural gas

Source: MTES/SDES-RSVERO, fleet estimates.
Table 2: Number of vehicles running on LPG as ¢00/R018%

CNG and LPG have environmental benefits comparettaditional fuels such as petrol and diesel. The
introduction in 2016 of over-depreciation for CN&alwy vehicles led to a sharp rise in sales of theb&les,
with a five-fold increase in the total fleet.

In terms of CNG distribution infrastructures in thational territory, there are 87 public statidns|uding 63

stations distributing CNG and 24 distributing LN€& Some have received financial support under tharu
Investments Programme since 2016 (“CNG mobilitggnated solutions” call for projects). The statioas

be for quick filling, for trucks or LV, or slow fihg, for local authority buses whose tanks fill dgring the
night.

Hydrogen

As far as hydrogen is concerned, the fleet is @ity small. It consists of 73 private cars, tensvand one
specialised heavy self-propelled vehitlewhich benefitted at the end of 2017 from 20 fijlistations, half of
which were private statiof$.

103 A charging point can also be characterisedstechnical specificities, and in particular theximum capacity at
which electricity can be transferred from the chaggstation to the electric vehicle. For this doeunt two types of
charging points have been selected:

- Normal charging point: power less than or eqa&@2kW (kilowatt)
- Strong power charging point: power above 22k\o{katt)
, - " 1 " 1 1 " &

105 This includes 100% LPG vehicles and petrol-ldt@uel vehicles and super-ethanol-LPG biofuels.

106 Source: OpenData Gas Mobility

107 Source: MTES/SDES-RSVERO, fleet estimates.

108 Source: AFHYPAC — February 2018



Walking accounts for a quarter of all urban traféle modal share of cycling remains low today, acting

for 3% of daily trips and 2% of commuting to wék The dynamism experienced by cycling is confined t
the city centres of some major cities — of moranth@0,000 inhabitants — where the modal share $omeet
exceeds 10% (Strasbourg, Grenoble, Bordeaux). ande; around 45,700 self-service bicycles (VLS) are
available in 36 cities, including 20,000 in Tle-Beance, for a total of 3550 statidHs There are also 35,000
secure parking spaces at train stations and irceityres'.

Electric-assisted bicycles have grown exponentiallgr the past ten years and now represent a mafket
about €400M, with around 255,000 sold in 2017, alintevice as many as in 2016.

In 2017, use of intercity routes — cycle routeacreéased by 8%7. Since 2013, the increase is 18%.

On average, car occupancy rate is 1,63. Car occypates vary with the distance travelled. It isenthan 2
for trips over 200 kilometres and ranges from 1.fofor commutingt®. The trend in private vehicle occupancy
rates varies according to geographical area ansgelmld characteristics, but carpooling can helipdoease

it. Most carpooling trips are currently focusedredium- and long-distance journeys and not on cotimau
to and from work. In 2015, 11 million long-distartaps were made by car-poolers, representing hbtese
tripsti4,

9.3.2. Findings on energy consumption in the trangpt sector, its emissions and
Impacts on health and the environment

In 2016, transport represented 31% of France'susadenergy consumption. Between 1990 and 2002,
transportation consumption increased significanthansportation consumption remained relativelyblsta
between 2001 and 2008, in line with other actisitgtors (industrial, agricultural, building). Sirtben, it has
been declining, but more slowly than in all othectsrs. For two years, it increases slightly mabegause of
temporary circumstances like the price of petrolguoducts and traffic increase.

Road transport alone accounts for 94.1% of theoss@nergy consumption. It is followed by air, wit.2%,
then rail and maritime and river with 1.8% respesii.

109 Source: MTES/SDES — CCTN 2017.

110 Source: MTES/SDES — CCTN 2017.

111 Evaluation study on bicycle services — Aden@d 62

112 Analysis of cycling use data 2017, Departmantscycling regions.
113 National Study on Short-Distance Carpoolingdere, 2015.

114 Source: MTES
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Emissions of atmospheric pollutants pose signifidaealth problems. In France, atmospheric polluign
responsible for around 48,000 premature deathsas yearly 10% of total mortality? in addition to
significant morbidity (respiratory and cardiovasguldiseases, lung cancer, etc.). In June 2012, The
International Agency for Research on Cancer (IAR@}t of the World Health Organization (WHO), ciéiesl
diesel engine exhaust as a carcindgfeNO,, in addition to causing respiratory and cardioutatdiseases,
contributes to the acidification and eutrophicatdenvironments. Like CO, it is a gas that is ifwea in the
formation of ozone.

The cost to society of air pollution has been estéd in France at €30Bn per year, including neétlgn
directly borne by the health care syst&m

The health impacts of air pollution come mainlynfroegular exposure to pollution, more than poliuf@aks.
It is therefore the reduction in background levaiollution (annual average) that will maximisealib
benefits. In its air quality guidelines, the WHOshdefined threshold values beyond which air paitutis
harmful.

9.4. Trajectories for 2023-2028

This section outlines the underlying assumptioregitis the modelling and explains the results ofrtivelel
in terms of energy and greenhouse gas emissions.
9.4.1. Assumptions used in the modelling

The Following orientations and measures enablediify the parameters used to draw up the scendries
following table summarises the link between thesspicts:

121 “La prévention de la mortalité attribuable @ddlution atmosphérique: pourquoi agir maintera(®reventing
mortality attributable to atmospheric pollution: yact now?)” Public Health France, 2016

122 The IARC working group also concluded in 20 fpetrol engine exhaust is potentially carcindgemresult that
remains unchanged from the previous assessme@86f 1

123 Source: MEEM, 2012.
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Parameters to draw up the
scenarios

Matching between orientations and measures

Massive electrification of
individual vehicles

Setting ambitious growth targets for the marketaslud electrical
vehicles and using purchase and tax incentivestieae these targets
(bonus-malus, grants to switch vehicle), accompanygil people.

A more balanced energy mix
for freight transport

Development of low-emission vehicles, of alternativels and
deployment of alternative fuel distribution infragitures.

International transport
decarbonation (inland
navigation, maritime transport
and air transport)

Promoting low-emissions maritime and river transp@ strengthened
ecological criteria and via incentives for altervatfuel use.

Limit air transport greenhouse gas emissions witehenergy efficiency
improvement, an optimisation of air navigation @dgres and an
important switch from fossil fuels to biofuels.

Vehicle energy efficiency

Replacing fleets of companies, the State and kathlorities by
enforcing a minimal share of low-emissions vehicles

Modal shift from car to active
means

Boosting the share of active modes in daily mopbiy creating a
national fund of €350M to make cycling safer (segoarking, anti-theft
tagging of bicycles, bike box at traffic lights..pdcreating incentives
(grant for sustainable mobility) and more accessfbycling
proficiency).

Modal shift from car to public
transport and vehicle use
optimisation

Developing public, shared and collaborative moddsamsport by
investing in rail infrastructures, in collectivatrsports, in clean mobility
through calls for tender and by encouraging theofishared transport
thanks to a sustainable mobility grant and deditatays.

Modal shift and improving
freight transport efficiency

Streamlining urban logistics by taking them intec@ant in planning
documents and by overseeing the activity of digitatforms.
Developing mass modes for freight by increasing@gtments in mass
transport infrastructures (railway, river routesl gorts)

Managing mobility demand

Optimising travels by implementing incentives prawess, enhancing
the role of employers and the coordination of Iqualic authorities.
Promoting more virtous behaviours by implementmg-Emission areas

P

in conurbations and enable them to establish coiogesharge.

Macro-economic assumptions

Baseline and alternative energy scenarios

The energy price scenarios are based on a 202tBfEamework set by the European Commission in
relation to the greenhouse gas emissions of MeBtades in 2017. These scenarios are based ongvale
above those recorded for 2016-2017.

2018 2023 2028
Oil (€2013/boe) 64 81 90
Coal (€2013/boe) 13 16 19
Gas (€2013/boe) 44 51 55

Table 6: International fossil fuel prices (in 20&8ros, per barrel of oil equivalent)

The economic growth assumptions are taken fronkEthepean Ageing Report, i.e. an average of 1.4% per
year between 2015 and 2028). Over this same peyamijlation growth is assumed to be 0.5% per yrar o

averagé&,

124 Source: Population projections for France 200380, Insee — Results no. 187 on Society, Nove20£8.

14



The law requires the MYEP to put forward an altéuesto the baseline scenario, to assess the ingbact
different macroeconomic situation and the consecgeon energy supply and demand, as well as oficpubl
policies.

The alternative includes the following changes:

( : ) +
?15
growth: 1.7% from 2020.

The emission reduction targets for 2030 for alt@escare set by the Energy Transition for Greenn@na\ct
(LTECV), partially listed in 1.3.

The baseline scenario for the MYEP and SDMP ig¢hiesed SNBC scenario for 2018-2028. This sceniario
therefore in line with the SNBC's long-term appiganotably carbon neutrality by 2050. This baseline
scenario was developed under the auspices of dngteammmittee consisting of departmental and satto
experts. It outlines a possible sectoral trajectoryeducing greenhouse gas emissions until canleoitrality

is achieved by 2050, used as the basis for thaitlefi of carbon budgets. It is not prescriptivat indicative.

It does not offer an action plan, but serves assaline, in particular for defining carbon budgetd providing
elements for monitoring the management of the gnénansition. The data below should therefore be
understood as assumptions resulting from techeicahomic discussions between experts, stakehcdaers
administration.

The main approaches and measures included inahgport scenario are as follows:

Electrification, about three times more efficidmamn thermal solutions in terms of energy perforreanc
is prioritised, especially for private vehiclesnfalst 100% of sales of private electric vehiclesrnfro
4101+

An approach involving a more balanced mix (renewajds, electricity, biofuels) is proposed for
freight.

Gradual decarbonisation of international transgawiation and maritime) using biofuels and biogas
is considered as part of a 50% decarbonisatioetég2050.

Significant efforts made in terms of vehicle e#iacy, in particular thermal vehicles.

The increase in traffic is channelled through adido control rising demand, modal shift and
optimised vehicle use to limit energy demand.

Private cars

As part of a continuous development trajectory, &itd the aim of ending sales of thermal vehiclgs b
2040, the share of electric and plug-in hybrid ekds will grow rapidly, reaching 38% of sales by220
Given fleet renewal times, the share of electrit plug-in hybrid vehicles would reach 16.5% of leet in
2028, or 4.8 million vehicles in circulation by theear.

There are 150,000 LPG-powered vehicles in the.fldeG provides a substantial environmental gairr ove
petrol or diesel. It can reduce emissions fromtédggpassenger car fleets with little investmenplblic
authorities.

It is therefore consistent with national objectiaesl provides a viable alternative in the periottafisition
of the private vehicle fleet to vehicles with lomary low emissions.

In view of the end of the use of thermal vehiclgB50, the consumption of LPG could follow a dymam
similar to that of petrol consumption.

PV 2017 2023 2028



Electric 1.25% 7.00% 27.00%

0.60% 7.00% 11.00%

Plug-in hybrid vehicles

Table 4: Evolution of the market shares of theedfifit engines in new private vehicles
NB.1: Given the low volume of registrations (0.06¥sales in 2017), no precise quantified trajectery
available for the registrations of LPG vehicles.

As of 01/01/2018 2023 2028
Electric 89,000 | 660,000 | 3,000,000
Plug-in hybrid vehicles 28,600 500,000 1,800,000
Gas (LPG) 150,000 150,000 150,000

Table 5: Evolution of the fleet of private vehidlesirculation

Light commercial vehicles (LCV)

Data on electric vehicles are aggregated with tifimsplug-in hybrid vehicles (short- and mediumnater
timeframes, in a transitional approach and to sttpgean mobility of all sectors) and hydrogen véds.

2017 2023 2028
Electric, plug-in hybrids and hydrogen 1.40% 7.60% 24.00%
CNG 0.10% 2.30% 3.70%

Table 6: Evolution of the market shares of theeddffit engines in new light commercial vehicles

As of 01/01/2018 2023 2028
Electric, plug-in hybrids and hydrogen 31,500 170,000 500,000
CNG 8200 40,000 110,000

Table 7: Evolution of the fleet of light commeraiahicles in circulation

Heavy vehicles

The development of heavy vehicles is based on:
An assumption of major development of CNG in thekrfleet: 60% of HGVs powered by CNG

within in 2050.
An assumption of development of electric HGVs: 30PHGV registrations in 2050.
2017 2023 2028
CNG 1.60% 12.00% 21.00%
Electric (including hydrogen) 0.00% 1.00% 5.60%

Table 8: Evolution of the market shares of theedifit engines in new HGVs

As of 01/01/2018 2023 2028
1350 21,000 54,000

CNG




Electric (including hydrogen) 100

400

11,000

Table 9: Evolution of the rolling fleet of HGVsdinculation

Buses and coaches

The evolution of the market shares of the varimgirees in bus and coach registrations includegtpect
of the purchase obligation measures as part aketiewal of the public transport fleets (decreeonecd from

January 2017 and implementation deadlines in 208(2a825).

2017 2023 2028
CNG 17.2% 26.60% 31.00%
Electric (including hydrogen) 4.80% 28.80% 42.00%

Table 10: Evolution of the market shares of theedeht engines in new buses
For the whole fleet of buses and coaches, the @saaig as follows:

2017 2023 2028
CNG 5.00% 8.40% 9.70%
Electric (including hydrogen) 1.60% 8.10% 11.80%
Table 11: Evolution of the market shares of théediht engines in new buses and coaches
As of 01/01/2018 2023 2028
CNG 2600 4900 7500
Electric (including hydrogen) 550 2200 5900

Table 12: Evolution of the fleet of buses and ceaah circulation

Energy performance of vehicles

In order to fit in with the SNBC, the energy perf@nce assumptions set in the scenarios are aw$ollo

2018 2023 2028
Petrol (L/200km) 5.9 5.3 4.5
Diesel (L/100km) 5.2 4.6 4.0
EV (kWh/100km) 17.5 16.9 16.1
*and aim towards a goal of 2L/100km
Table 13: Energy performance of new passenger cars
2018 2023 2028
Diesel (L/200km) 8.2 7.4 6.5
CNG (kg/100km) 5.8 5.3 4.6
Electric (kWh/100km) 23.7 22.8 21.7

Table 14: Energy performance of new light comménahicles




2018 2023 2028
Diesel (L/100km) 31.6 29.2 26.8
CNG (kg/100km) 25.8 23.8 21.8
Electric (kWh/100km) 190.0 179.0 167.0

Table 15: Energy performance of new HGVs

Projections of transport demand were made for tN&RIand SNBC timescales by including assumptions
about the economic context and a translation ofrieasures and approaches of Part 3. The models take
account of the economic context, an evolution efttansport prices including the price of energgonts,
evolution of taxation, evolution of the energy raixd gains in vehicle performance. They include the
evolution of transport supply and the translatibmeasures used to control demand growth, modtilatul
the optimised use of the vehicles presented inR&emand scenarios were constructed againsta 201
baseline.

Evolution of passenger mobility

In the baseline scenario, passenger mobility giows% by 2028 (an average annual growth rate afrato
0.5% per year) in line with demographic and ecomognowth.

Modal shift towards soft modes is encouraged. Thdahshare of bicycles is multiplied by 3 by 2024l a
by 4 by 2028. Public transport will grow (+1.4% esar for long-distance rail transport and +2% ygar
for local public transport). The modal share of ¢the will decrease by 5 percentage points betw@és and
2030 in favour of active modes and public transpdrdse modal share will increase by 3 percentagego
Air transport will continue to grow but at a slowate than in the recent period: the growth otrainsport
in mainland France will thus be limited to 0.7% pgear.

By volume, the growth of road mobility in termspssenger-kilometres is limited to 2% between 204b
2028, and traffic in terms of vehicle-kilometredlwlecrease by 2%, due to an increase in the vehicl
occupancy rate of 4% between 2015 and 2028 asilt oégrowth in carpooling.

Freight traffic:
Evolution of demand

Freight traffic in tonne-kilometres across all mseaell increase by 15% between 2015 and 2030, arage
growth rate of around 1% per year.

Modal shifts from road freight to rail and inlandterways and changes in the filling rate of velsicle

The modal share of rail freight will stabilise aredurns to its 2015 level (11.4%) in 2030. The nicthare
of river transport will remain at 2.3% by 2030.

While road freight traffic in tonne-kilometres wigrow by 15% between 2015 and 2028, growth initraff
terms of HGV-kilometres is limited to 8% (an avezsagowth rate of 0.6% per year) due to an increase
truck load rates, from 9.75 to 10.40 tonnes per HB¥ht commercial vehicle traffic will grow at ansilar
rate of 8% between 2015 and 2028.

9.4.2. Modelling results

Road transport energy consumption



Energy consumption in the road transport sectexjgcted to reach 40.1Mtoe in 2018 and 33.5Mt@9#8,
a reduction of 16.5%.

The figure below shows the evolution curve of réraahsport energy consumption between 2015 and 2028,
which is expected to result from the measures impteed.
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Graph 3: Evolution of road transport energy constimpfrom 2015 to 2028 (in Mtoe

Road transport electricity consumption

The figure below shows the evolution curve of rbadsport electricity consumption between 20152028,
which is expected to result from the measures implaed.
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Graph 17: Evolution of road transport electricitprecsumption from 2015 to 2028
(Mtoe)

Energy consumption of gas-powered vehicles (LPGGIXG)

The figure below shows the evolution curve of roi@hsport CNG consumption between 2015 and 2028,
which is expected to result from the measures implaed.
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Graph 4: Evolution of road transport CNG consumptfoom 2015 to 2028 (in Mtoe)

The figure below shows the evolution curve of ré@hsport LPG consumption between 2015 and 2028,
which is expected to result from the measures impteed.
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Graph 5: Evolution of road transport LPG consumptfcom 2015 to 2028 (in Mtoe)
International bunkers

International bunkers represent significant enea@ysumption volumes (around 7.3Mtoe, including S:&M
for air transport and 1.4Mtoe for maritime trangpor

International air traffic is expected to continwegrow at a steady pace until 2030, but this walldffset in
part by air transport efficiency gains (-1.50% pear). The increase in the energy consumptiontefrational
air bunkers will therefore be contained at 1.5%ymzr (before stabilisation after 2030).

International maritime bunkers are assumed to nersiable (energy efficiency gains are expectedfseb
the increase in traffic).

This section serves as a reminder of the GHG eamssdrajectory of the low carbon strategy, andioes the
trajectory for the transport sector.

The first three carbon budgets were adopted byegeicr 2015 at the same time as the first NatiomaV L
Carbon Strategy, and cover the 2015-2015, 2019-20832024-2028 periods (Decree No. 2015-1491 of 18
November). Every five years, a new carbon budgeitk-the third being due — is defined during theisen

of the strategy. The SNBC provides a breakdown dtivity sector for information only. For the tramsp
sector, the indicative carbon budgets of the BC were (in yellow in the table below): 127Mt&for the
first, 110MtCQ for the second and 96MtG@®or the third. The fourth carbon budget, definedpart of the
SNBC review, matches the scenario presented.

CO, emissions recorded in 2016-2017 exceeded thiscadon budget by (137MtCGGn 2017). As part of
the SNBC review, a revised scenario was devisell witlual objective of enhancing long-term ambition

6*



(carbon neutrality in 2050) and realism on theetry. The assumptions of the SNBC2 scenario tead
higher emissions projections than the SNBC1 scermarer the three periods of the first carbon buslget
However, the emissions target of the third carbadget (96MtCQ) will be reached by 2030: SNBC2
therefore forecasts a fourth carbon budget of 94MfGr 2029-2033.

The following tables and graphs show the emissairtie SNBC2 scenario and the carbon budgets #or th
transport sector and for all sectors.

*

4|

Transport (budgets carbone)

/

4,

4!

Table 16: GHG emissions from the SNBC2 scenarioeaotution of carbon budgets for transport
Budgets from the SNBC1 are indicated in yellow. firsebudget (BC1) of the scenario is reckc
based on the observed (2015 and 2016) and foratastéssions.

Table 17: GHG emissions from the SNBC2 scenaricesatltion of carbon budgets for transpo
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Carbon budgets for all sectors are presented below.
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Table 18: GHG emissions of the SNBC2 scenario aotligon of carbon budgets for all sectors
Budgets from the SNBC1 are indicated in yellow. firsebudget (BC1) of the scenario is reckc
based on the observed (2015 and 2016) and foretastéssions.
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Table 19: GHG emissions from the SNBC2 scenaricematltion of carbon budgets for all sectors

NB: UTCAF: Land Use, Land-Use Change and Forestry

9.4.3. Elements relating to the supply of alternatie fuels

The electric vehicle charging network must be deped while ensuring that vehicles are properlygrated
into the energy distribution network. The publieatic vehicle charging network is currently suffiat for
the number of vehicles in circulation. Neverthelessould be undersized if EV sales evolve in limigh
targets. It is therefore necessary to continueeffeets made in public charging stations.

In order to scope needs, European Directive 201484 of 22 October 2014 sets an indicative rafioree

public terminal per ten electric vehicles, i.eotat of 100,000 public charging stations in 202¢hié sector

achieves its objectives. However, this ratio mesabapted in response to the context. The fornppeAdix

3 aims to put forward an assessment of the den@mtkiV/low power and 22kW charging terminals based
/

highest. The results of this simulation show thatmillion charging terminals will eventually begugred to

cover the needs of all vehicles (excluding modepateer charge), a ratio of 6.5 per 100 vehicles,tenminal

for every 15 vehicles. This includes 0.8 termingés 100 vehicles for charging at 22kW / high power.

However, this distribution is not uniform acrose thhole country. Public charging requirements éghédr in

dense urban areas, where the number of privatengasipaces is reduced. These urban areas arefalso o

relevance for electric vehicles. It is thereforeessary to provide a dense public charging netwarkural

areas, the dispersion of housing facilitates tistaltation of home terminals and the need for mutitiarging

essentially seeks to ensure geographical coveFagaly, a network of charging terminals with 22k\Wigh

power capacity will need to be developed along magates, at regular intervals, to enable electeicicles

to travel long distances. This network must bedagough to absorb seasonal peaks. Particulatiattenust

also be paid to the development, production angctieny of batteries.

Natural gas vehicles

France has the largest network of CNG stationgrfaks in Europe. The development of CNG statians i
linked to biomethane development to ensure Europeatility. The lack of natural gas refuelling steis is
currently the main obstacle to the adoption of thigle of propulsion by road hauliers. The numbestations
should be scoped to provide coverage of major roates, as well as geographical coverage, whichbean
defined as a maximum distance or travel time tortearest station. The National Action Framework for

6/



Alternative Fuels has provided some initial deveatept guidelines, but today it is about forming areno
ambitious vision.

The form in Appendix 4 aims to scope the networlCOG stations in line with the SDMP timescales, to
provide an effective network in the country to meeeérgy demand without unreasonable wait timebet t
stations while respecting a break-even point fer gtation. In order to meet the energy objectiviethis
SDMP, it is estimated that 138 and 326 are themini numbers of stations required in 2023 and 2028
respectively. Furthermore, the maximum number ofifable stations is estimated at 367 and 845 EB2ihd
2028 respectively.

Liquefied petroleum gas

LPG consumption in the world and in Europe is graystrongly. France is reporting very stable consion.
There is a dense European network. France is omleeobnly European countries where the network has
decreased slightly in the last ten years. The nétwin place and does not need any public investm
However, it is only used at 25% of its economicfipability. There is real potential for developmeoftthis
market. The network is ready to accept bio-LPGs linportant to take advantage of the current sitna

Hydrogen

The development of hydrogen charging stations euiitinue based on the so-called "captive fleethaebt
which involves helping to deploy stations near hose who choose hydrogen. Thus, the plan for the
deployment of hydrogen is based on the roll-outegfional mobility ecosystems, in particular viaete of
commercial vehicles:

5000 light commercial vehicles and 200 heavy vesi¢buses, trucks, regional trains, boats) as well
as the construction of 100 stations, supplied \eitially- 4147

20,000 to 50,000 light commercial vehicles, 802@060 heavy vehicles and from 400 to 1000 stations
by 2028.

9.4.5. Longer term trajectories

To achieve the target of ending sales of cars Emifreenhouse gases in 2040, it will first be seaey to
achieve the intermediate objectives set for 202Pthen maintain a highly attractive system of irices
and penalties for 2040: to reach a rate of 85%tmtecehicles in sales in 2040, we must envisagseld on
simulations carried out with a carbon tax of €48002 in 2040, an incentive / penalty with a diffiece of
about €2400 between an electric and a thermal keehic

Driven by technological advances, changes in garera systems, behavioural changes on the part of
individuals and regulatory changes, new mobilityqtices are emerging and different types of
breakthroughs may appear:

Technological breakthroughs, involving changesiatype of technology used, such as the emergence
Organisational breakthroughs, involving transpodiiqy, traffic management, organisation of

#

Regulatory changes.

These can directly affect the transport sectompaict it by a significant change in demand for ot
services. The development of service mobility uslrigerless vehicles instead of bus services cimdded
reduce the modal share of private vehicles asagdihcrease their occupancy rate.
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9.5. Guidelines for the development of clean mobtyi

The goal of carbon neutrality requires major arobitin terms of the energy demand of the sectoyirneg
increased energy efficiency efforts.

It implies an almost total decarbonisafi®of the domestic land, river and maritime transpgertor:?® either
by switching to electric propulsion or by switchitggcarbon-free alternative fuels (in life cycleafrsis). A
share of non-bio-sourced fuels would be reserve@d$0 for air and international maritime bunkerkeT
transformation of the vehicle fleet is thereforecemsary, as is the development of electric chargimd
renewable gas distribution infrastructures (biodgslrogen, etc.). However, these two projects afhg one
part of the transition of the sector. Indeed, toitlithe impacts on demand for carbon-free energyy v
substantial progress in efficiency and energy smvia also needed.

It is therefore imperative to mobilise the follogifive major levers in tandem:

+

Modal shift (for passenger and freight transpanydrds the most energy-efficient and low-emitting

Optimisation of the use of vehicles (for passeraget freight transport).

Sector developments in terms of both mobility dedpanodal choice and the renewal and conversion of
vehicle fleets are guided by:

%

The effectiveness of European and national -

3

Policies to support active and public alternatireevél modes and the development of alternative
routes (simultaneously targeting networks, infriastires, and vehicles) and support for companies

Traffic management measures at regional levelcigalito support new mobility types.

All these levers are to work together: for land aivdr transport, the current Clean Mobility Devateent
Strategy takes account of all these requiremendsd®tails the changes necessary in the developafent
vehicles with low emissions and in the deploymdmetuelling infrastructures, improving the flee¢sergy
efficiency by taking account of the specific perfi@nce of each engine and the dynamics of fleetwaine
modal shift for freight and passengers, developroépublic and collaborative modes of transport|uding
car-sharing or carpooling, increasing the load cétieeight vehicles and controlling the increaseransport
demand for both freight and passengers.

For air transport, there are fewer decarbonisdéwvers, as these essential economic sectors depefuekls
that are difficult to replace at this stage witbasier energies. Thus, the gains in terms of theygedficiency

125 Decarbonisation is only "almost total” everitia usage phase alone, given the residual "inccssile” gas leaks
(fluorinated gases, renewable gases).

France has set itself the programmatic objectivacbiieving carbon neutrality in the captive fleegments, which are
the State fleet, the port flotilla and the recreaai craft fleet. The State also undertakes taupethe refuelling
infrastructure and measures necessary to ensticofidrage of the demand for low-carbon maritimedddor traffic
between French ports.

64



of aircraft are not sufficient to offset the expgtgrowth in traffic: major replacement of fossiéfs with bio-
sourced fuel is therefore necessary (sustainabfadis for aviation).

For maritime transport, levers rely much more omvession of propulsion systems. Indeed, if clean
technologies exist, like hydrogen and electriditgy are currently not really usable by the mastimansport
sector because of insufficient engine power. Lalgips required very high power compared to fuel cel
standards or very powerful storage batteries. @sehaspects, technological progresses could bévedja
fast. It would thereby enable great breakthroughsrims of propulsion. A high quantity of hydrogerailable
will be clearly essential.

For domestic maritime transport, in addition torggeefficiency gains, carbon neutrality must beyéted by
allowing refuelling with low-carbon fuels in all &nch ports and facilitating conversion to other-mavbon
technologies (batteries, biofuels, hydrogen, sails)

The approach and actions of the clean mobility bigreent strategy are the outcomes of the Consudtati
Meetings on mobility and the draft Mobility Law mhaced by from this listening procedure. The initiat
launched in the Consultative Meetings on mobibktyn open and contributory step. It was conductad 1.9
September to 13 December 2017 and was structureatlyr to involve citizens, mobility stakeholders,
companies, experts, elected officials, local araas;governmental organisations (NGOs) and tradensn
The foundations of mobility have led to work on giemes corresponding to the major challenges todie

>

>

Social and regional fragmentation: more solidarity-
>

>

Governance and financing: more sustainable mobility

The Consultative Meetings were devoted to passengsvility and local logistics, but complementary
consultation initiatives were launched in autuma20n particular the Infrastructure Guidance Calui@Ol)
tasked with studying funding for major projectstercity routes, rail and road hubs, major infractinres for
freight — and with making recommendations for thfeaistructure planning law. The result of this wixkhe
basis of the future Mobility Law. In rail transpgitte government sets up a new organisation dfteech rail
system via the law for a new “railway pact”. Thev@mment also wants to restore rail freight opputies,

to which this reform will contribute, through theprecedented investment in the network and theel&si
make SNCF more efficient and competitive. The fi@ight revival plan will support combined transpor
overhaul railway tolls — whose sustained incre&si (11% per year) is suffocating freight compariend
invest in freight routes and improve the servictereid by SNCF Réseau. On 22 November 2018, Benoit
Simian, deputy of Gironde, gave to Elisabeth BoMmjster in charge of Transport, a parliamentagart
dedicated to the greening of the rail transpontatigstem. In order to accelerate the energy tiansi rail
transport, the government wants to prepare thengrg®f the rail transportation system by providfogthe
conversion of the most polluting rolling stock (@mootives, self-propelling trains, heavy plant maehy...)
as soon as possible in order to reach the objecfivaarbon neutrality in 2050. According to thigpoet,
hydrogen will be a major lever to succeed thisditaon.

Steps are being taken in the transportation of g@odl logistics. Maritime transport was benefiftedn the
Consultative Meetings on the Sea Economy in Noverb&7 and the aviation sector began its consattati
process in March 2018 at the launch of the Nati@wmiference on Air Transport. The cycling and activ
mobility plan, the commitment for the developmeritlaw-carbon emission areas and the objectives
established as part of the strategy committee efallitomotive sector are some other examples arecti
undertaken with the different stakeholders.



9.5.1. Enabling all areas to benefit from clean mality and freeing up
Innovation

The affirmation of the right to mobility is reflexd in the search for egalitarian coverage of thmtg through
mobility solutions, in particular by strengthenitize integration of the various public transportwerks,
including accessibility for people with disabilgi®r those suffering economic and energy povdrtequires
also a strong and continuous vigilance to issuexoéssibility to these services, in particularfeople with
disabilities and for people with economic, sociaénergetic difficulties which could require specgupport
tools.

In addition, given the specific characteristicseafch territory, innovation through experimentatiomew
transport solutions remains the best method ofldpireg services that are accessible for everyametlzereby
of reducing the proportion of journeys taken witdividual vehicles.

Challenges and general orientations

The aim of combating territorial and individualrisport inequality can be achieved by ensuring rzwaks
also benefit from clean mobility solutions. Whilgeoall objectives must be the same for everyone and
everywhere, the achievement of these goals willireca progressive approach, in order to take astmunt

the specific characteristics of each area and aryevable communities. This will involve, for exalep
considering vehicle renewal cycles, the contributbapacities of territories and households, andeatly-
available transport services. Specific resourcest tnel dedicated to fragile and isolated communitidsose

in a state of economic or social vulnerability -onder to facilitate their social inclusion via nildlg and avoid

the development of a “two-speed” approach to cleability.

Even in sparsely-populated areas and among vulleecaiinmunities, clean mobility is based around the
preference for active mobility, greener vehiclethvehared modes of use, and, more generally, omathyall
solutions offering an alternative to individualrisport in a polluting vehicle.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for thaft
Mobility Law

h Promoting the effective implementation of the nlibpicompetence at the proper scale and
nationwide, either at the intercommunal level cthatregional level.

h Adapting missions of the Transport Organising Awities (AOM) in order to facilitate the effective
implementation of the mobility competence in spyrpepulated areas.

h Strengthening AOMs and Regions’ competences bgmwd) their range of possible actions and
services to conduct a policy of sustainable andiat mobility.

h Securing AOMSs’ resources (the “transport contiitmit becomes the “mobility contribution”) for
the implementation of their entire mobility poliay particular when they contribute to the developtef
shared and active mobility or when they set up titglsiupport for vulnerable people. Enabling ciguacils
to contribute to the financing of regional passemgg services and train station services.

h Strengthening the cooperation between Transp@arsing Authorities under the leadership of
the Region in order to assure a territorial coritinin the daily mobility of the citizens.

h Strengthening the role of employers and usersémbvernance of transport systems, by setting up
Partner Committees through the AOMs which shouldcbesulted before any substantial change in the
mobility policy in order to create conditions fagrmanent dialogue between the different local stekkers.

h Assuring a more inclusive policy particularly thie most vulnerable people by allowing AOMs to
organise by themselves mobility services of a $oature, to contribute to their funding or to paglividual
direct subsidies for mobility in order to faciliégaindividual support for vulnerable people in pautar
concerning employment and training accessibility.

h Strengthening cooperation between the differebtippartners in charge of mobility, social affairs
or professional insertion to set up support actionsulnerable people.



h facilitating public transportation access for tiga people via the establishment of a social pgici
for their attendants and via the gathering of hanised and interoperable data in terms of acce#gibfl foot
path and public transportation regular services.

h For persons of reduced mobility, guaranteeing sste pre-equipped places or places equipped
with charging points for electric mobility scooters

Other measures to be taken by the Government bee219-2023 period

h Implementing a programme of “Energy Saving Cexdifes” based on supporting the transition to
sustainable mobility for isolated areas or commesitvith vulnerable economic or social statuses.

h Systematically integrating the role of transpamsulting into the missions of the Public Service
Centres.

h Increasing public awareness of transport modesef from a young age through to retirement:

Including teaching modules on sustainable mobititgchool curriculums: reading a public
transport network map, use of applications, use amderstanding of services on offer
(collective transport, car-sharing, etc.), rules tfte use of public spaces, cycling lessons,

p

Developing school mobility plans to implement cleamobility solutions (walking bus,
cycling bus, carpooling, access securing...)

Adapting the road safety badge and road safetyd@strease awareness of all existing modes
of transport services, as well as the rules fangipublic spaces (pavements).

Challenges and general orientations

It is essential that we liberate and support intiomsby adapting the regulatory framework in orttemake
it more flexible and responsive to current develepta. This will be achieved notably through a revaé the
rules on experimentation, improved sharing of infation via a dedicated platform, and also greagsdom
for public authorities to launch innovative progect

Intentions of the State regarding clean mobilityegislative proposals, including proposals for tdeaft
Mobility Law

h Constructing the regulatory framework allowing Higautomated vehicles to travel on public
roads by 2020-2022.

h Allowing navigation of autonomous or remotely-aatied rafts and boats.

h Regulating new transport services (free floatmgpeds, assisted-pedal bicycles, electric scooters,
kick scooters, public-hire cars, etc.)

Other measures to be taken by the Government be€td19-2023 period

h Supporting local councils in the development aiovative and cleaner transport solutions thanks
to project financing from the DSIL (€500M in Lodalvestment Support Funds allocated to transpomt), a
facilitating experiments and innovative public phasing thanks to the French Mobility initiative.

h Accelerating and developing projects of bicycl¢hpareation in local authorities via the national
fund “active mobility” (M€ 350 over 7 years)

h Carrying out wide-scale experiments with autonosneghicles from 2019 along with the Regions,
and monitoring their results via the framework ebasortium-level steering committee led by theohubbile
Platform (PFA)?.
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h Carrying out prospective studies on new transplans by the end of 2020, in partnership with
local councils, in order to respond to growing saort needs by tapping into technological advaidtes

h Launching a call for projects for wide-scale expental initiatives, with a focus on measures
encouraging communal or shared mobility.

h Supporting the creation of a “Logistics and Roaelidght Transport” consortium, with a view to
testing a pilot blockchain dedicated to the managgdrand securing of data and contracts in thetiogishain.

9.5.2. Managing mobility demand

In order to manage the increase in transport demamdl be necessary to maintain the implememtatof
incentivising price signals for the sector:

4144
Internalising external costs when setting pricesufban and long-

Working to achieve harmonisation of fuel taxatiates at the European level.

It would also be useful to implement measures tmaga local traffic, and to support active and sthare
mobility and new ways of working, as well as thecglar economy, local food supply chains, etc.

Challenges and general orientations

The ecological transition of transport can onlyaohieved by stemming the continuous increase iraddm
for transport, and consequently by slowing urbamwp(which consumes a great deal of natural resssur
and leads to more journeys being taken).

Urbanisation policies registered in the planningutoents, which local authorities are in chargehafje a
major impact on soil consumption but also on den@mndatural resources and on greenhouse gas ensssio

The legislator has therefore reinforced severadsimeasures in favour of a reduction of soil artfisation,
for the Grenelle Law and recently in the ALUR law.

Hence, the government fosters local authoritigg@mote a thrifty soil management in order to rediatural,
agricultural and wooded area consumption, to adtesustainable planning practices (nature in ihe c
energy-efficient housing) and to prioritise urbavelopment close to public transport.

In order to reduce the number of journeys takentanginforce attractiveness of distressed arémsState
helps some local authorities to reinvest unoccug@entown shops.

Furthermore, the ELAN law offers several measuoebdister downtown shops and to reduce commercial
establishment in city outskirts.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for ttdeaft
Mobility Law

h Transforming urban commuting plans (PDUSs) intoggort plans (PDMs).

h Strengthening the PDMs while taking into accowguirements in terms of active, shared and
inclusive transport, as well as measures thatheillp limit urban sprawl and coordinate transportschool
students.

h Facilitating implementation of parking and traffpmlicies to promote a cleaner mobility by
enabling to update the PDM with greater flexibility

h Enabling the AOMs to develop rural transport plemareas with low population density.
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Other measures to be taken by the Government be€td19-2023 period

h Continuing to study tools designed for use by ll@cancils, in order to calculate the effects of
urbanisation policy choices on journeys taken.

h Continuing to study the impact of telecommutingt@msport demands.

Challenges and general orientations

Encouraging the emergence of greener behavioursugpbrting commuter transitions will lead to aueitbn
in journeys taken and/or their environmental impact

E-commerce represents around 20 to 25% of transgovices in cities, despite representing only §% o
consumption. With the number of deliveries incregdby 20% annually, this means that over 100 nnillio
additional parcels are being delivered across #tiem every year. The product flows caused by ememe
returns and high rates of failed deliveries (wtattien require the transporter to make a seconpdrgpushing
the number of journeys up even further. This hgtts the fact that the consumer (and more genethly
purchaser) now has more and more choice regartdmgransport of their goods: 24-hour home delivery,
express delivery, meeting point, drop-off pointasighment, and instant delivery (1-2 hours). Tlesesumer
choices should be more clearly linked to the serejation and price involved, in order to raisegthechaser’s
awareness of their responsibility for the transgofttion chosen.

To contain commercial development including e-commagethe ELAN law introduces a craft and commercial
planning programme (DAAC) which is mandatory in thgitorial coherence programme (SCOT) in order to
better foresee and organise the integration of ceria projects on the territory. It could be matkeurban
planning with a broad approach of the craft, conmia¢and logistics activities which have a majopauat on
land planning and motorised trips.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for tteaft
Mobility Law

h Progressively rolling out low-emissions zones (L)EZ

o0 Requiring EPCIs with over 100,000 inhabitants ttaleissh a plan of action to achieve the
objective of reducing atmospheric pollutant emissjoand to include a study of the
<K

0 Imposing the progressive deployment of the LEZteimitories covered by an Atmospheric
2 2 .22+

o Controlling access to LEZs via automated monitodergices (fixed or mobile).
h Facilitating installation of free-flow toll statis.
h Enabling use of video-ticketing and automateddfior restricted roads.
Other measures to be taken by the Government bee2d19-2023 period

Requesting that all advertisements for road trandmaccompanied by a message promoting actieeedh
clean or public transport.

9.5.3. Developing low-emissions vehicles and deliyeinfrastructures for
alternative fuels, and improving energy efficiencyf vehicles nationwide

This Clean Mobility Development Strategy should l#aathe implementation of the ambitious objectives
announced in the Climate Plan: an end to the daleew greenhouse gas-emitting vehicles by 2040, and
carbon-neutral transport by 2050. The gap betweerivo dates is linked to the time required to vetiee
vehicle fleet: in order to achieve carbon neutyaiitmust be the case that no greenhouse gasiegnrghicles



have been sold in the ten years preceding thettdage, in order to leave time for gas-emittingiekds to be
used and to leave the vehicle fleet naturally.

Significant work has been achieved (and must b&rooed) with all economic stakeholders involvedié&fine
and break down objectives for the short-term thataherent with long-term targets, including ie tharitime
and aviation sectors.

Challenges and general orientations

The development of low-emissions vehicles is armsa strategic tool in order to ensure the losgrt
ecological transition of the transport sector. Thienate Plan adopted in July 2017 set the objedfumalting
the sale of greenhouse gas-emitting vehicles b 204e State is going even further, by settingoihjective
— in partnership with the automobile sector — toé@ase the sale of electrical vehicles by a fauttér and the
sale of low-emissions HGVs by a factor of 15, bg20compared to 2017 levels). These objectivesocin
be achieved if, over the course of the coming yehesgeneral public are widely exposed to thelalvsity
of low-emissions vehicles, and if consumers are &bleplace their existing vehicles without wongabout
the development of alternative energy sources dbast, hybrid, hydrogen, gas, etc.). The renewahef
vehicle fleet must be oriented in the short-, mediand long-term so as to unleash its energy tiansand
minimise its environmental impact. The measureroéttiis environmental impact must take into accdbat
full life cycle of vehicles (life cycle analysisyarious forms of price signalling (financing schesaand tariff
provisions) should then be used to help steer e towards vehicles with better environmental
performance levels. For example, two-wheeled Ve&i@vhich are responsible for a quarter of emrssiof
organic compounds in the road transport sectorpfdy 2.3% of journeys), are the subject of a sthding
carried out by the State along with the other gdtalders involved. While it is important for pubkcithorities
to respect the principle of technological neutyalitis also pertinent to recognise that objecitedrastically
reduce emissions of greenhouse gases and locaptterac pollutants can only be achieved alongsid@m
developments in electromobility and hydrogen-fukllehicles, which will be the focus of major Govaent
action in the coming years.

The aim now is to accelerate direct electromobditgl the hydrogen sector via the creation of aloomgrated
sector, notably by actively pursuing the developmeha high-performance charging network, and by
structuring a progressive approach — designed &anulti-modal perspective — to the use of clearrdyen
transport. Finally, a number of uncertainties remaigarding the use of vehicles and the developwiethie

)
tool to oversee the evolution of the vehicle fldedrticular attention must also be paid to the bgwveent,
production and recycling of batteries.
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Box 4: Electric vehicles
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Box 5: Biofuels
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Intentions of the State regarding clean mobilityegislative proposals, including proposals for tteaft
Mobility Law

h Before 2022, deploying charging points nationwfisleelectric vehicles:

Raising to 75% the maximum level of subsidisatiai public electricity use rates) of the
cost of

Providing for effective installation of at leasteonharging point in 2025 for all public car
parks with more than 20 parking spaces and cassp#rkon-

Providing for pre-fitting of all parking spacesresidential buildings to facilitate subsequent
charging point installation. Parking spaces of nesidential buildings should also be partly
pre-

Simplifying the “right to charge” for legal or nal persons using an interior or exterior
parking space in their collective residence, givthgm the right to install (at their own
expense) vehicle charging points in the parkingcstires connected to their buildifts

h Accelerating the deployment of CNG:

Sustaining production of biomethane for methanegihg points to supply vehicles (buses,
trucks) in order to develop direct local usage tipalarly in areas removed from the gas

Facilitating supply and connection of CNG statitmsatu

h Initiating the development of hydrogen as a tawl decarbonised transport, as outlined in the
Hydrogen Plan adopted in 2018:

Deploying regional hydrogen mobility ecosystemsialtwill supplement those based on “all
battery” electrification, notably for modes of ubat require rapid charging times, operation
over wide areas, and heavy goods transport:

5000 light commercial vehicles and 200 heavy velsidbuses, trucks, regional trains,
boats) as well as the construction of 100 statismgplied with locally-produced hydrogen
4147

20,000 to 50,000 light commercial vehicles, 80Q@60 heavy vehicles and 400 to 1000
414;

Supporting, thanks to the Future Investments Progra (PIA) — via existing calls for projects
or calls for expression of interest on hydrogerne development of French heavy/highly
autonomous vehicles powered by hydrogen (truckseduboats, trains, etc.), the associated
components chain, and competitive systems for thdyztion and storage of decarbonised

Defining, via a ministerial order, the applicabdgulation for hydrogen installations in service
stations, combining safety, clear understandingiefs, and ability to integrate hydrogen into
standard service stations.

h Revising the legislative and regulatory framewfwk oversight of electrical charging points by
2023

h Encouraging the development of electric chargitagians via Energy Transition Tax Credits
(CITE) and mobilisation of Energy Saving Certifieat{ CEE).

h Installing electrical charging stations on motoyg/and national roads, securing contracts between
infrastructure administrators and operators of gingrstations.
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h Freezing the rate of interior tax on petroleumdoicis (TICPE) for CNG at its current level
(€5.8/100m+  41?7; 4144

h Creating 100 new CNG supply stations over the rient years nationwide, along with the
operational launch of over 2100 vehicles 2
tenders launched in 2018.

h Facilitating the deployment of natural gas forietds by revisiting safety regulations (in service
stations, for example).

h Ensuring coherence between the number of vehidigy alternative fuels in circulation and the
number/regional breakdown of charging or refueliimfgastructures open to the public.

h Studying the implementation of a traceability systfor decarbonised and/or renewable hydrogen.

h Providing for a totally decarbonised rail trangps®ctor in order to go beyond the electrification
potential, in particular in conducting the firstpeximentation of hydrogen train in France by 2022.

Challenges and general orientations

Maritime and waterway activities are also affedbgdthe prospect of carbon-neutral vehicle propulsig

2050, and the associated reduction in atmosphetiation. Most vessels providing international tsport
links are powered by heavy fuel oil, which is chda highly polluting. As such, international mane

transport contributes up to 2.6% of global nissions, and constitutes a significant sourcambspheric
pollution (sulphur oxides, nitrogen oxides and fpeeticles) within high-concentration activity zengarge
ports, straits). In Marseille, emissions of atmasphpollutants linked to maritime transport regmsaround
20% of nitrogen oxide emissions (NOx) and 70% dpisur oxide emissions (SOXx).

The scope of action here is limited, as a unilateigulatory approach would discourage traffic fretopping
at national ports, causing changes to shippingsland resulting in a loss of traffic without anysjive impact
on emissions. At the national level (draft Mobilitgw), the government could take action on two axes
promote this transition:

By fixing a conversion target to carbon-free prgput engines in 2050 concerning the “captive fleet”
state-owned ships, ships owned by seapor

By assuring supply facility development and necgsssasures in line with the carbon-free energy
demand concerning traffic between French harbours.

Any regulatory changes can therefore only be agphie an international scale via the further exemsf
measures already taken by the IMO, and under #meefiwork of its decarbonisation strategy adopte&pirl
2018, which is based on three strategic pillars:

Strengthening requirements pertaining to the En&ffigiency Design Index (EEDI) applicable to

Reducing CQ@emissions from transport activity, on averagedibinternational maritime transport,
by at least 40% by 2030, and pursuing measures fakarder to achieve 70% by 2050 (compared to
2008 levels

Reaching peak GHG emissions from international tina&i transport as quickly as possible, and
reducing the total volume of annual GHG emissiopsableast 50% by 2050 (compared to 2008
levels), while also pursuing action in order togressively eliminate emissions altogether.

Concerning inland navigation, France sets the sabjiective to reach a carbon-free fleet by 2050f{dra
Mobility Law). Regarding specific constraints oftimavigation inland sector and especially the Ishigp
lifespans, starting energy transition of the fiigein 2020 will be necessary to decarbonise nawgatiland
by 2050 via appropriate solutions for each typships (freight transport, passenger transportnahfegshery,
ships contributing to sovereign missions like mamatnce, police, rescue).

Intentions of the State regarding clean mob#itiyroposed regulatory changes



h Implementation of ecological criteria for new velssoutfitting lighthouses and beacons, as well as
patrol boats operated by the Ministry for Ecoloyirad Solidary Transition:

NOx: Application of Tier Ill, even outside emiss®imspection zones (NECA)

Use of innovative propulsion systems such as LNGNG, hybrid batteries/diesel/electric,
H; fuel batteries.

h Adapting the regulatory framework regarding camstion and equipment rules for inland waterway
vessels to enable alternative motorisation endioesently, only fuel, LNG and fully electrical eings are
allowed).

Other measures to be taken by the Government be&t(19-2023 period
h Supporting the development of electric chargingpisoand CNG in maritime and river ports.

h Providing financial support for the river transpsector viaan engine upgrade scheme worth €8M
over five years (2018-2022), in order to improve émvironmental performance of riverboat fleets.

h Making a particular effort to renovate and modsgnivaterways.

h Providing financial support for the developmentatternative ship motorisation engines via an
extra depreciation measure with effect from theflJanuary 2019.

h Presenting a proposal to the IMO to create a Iovssions zone (ECA) in the Mediterranean, and
promoting effective measures for the limitation @D, emissions based on the decarbonisation strategy
adopted in April.

h Accelerating merchant vessel replacement withxdraelepreciation measure in favour of ships
with a carbon-free or LNG propulsion or with mariequipment enabling an improvement of their air
emissions.

Concerning inland navigation, all measures contimiguto ecological and energy transition will bdmgct to
a “pact for inland navigation greening” which witlentify commitments of all stakeholders: governien
economic operators, waterway and port installathamagers...

Challenges and general orientations

As part of the bundle of measures decided uporhby@AO in order to limit the impact of this modé o
transport on climate change, the air transporbséstpursuing its efforts to reduce emissionfiatdource, in
particular via the creation of a GGtandard for reactors, optimisation of aviatiomigation procedures and
infrastructures, and the deployment of sustainbioifeiels. The industry is also behind an ambitiendssions
offsetting programme.



Box 7: Air transport and market measures
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In order to encourage the emergence of a Fren@iti@vibiofuels sector, at the end of 2017, theeStair
France, Airbus, Safran, Suez and Total all signetbuhe “Commitment to Green Growth” (ECV), aimitay
study the feasibility of deploying a French prodmctand distribution sector for sustainable aviatiofuels.
Its conclusions will be delivered by the end of tingt semester of 2019.

9.5.4. Favouring modal shift for passenger transpar

Today, 80% of journeys are made in personal vehictost of which are used to transport only oneqer
In order to reduce the impact of transport on theirenment and limit transport costs, one of themma
challenges is to promote cleaner journey types exsgpossible, notably via alternatives to theaigersonal
vehicles and an increase in shared modes of tramnspo

Challenges and general orientations

The availability of multi-modal transport must beveloped in order to provide individuals with attatives
to the use of personal vehicles, and thereforbifofeom an imposed method of transport to oné ilahosen.
In order to do so, it is necessary to supplemeatpttovision of alternative modes of transport witw
information technologies: creation of new typese@ivices (autonomous, connected, shared) and ngsvofia
accessing these services (integrated informatidriieketing systems). However, care must be takemsure
sufficient access to multi-modal information whillso guaranteeing the safety of users’ personal dat

Intentions of the State regarding clean mobilityegislative proposals, including proposals for tteaft
Mobility Law

h Accelerating open access to data on multi-modatimation, while also carefully monitoring data
management and appropriate use.

h Widening the list of open data to include realdigata, and drawing up a financial compensation
scheme for users of this data in the event thaviddlability comes at a significant cost.

h Offering every individual (public or private) tip@ssibility of establishing a multi-modal transport
service by allowing access to the digital marketpltor the sale and reservation of local journeys.

h Requiring certain operators to produce and pulaistessibility data.
h Strengthening and securing the social resportsilofidigital connection platforms.

h Strengthening intermodality between the diffeigvices thanks to a better coordination between
the offers of the different public stakeholders.

Other measures to be taken by the Government bee219-2023 period

h Launching a call for projects on Mobility as a Bee (MaaS), with a view to encouraging the
shared achievement of a small number of large-grajects.

Challenges and general orientations

The importance of walking and cycling, especiafiycities but also in rural areas, should be rectamed,
along with the inherent safety issues that go aleitg these modes of transport. These two activderno
could represent significant proportions of modatftsh cities. The national strategy for clean nlithiaims
to make walking account for 25% of journeys andit@ cycling a modal share of 12.5% by 2030. Tlete5t
has also set the objective of increasing the msidate of cycling from 2.7% to 9% by 2024 These values
should be considered as the minimum thresholdshieee: it is undoubtedly possible to achieve evemne
through investment on a reasonable scale, whitealsuring full satisfaction for citizens.




Walking is an essential part of every journey, aad increase the scope of public transport optwnghe
condition that the route to and from transport stgpsufficiently accessible. Cycling, meanwhilastseen a
significant increase in use due to the developroéetectric bicycles, which increases the rangéiofcle
journeys, and also removes certain obstacles tingy(physical fitness, fear of fatigue, ability éycle up
hills). The extension of journey lengths enableclgctric bicycles also strengthens the suitabditgycling
in sparsely-populated zones. The opportunity ptteselny electric bicycles must be seized by impldaingn
quality cycle routes on a wider scale, laying oudliog paths and creating secure parking areabitycles,
notably in hub areas for intermodal connections.

Increasing the use of bicycle transport can onlatigieved by successfully managing road safetys riisk
towns and cities, where traffic speed is a keydiaetnd by working to combat bicycle theft. Thefealeration
of different modes of transport (walking, cyclimgw types of personal vehicles and cars) shoulthieved
in a safe, pacific way.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for teaft
Mobility Law

h establishing a “sustainable mobility credit” fongloyees from public and private sectors in order
to pay back the cost of commuting between homevaot#t by bicycle on a flat-rate basis up to 400 €ifye
The government will generalise this “sustainablebiiity credit” for public employees by 2020 up to
200€/year.

h Ensuring safe cycling practices in order to enagarthe use of bicycle transport:
! 29 %" ! *+

Installing secure parking infrastructures for biegcin certain buildings or parking annexes,
as well as in train stations and multi-

Attributing and displaying a unique identifier omeey bicycle sold, and recording these
registration numbers in a national database usisgcare procedure, in order to combat the
theft, fencing and illegal re-sale of bicycles.

Other measures to be taken by the Government be&t(19-2023 period
h Implementation of the Cycling and Active MobiliBlan:

Promoting trainings to cycle safely. By 2022, agyafised implementation of these trainings
will enable youths to be admitted to the first yeihigh school to cycle autonomously and

Including cycling in the fiscal kilometric allowaes in order to pay off employees’ travel

)

Creation of a national “active mobility” fund wor@850M, aiming to support, accelerate and
amplify projects for the creation of structuredleymutes in local areas. Launch of a call for
417?A

Supporting local councils, notably in medium-sizedns, in the definition of their cycling
policies, following on from the “Vélo et TerritosgBicycles and Territories)” call for projects
"3 70, 417,

Simplifying the legal status of green pathwaysprider to facilitate cohabitation of transport

Ensuring nationwide implementation of bicycle waitspaces at traffic lights, as of 1 January
41?A

Developing two-
Authorising cyclists to install non/

Experimenting with allowing cyclists to ride sidg-bide in zones with a speed limit of



71$

Requiring heavy vehicles to be equipped with systéondetect the presence of vulnerable

Implementing a plan of action to combat bicyclefiti{bicycle marking, equipping train
stations and connection hubs with secure parkiagesp installation of bicycle parking spaces
+

3
Supporting the purchase of electric-
Supporting enterprises mak )

Publication of an NF industrial standard for wiliticycles.

Challenges and general orientations

Mass public transport is the backbone of urbarspart in large cities, and an essential tool indineelopment

of cleaner everyday transport. The developmentamdiernisation of these modes of transport shoulzhire

a priority for public authorities. They should beade more attractive and more reliable, with imptbve
environmental performance and connections to nawsport developments and active modes. In order to
achieve this, several measures are being put fdrwasolving regulatory changes, financial suppoeasures

for local councils, and educational outreach.

While the use of cars is falling in densely-popetbzones with high-performance public transporioost, car
journeys remain indispensable in less urban afHas.aim therefore should not be to do away witls car
altogether, but to optimise their use and encouragee suitable, shared forms of car journeys, aloitl
improvements in the ecological performance of thieicles themselves.

Shared mobility services over short distances aratéas not covered by public transport networkstrnea
sufficiently developed to constitute a crediblevgss, without overlooking the regulatory issueseaing the
car-sharing and carpooling markets. They enableenwdficient use of assets (the vehicles and the
infrastructure that supports them), and therebgeleshe environmental impact of transport for ahéig
number of passenger-kilometres (total energy corguamd emissions released during the construaim,
and recycling of the vehicles). The sharing conedsat leads to a decrease in the overall cosansport, via

an increase in fixed costs but a reduction in nmalgtosts. Car-sharing also enables an acceleratitirte
renewal of the vehicle fleet, due to the more istemuse of the vehicles being shared.

Each of these solutions constitutes a transportleuwith each mode of transport retaining its @eope of
suitability (walking, cycling, public transport,Weemissions vehicles, car-sharing, carpooling,) e\ga the
progressive assimilation of viable alternative ops, this approach could encourage certain houselmlgo
car-free — particularly residents of cities. The M® must develop their central role by offering sesv
packages within their local transit areas, integgapublic transport, shared vehicles, active manfesavel
and other transport services.

Finally, the development of these solutions aldpsimitiate the learning curve for “service velgl, which
are a prelude to autonomous and shared vehicleshHikely to cause profound changes to our useao$
and transport in general. These changes will lielip the impacts of transport on the environmerd haalth
by reducing road accidents, congestion and fuelwmption.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for tteaft
Mobility Law

Implementing a “Sustainable Transport Credit” fonxoyees in the public and private sectors.
Clarifying the definition of carpooling in the Trgport Code.

Enabling AOMs to intervene in shared mobility andh@rising road operators and policing bodies tstde
advantages on shared modes of transport:



Allowing AOMs to organise a public carpooling seeior to financially support private carpooling

Giving local councils the a

Pursuing the development of road lanes reserveddidain vehicle categories or modes of use, in
order to encourage shared mobility and clean niglmfptions.

Investing €1.2Bn over ten years to support cleaghsdrmred mobility (calls for projects).
Other measures to be taken by the Government bee2d19-2023 period

Updating the “car-sharing” certification that erebllocal councils to give preferential treatmenthese
vehicles, in order to include new technical podisieé such as car-sharing systems that do notinequ
registration or pick up/drop off stations.

Launching a call for programmes as part of the gn&avings Certificates (CEE) scheme, to enable the
development of energy-saving mobility solutiongpeeling, cycling mobility tools (including secuparking
areas), financial support for vulnerable househaidsrder to facilitate their use of energy-savingbility
options.

Leading a fourth call for projects for the dedichfmiblic transport lanes (TCSP) and sustainableilitypb
notably by continuing to open up access to priarityan areas (QPV).

9.5.5. Promoting modals shift and freight transportefficiency

The ability to develop high-performance, sustaiaaid-to-end logistics chains — from mass trangpantban
logistics — is vital for both France’s import/expstrategy and the economy. Measures will therefieed to
be put in place to support the development of taggisnodels at both the national and local level.

Challenges and general orientations

Urban logistics only represent a portion of thadtigs chain, but face a number of challengesrmseof the
modernisation and optimisation of infrastructuneshicles and software tools, as well as workergmtin
issues linked to digital delivery platforms andulegory clarifications.

Following a period of logistical periurbanisatidinis now essential to (re)locate facilities in theart of urban
areas, closer to the areas in which products wilcbnsumed. This involves planning and finding rdom
manoeuvre in terms of real estate for logisticddings and access to waterways, and creating sgserg
between passenger and freight transport.

It is also necessary to support the greening efdbctor, and to re-jig logistics for the digitgkaTechnological
advances and the development of e-commerce argngea ever-more connected environment, leading to
larger amounts of data and information flows, whach a current and future source of wealth for cames.
The use of this data as a new resource has lée@ terbergence of new business models and oppoeis fiti
public action. Working with blockchains, new operatare not hesitating to shake up traditional sppant
sectors, tackling challenges such as the optimisatf vehicles and routes, or operational perfoceaiihe
challenges associated with the collection, trartspod processing of logistical information, as wadl the
protection of the interests of the State, compaaiek citizens using these logistics systems, grafiiant.
The following orientations are being proposed:

Managing data effectively to revamp the logistiester and increase vehicle load ra

Making purchasers aware of the environmental impéthe transport option they have chosen, and
incentivising them to implement action plans aimingeduce emissions across the entire logistics
E

2 _':& +



Deriving maximum value from efforts agreed to relyag sustainable logistics in public ordering.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for tHeaft
Mobility Law

h Defining and regulating co-transport of packagesrider to support the development of this new
service, enabling individuals to transport anotienson’s package during their journey.

h Taking urban logistics into account in planningcaiments (local urbanisation plan, regional
development, sustainable development and regianellgy plan, etc.).

h Regulating the activity of digital intermediaryagfiorms, which connect freight-holding clients with
public road freight transport companies, by definthe conditions for the creation and operatiorthese
platforms, as well as methods for identifying ictians and penalties to be handed out when thisrecc

Other measures to be taken by the Government bee219-2023 period
h Monitoring the launch of the Corporate and SoRiesponsibility reference base for logistics:

Supporting companies involved in the logistics eecparticularly small businesses and
intermediate enterprises, within thei

Facilitating exchanges between purchasers andilkcaiservice providers, particularly during
the call for bids phase.

h Monitoring the implementation of charters for suisable logistics in cities, at an inter-municipal
level:

Providing a “national framework for sustainableistigs in cities’ charters” for local councils,
in order to encourage towns and cities to make ntaly commitments in this sector, in
partnership with private operators. Creation )

Supporting local councils during the implementatiéthe “national framework” at the inter-
municipal level (support programme delivered wittlie framework of the energy savings
+

Providing financial support for local councils ireptenting urban logistics actions, which
enable them to achieve energy savings (standardistiohs within the framework of the
energy savings certificates scheme).

h Encouraging charter companies to implement agtians to reduce emissions of atmospheric
pollutants and greenhouse gases associated wiftetpht they generate.

Challenges and general orientations

French policies for the development of infrastruesuand service operations (notably freight) shdéd
connected to those in other European countriesetimelude the establishment of European freighdmrs,
support for port freight policies, development adjpcts in partnership with the EU (particularlpss-border
projects), and the mobilisation of European funds.

The dynamic strength of the French economy ankbgfistical performance levels stems from the cousitr
connection to Europe, ensuring that goods arela®d in the most fluid and economic way possible.

Public policy must evolve, at the very least, wabard to the two extremities of the logistics ahanproving
the competitiveness of maritime entry ports andr ttegrestrial access routes, and effective manage rof
the explosion in final distribution flow rates.

Intentions of the State regarding clean mobilityegislative proposals, including proposals for tteaft
Mobility Law

h Increasing investments in mass transport infragiras:

M7*G# )
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€2.3Bn over ten years to support the developmepbus, as well as their rail and river/canal
connections with the surrounding area.

Other measures to be taken by the Government bge2(19-2023 period

h Transforming the economic model for ports in orbebolster the recovery of maritime traffic by
major maritime ports.

h Improving competitivity of logistics chains andoxering market share by providing greater clarity
regarding the governance and digital transitiothefkey port areas of the Seine, Mediterranean-&i8aone
and the North (CIMER).

h Making all methods of CCS (Cargo Community Systepgrations interoperable with one another
at the national level, and opening them up to elbvant operators under attractive conditions witttie
framework of the Union Customs Contract.

h Designing and distributing innovations enabling treduction of polluting emissions from
waterway vessels (freight transport, passengerspan, inland fishery, ships contributing to sowgne
missions like maintenance, police, rescue)):

Identifying innovations and fostering cooperatian teat operators conduct collaborative
projects (transfer of innovation - ) +

Implementing an approach of ship electrificationnbydulating energy generation so that it
can be adapted

Examining requests of exemption from the rulesrtabée innovative motorisation engines
and to allow them nation-wide or only for specdieas in compliance with the article D4220-
4 of transport code (decree “limited area”) andupport evolutions of the European standard
laying down technical requirements ES-TRIN as phthe European Committee for drawing
up standards in the field of inland navigation (CESn order to promote innovative ship

Assisting with engine replacement or upgrade ptsjéd the French level, the Modernisation
and Innovation Assistance Plan (PAMI), led by theFR/is currently being ratified by the
European Commission, and will enable financial supor engine replacement/upgrade
projects

Mobilising existing calls for proposals at natiomald European levels to support innovations

As part of an inland navigation inter-branch orgation (if created), developing R&D on
energy transition, supporting and conducting ptsjedich facilitates cooperations between
operators.

h Initiating a study to objectively assess the quaif service offered by SNCF Réseau.

-- Overseeing the improvement of information reliyfay network characteristics made available by
SNCF Réseau to rail operators.

h Initiating a reflective process on the referen@sds and assessment procedures used for
Exceptional Transport Notices, as well as gaugedeasference bases.

h Pursuing the development of rail motorway services
h Revitalising direct connections between factologgétics facilities and the national network.

h Initiating a prospective study on the capacitiegans-shipment facilities for modes of combined
transport.



h Maintaining assistance for the operation of regatembined transport services in order to promote
the use of ralil, river and maritime modes of tramsfor the movement of freight:

Reaffirming the principle of support for the devmieent of regular combined transport
services offering an alternative solution to end-to

Submitting new support measures to replace théimgisnes.
h Pursuing efforts already undertaken to boost lzapifreight routes:

Supporting the consultation approach between SN&e&u and
#
3 ,

Optimising costs of infrastructure upgrading andnteanance.



Appendix 1. Review of the SDMP, 2016-2018

Managing mobility demand

Certain actions have been completed or are cuyrantperation: supporting the implementation afiomal
mobility plans, studies commissioned by the CEREdural and peri-urban mobility, management okpea
journey times, raising awareness of mobility opgiddased on household location, and experimentsomith
demand transport. Several studies are in theil $izges, and others are waiting to be launchedhk as the
assessment of mobility needs in relation to thanagef the population. Other actions focusing orabm
businesses or vulnerable sections of the popul&tee not yet been solidified.

Development of low-emissions vehicles

This measure essentially involves regulatory astiorhich have been completed in accordance wittngla
timeframes: support for electric mobility and hyglea via Article 37 of the LTECV regarding the reqgement
and upgrading of public fleets, publication of atibi@al Atmospheric Emissions Reduction Plan (PREPA)
application of new European regulations on non-rgaldicles, and inclusion of motorised electric two-
wheeled vehicles in the ecological bonus scheme.

Actions pertaining to the safety of parking andrgiveg points for electric vehicles, as well as thaise of
batteries, have not yet been rolled out. FollovilrggCOP21, the SDMP also plans to launch a gladdbfar
projects with the aim of placing an electric cartl@ market with a price tag of less than €7000.

Development of the alternative fuels market andalapent of corresponding infrastructures
Four out of five regulatory actions have been exdul:
& 21" 417
Publication of a national framework for alternatiuels (CANCA) on 7 Februa1?:
Decree no. 2014G ?4W  417:

Modification of Government orders defining techmispecifications of fuels, in order to add a
display standard — for vehicles and pumps — dedigménform consumers on the compatibility
of their vehicles with the fuels being supplied.

The last action (which has been sanctioned butdetvered) concerns proposals for a re-launch ef th
specialised support programme aimed at local ctsufari electrical charging networks.

Optimisation of existing vehicles and networks

All actions within this measure have either beemgleted or are underway. The “@0bjective: Committed
Transporters” programme has been in place sincé.40ical charters for sustainable urban logistiageh
been signed by six volunteer district councils, aatlonwide roll-out is planned for 2018. The presjve
study on the challenges, obstacles and opportaritiogistical partnerships and shared platfonas been
delivered. The CEREMA published a report on 7 Babr 2018 on lessons drawn from the experiment of
lowering the speed limit from 90 to 80km/h, and Bréme Minister announced the implementation of the
measure, effective from the beginning of the sagae.y

Improvement of modal shifts

Actions here involve the development of reportmesaf which have been completed, such as the daweliot
review for the inter-urban bus market and its imtgecmobility choices, and another on the calldoliective
transport projects in December 2014. The repotherfbreathable cities” call for projects is bergnpiled,
and will be completed in late 2019. As this reg@mines the bicycle-kilometres compensation scHeme
agents of ministries responsible for sustainableeld@ment and their public establishments, theexgvi
process has not yet been initiated — as not entoghhas elapsed to obtain a measured view ofdhense
(which began on $eptember 2016).



The action regarding port spaces is highly spedifieolving measures to standardise the costs ofllivey
shipping containers between various transport mbdkisig ports with inland facilities, notably im¥our of
river/canal transport. For the moment, only ondnsaitiative has been successfully establishetheaDunkirk
port.

Development of collaborative modes of transport

This action combines a number of studies currdsging carried out by the CEREMA. The study exangnin
feedback and best practices gleaned from freedaireservices has been completed. Others are dyrient
progress.

Review of Thematic Strategies

The thematic strategies are currently at varyirgges of completion. The draft national strategy for
experimentation and development of automated vehislas presented to the public on 14 May 2018.ewhil
the French Institute of Transport Science and Teldgy and Network Development (IFSTTAR) is working

on the development of energy-positive roads.

Global overview

Out of a total of 12 studies to be launched unkderSDMP, three have been completed, six are ungeang
two are in their final stages. Three studies hateget been launched. Among the 26 actions to ipéemented
as part of the strategy, 13 have been completght are underway and five have not yet been lauhche

Most of these actions are underway or completethamit levels of achievement are varied and theitoong
indicators are sometimes difficult to define.



Appendix 2. Overview of existing strategies and plas of action



Appendix 3. Navigational guidelines on electricalltarging points

The development of electric mobility will requiteetprovision of a network of charging points, watifficient
density and quantity to cover all types of userdsedhis is a condition essential to the successeadiftric
vehicles, as the absence of a high-performancgiciganetwork would be a huge psychological batdethe
purchase of these vehicles.

Under the terms of the strategic contract for théomobile sector, the Government has committed to
guaranteeing a ratio of one charging station fergten vehicles in circulation, i.e. a total o0J@00 public
charging stations by 2022 if the sector reacheshbjsctives. When applying this overall ratio, fireferred
method involves taking into account the need fdslipucharging stations based on the type of haltat
mobility involved. This document aims to put fondam assessment of the demand for low-poweredeanid s

h helps to identify
zones in which demand will be highest.

The analyses presented in this report have beepitamhibased on the National Survey of Transportlaasel

(ENTD), which was carried out in 2008. During thigvey, journeys taken by 10,177 vehicles wererdsgb
over a one-week period. The conclusions drawn bal@postulated on a scenario in which all thebecles

become electric, and require charging stationsu&$, this hypothesis will need to be adapted deioto be
applied to a deployment phase, during which it nrapspire that the supply of charging stationsaalye
outstrips demand, or that additional public serwiedl be necessary in order to compensate folable of

availability of domestic charging points (espegiall apartment buildings). Based on the data frioisigurvey,
the changing needs of each of these vehicles heste $imulated for the week-long period during whiay

were observed.

Stationary charging

A certain proportion of drivers will be able to cba their vehicles at home using a low-powered sb(k5
to 7kW). A certain number of wallbox-type devices already widely available in commercial outltisese
devices can also be installed in private parkirgasiin collective residences, or in covered parkengs. For
drivers having installed these devices, chargingusually be done overnight, and requirementsems of
public stations are limited. A useful starting goitherefore, would be knowing how many vehicles ldely
to be permanently parked in public spaces, as @uohhrging points will be essential for all thesers.

The National Survey of Transport and Travel inctiidequestion on the usual type of parking space bge
each vehicle. The response fields described whatneles were usually parked during the day andgiitn
enabling the deduction of the number of vehicleg thould not have access to a private chargingpstift

they were electric.
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Figure 1: Requirements of vehicles parked on publicls, per type of habitat (share of number oficlel)

At the national level, 16% of vehicles were pernmlygparked on public roads and would not have s&ce
to a private charging point either during the dagtonight. These vehicles therefore could notlbetefied
without the sufficient presence of charging pointpublic areas. The type of habitat involved has a
significant bearing on this ratio: only 5% of vdki are parked on public roads outside urban anddle
this figure rises to 25% where buildings are presen
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Figure 2: Requirements of vehicles parked on publas, per type of area (share of number of vebicl

Demand from vehicles parked in public spaces reptesl 21% of vehicles in Paris, but 24% in suburban
Paris, and 28% in major urban areas (centres anuabeas with over 100,000 inhabitants). It appieeodnly
11% of vehicles in rural communities.

Simulation principles

For each of the 10,177 vehicles sampled by the ENCFarging needs over the course of one week were
simulated based on data from vehicle logbooks. Sitreey was carried out over two visits: during fingt
visit, a household vehicle being surveyed was pickierandom and a logbook was provided to recoed th



vehicle’s journeys. The second visit took placthatend of the week, and allowed the surveyorsileat the
data on the journeys taken.

The same sequence of journeys was considered feeatmnic vehicle with autonomous range of 200knara
energy consumption rate of 15kWh/100km. This vehwebuld have three options for electrical charging:

A low- . @+
A moderate- . D 44 @+

A high-powered charging point (over 50kW), whereatioer option was available.

In order to encourage drivers to develop ratioedlisabits for the use of charging stations, tharmistructure
would include a fixed rate for the connection, angkice rate that was proportional to the amouninaé for
which the vehicle occupied the charging point. Simeulations were based on the following price indeixh

amounts having been adapted so as to minimiserteéals and ensure financing for charging stations.

Type of charging> Power Cost of charging Comments

Low power 7KW €0.31 + €0 17/hr Free_ if charged at home or in a covered
parking bay

Moderate power 22kW €0.50 + €0.18/hr -

High power 50kW €10 + €5/hr Disincentivising price index (chargir
reserved for long journeys)

The price )

be priced separately without any additional impad¢erms of charging choices.
For simulation requirements, certain restrictiorssevplaced on the conditions of charging:

Only full charging is possible.

This final condition enables a simulation, for eaehicle logbook, of the combination of connections
which limits the total cost for the user. The siaiidn uses a dynamic programming algorithm, agdiega
results in order to determine the total numberasinections per hourly interval in a typical weekeTheed
for charging stations is therefore equal to theimar number of simultaneous connections over these
of a typical week.

This approach was applied per category of resideatea for slow charging, and at the nationallléwe
moderate charging power. The need for high-powehedging should be subject to specific data pracgss
as the results were not decisive in the samplerobde

In order to take into account limitations in thegess of matching vehicles to charging points wtal
scale, and to ensure the permanent availabilipubfic charging points, it will necessary to plan o
installing a number of stations that is slightlglnér than the maximum identified requirements. €tise,
the time spent searching for an available chargoigt will become prohibitive, and drivers will nbe
guaranteed to find an available station near tw thestination. A ratio of 1.25 has therefore bapplied to
the number of low-powered charging stations, aratia of 1.5 to the number of moderate-poweredasiat

132 It should be noted that the eventual categasisavill need to cover all power levels. This witlean categorizing
charging levels between 22 and 50kW, as the “maeelavel currently designates power levels of egw 7 to 22kW.
The specification could become:

Low: i 7kW

Normal: 7 - 22kW

Moderate: 22 - 50kW

High: >50kW



Additional scenarios

In addition to the central scenario described aptwe supplementary scenarios have been studied:

A scenario including a flat rate for slow chargimgwhich the price index does not depend on the

A scenario in which vehicles’ autonomous rangextemded to 400 kilometres (instead of 200km):
this is the vehicles’ practical range, i.e. afteddction of the amount of power drivers feel thaysm
reserve in order to avoid breaking down.

The price index for the use of charging points lbeen changed in both of these scenarios. In eaeh tee
prices and times have been adjusted so as to realuitar as possible, the need for charging sttion

Type of charging Central scenario Flat rate for slow chargin ﬁg(t)(l)(rrlr(])mous range
Low power €0.31 + €0.17/hr €2.00 €0.21 + €0.22/h
Moderate power €0.50 + €0.18/hr €1.01 + €0.45/hr .6%E0 €0.20/hr

High power €10 + €5/hr

Simulation results

In the central scenario, around 2.2 million chaggatations are needed to cover the needs of aitlesh
(excluding moderate-powered charging). This comwadp to a ratio of 6.5 stations per 100 vehicles.

The breakdown of charging needs is not uniform sgtbe country. Regarding low-powered charging, the
ratio necessary to cover all needs rises fromdtatrons per 100 vehicles in rural zones to 11cstatper 100
vehicles in large urban areas. The national avesager stations per 100 vehicles, to which we adg 0.8
stations per 100 vehicles for moderate-poweredgiigr

In case of a flat rate for low-powered chargindvehs are not incentivised to shorten their chaggimes, and
the need for financial balance would require thepdion of higher price indexes. Total requiremeénterms
of charging stations are higher, corresponding%cs6ations for every 100 vehicles.

The number of low- and moderate-powered chargiagjosis necessary is not very sensitive to vehicle
autonomy levels. When autonomous range rises f@dn@ 400km, requirements fall by 12%, giving aarat

of 5.8 stations per 100 vehicles. However, needt&ims of high-powered charging decrease in a more
significant fashion.



Type of residential area Central scenario FIELL T IOV.V' LIS [ENE
powered charging 400km
Paris 49,000 49,000 49,000
Suburban Paris 204,000 210,000 202,000
Paris hinterland 55,000 61,000 53,000
Large urban areas (>100k 495,000 551,000 455,000
inhabitants)
Suburbs of large urban areas 300,000 308,000 200,00
Small urban areas (<100k 194,000 207,000 157,000
inhabitants)
Other areas 618,000 666,000 490,000
Total low-powered charging 1,915,000 2,052,000 3 690
Moderate-powered charging 269,000 248,000 230,000
Total charging stations 2,185,000 2,300,000 1,99%,0
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Figure 3: Number of low-powered charging statioes@ssary to cover all needs (ratios based on numwiber

vehicles, category of residential area, and censinario)

Price rates for the use of public charging statfmesented in this document have been adjustesltsoemsure
balance between investment costs and revenuesniiémtment cost considered is €4000 for a low-peder
charging point and €6000 for a high-powered chagioint, with a cost update after ten years ateob8%.
The price rates are taken from an optimisationrétlym which minimises total investments, while fetag a
financial balance for public charging stations.



Appendix 4. Estimation of infrastructure needs forCNG refuelling

This addendum aims to estimate the number of CNi@&lleng stations needed by 2023 and 2028 in otaler
meet the requirements of the vehicle fleet enviddgahe Clean Mobility Development Strategy (SDMP)
itself an appendix of the Multi-Year Energy Prograen(MYEP).

To ascertain the size of the CNG refuelling infrasture needed, several criteria had to be verified

An energy threshold: the total quantity of eneriggributed by refuelling stations must be able &#ein
vehicle demand, with a reasonable rate of occup#tiorefuelling stations in order -

Effective network density: stations must be spraass the country in such a way as to ensure that

A station profitability threshold: there must bmaimum number of vehicles enabling stations ta tur
a profit, so that distribution costs do not heapénalise the cost of CNG.

The effective network density criterion was exardias part of the development of the CANCA objedtive
This examination has led to an estimated requirémoeat least 140 refuelling stations to ensuredie
national coverage.

Energy analysis

The CNG fleet being considered is indicated inSBMP as:

2017 2023 2028
LCV 8200 40,000 110,000
HGV 1350 25,000 60,000

Based on the energy performance objectives indidatthe SDMP, and assuming a constant rate ofannu
kilometres covered per vehicle as well as the liteak between various types of heavy vehicles,dtad t
demand for the CNG fleet, expressed in tonnes dbdBlestimated at:

2017 2023 2028

TOTAL CNG demand (in tonnes) 63,000 420,000 910,000

of which LCV (CNG) 8000 34,000 82,000

of which HGV

of which tractors (LNG) 10,000 173,000 400,000

of which trucks <19t (CNG) 2000 39,000 85,000

of which trucks >19t (CNG) 4000 110,000 250,000

of which buses/coaches (CNG) 37,000 64,000 90,000

Buses and coaches are considered as being prirhailgd via a nocturnal refuelling system in reser
depots. They are therefore not considered in thkeseetion of this exercise, which aims to provaae
estimate of the number of stations open to theipubbr other types of vehicles considered, we have
assumed the following autonomous ranges per typelutle, expressed in km:



2017 2023 2028
LCV 300 350 400
HGV
of which tractors (LNG) 1500 1550 1600
of which trucks <19t (CNG) 400 450 500
of which trucks >19t (CNG) 400 450 500

Supposing that each fill-up fills 80%

of the tattkis gives us the following number of fill-ups:

2017 2023 2028
LCV (CNG) 550,000 1,800,000 5,600,000
HGV
LNG tractors 30,000 600,000 1,500,000
Trucks <19t CNG 30,000 450,000 970,000
Trucks >19t CNG 70,000 1,300,000 2,900,000

In this approach, the estimated refuelling timedoiL.CV is 5 minutes, and 10 minutes for a heawiale.

All tractors are considered as fuelled by LNG, gsiefuelling stations located along the TEN-E. Kauc
weighing >19t are fuelled by CNG and refuel atistet located along the TEN-E. Trucks weighing kbss
<19t and LCVs refuel in urban areas away from tB&lJE, according to values defined in the CANCA.

Stations along the TEN-E are designed for high flates, equipped with four pumps (source: AFGNWegi
two CNG and two LNG, or four CNG), and for which estimate fill-ups to be carried out over a timafea
of 4hr/day/pump (equivalent to current diesel stad). A higher occupancy rate for stations will stimes
lead to the formation of unreasonable queues.

/

- ‘&

carried out over a timeframe of 4hr/day/pump ineortd avoid queues.

In these conditions the maximum annual capacitgfations, in number of fill-ups, is:

-ups are

2017 2023 2028
TEN-E CNG 35,040 35,040 35,040
CNG urban area 32,440 32,440 32,440
TEN-E LNG 35,040 35,040 17,520
The number of stations necessary to supply aluph is therefore:

2017 2023 2028
TEN-E CNG 2 36 83
CNG urban area 18 85 202
TEN-E LNG 1 17 41
TOTAL: 23 138 325




!
to be supplied within a reasonable waiting timestations therefore indicates the dimensions ofGhks

infrastructure to be deployed.

Economic analysis
The profitability thresholds for stations have bestimated based on the hypotheses presented taltlee
below:

Stations in urban areas TEN-E stations

Investment expenditure €500,000.00 €1,000,000.00
Annual operating cost €20,000 €30,000
Margin €0.15/kg

Update rate 10%

Period Ten years

Profitability threshold

600 tonnes/year

1150 tonneslyear

Based on previously-determined energy needs, wedednce the maximum number of profitable CNG
stations for the 2023 and 2028 timeframes.

Stations in urban areas TEN-E stations

2023 2028 2023 2028
Total demand 73,000 167,000 282,000 652,000
(tonnesl/year)
Maximum number
of profitable 122 278 245 567
stations

In conclusion, the two analyses carried out allewaiobtain the following value range regardingribhenber

of CNG supply stations:
2023 2028
Urban area TEN-E Urban area TEN-E
Result of energy85 53 202 124
analysis
Total: 138 Total: 326
Result of economic122 245 278 567
analysis
Total: 367 Total: 845

The energy approach gives the lower value of ardittl stations in 2023 and 330 stations in 2028s Thi
threshold value represents, according to the hygseth the minimum number of stations capable ofintee
energy needs without unreasonable waiting timesagibns. It should be noted that the number diostsiis
highly sensitive to the use characteristics ofréfeelling pumps: time taken by each vehicle tioufil, number
of pumps per station, amount of time pumps aresendaily.



The energy approach gives the higher value of at@#® stations in 2023 and 850 stations in 2028 Th
upper value represents, with regard to the hypethaslicated, the maximum number of stations tbatdc
be profitable. This number of stations is highlpsigve to the margins achieved by the stationkilegram
of NVG sold, and also, in particular, to supply tsosonnecting these stations to the natural gassport

network (hitherto reserved for industrial use aad distributors) would enable a notable reductiosupply
Ccosts.









Article L.141-5 (IV) of the Energy Code stipulatdsat Zones that are not connected to the continental
metropolitan grid, with the exception of Saint-MaySaint-Barthélemy and the zones mentioned iagraph

| of this Article, are addressed in an appendixhte Multi-Year Energy Programme referred to in @leil.
141-1, in accordance with the procedures laid ddaynhe decree referred to in Article L. 141A8cordingly,

the Ponant Islands that are inhabited all year dpbat which are not interconnected — i.e. then$aof
Ouessant, Moléne, Sein and Chausey — are addriesaedappendix to the national MYEP covering 2019-
2023 and 2024-2028.

These islands have a special energy configuratoause:

In terms of mobility, Chausey, Moléne and Seinamost vehicle-free — there are only three or four

vehicles, used for emergency services, to provigesport for people, and for refuse collection. On

Ouessant, the situation is different — there amuaBy00 vehicles year-round and double that number
in summer.

Heating is mainly electricity-based, representi@§o/of homes on Moléne, 73% on Ouessant, 80%
on Sein and 100% on Chausey. Fuel oil is not usethm 23% on Moléne (28 dwellings), 20% on
Ouessant (90 dwellings) and 10% on Sein (13 dwg)inThe other dwellings are heated with wood.

Electricity is therefore fundamental to these idgrespecially as they are not connected to thelama power
grid and must produce their own electricity.

10.1. Evaluation of actions undertaken since 2016 af 31 May 2018

As of 31 May 2018, the evaluation of the first an8 undertaken was positive and encouraging: 165BMW
electricity savings (compared to a target of 750MVehd 217MWh of energy produce from renewable
sources. That represents a 563m3 saving in fuebogumption. The carbon footprint of Ouessant) &ad
Moléne has made major improvements: carbon dicaadissions have fallen by 22.9%.

10.1.1. Demand management
For many years, several initiatives have yieldgdificant gains in demand management, including:

A Public Interest Programme (programme d'Intérénéead (PIG)) for housing renovation on the islaonéls
Ouessant, Moléne and Sein, in partnership withARNA&H (French Housing Improvement Agency), the
department of Finistere, the Region of Brittang ADEME (French Environment and Energy Management
Agency) and EDF, provided funding for 156 projemt$éween 2012 and 2017.

The 2015-2020 partnering agreement between thenPtslands Association, the State, and the Regit® s
out activities relating to:

Energy efficiency in community property with themaof improving the energy performance of the emggti

Public lighting with the installation of LEDs.

The "Local Energy Loop" (BEL) launched by the Bxity region in 2015 for the islands of Sein, Moland
Ouessant. These three islands are engaged in gy érasition approach with energy managementeptsj
(distribution of LED lights, incentives for the lepement of cold appliances, hydro-efficient kiehergy

The “Positive Energy for Green Growth Territorig’EPCV) project, sponsored by the Ponant Islands
Association, particularly on behalf of Molene, Osest and Sein. The objective is to continue andnekthe
actions taken to control energy demand over thesesy(distribution of LEDs, hydro-savings kits,@ntives
to replace refrigeration appliances), in buildirfgaergy improvement in public buildings), clean rgres
(local renewable energy production, self-consunmptahiarging stations for 100% renewable electrigales)

< +



On Chausey, during summer 2017, a campaign invglthe distribution of over 400 light bulbs and wate
economisers reached 80% of homes.

10.1.2. Development of renewable energies

In 2016, the islands of Ouessant, Sein and Moléolgilised, through the MYEP and with the supporthaf
State, to accelerate their energy transition wittual objective:

" 715
Achieving a energy mix of 100% renewable energie2080.

In addition to the demand management measures tig@rigstruments mentioned above, this MYEP alt® se
ambitious targets for renewable energies with pisjeepresenting a total of 2200MWh / year:

Power generation from a tidal farm coupled to ggteran Ouessant. This project lays the foundations
0

Following the study of the photovoltaic potentiétize municipal property for the three islandsha t
Iroise Sea, conducted in early 2015, projectsstaihphotovoltaic panels on roofs in order to datk
part of the production to recharging community &lecvehicles (self-consumption) or the public

Project in the operational study phase includirg ltng-term installation of wind turbines on the
island of Sein. This project may evolve based enctntribution of photovoltaics.

The recent start-up dates of the facilities meaat thpresentative figures for the year are notlavig.
However, initial projections suggest that renewalergies will represent 10% of the mix in Sein bativeen
5% and 10% in Ouessant in 2018.

Currently, the development of renewable energyqatsjis based on over-the-counter contracts agrvéad
EDF SEI under the control of the CRE (French Endggulator), within the limits of the objectivestbfs
MYEP. In order to facilitate project planning, tRenant Islands Association has proposed to helpichals
and to regroup the smallest projects so that taeybe studied by the CRE based on a standardigkd gr

10.1.3. Managing the supply-demand balance

The goal is to achieve a multi-energy system calipli¢h storage solutions, with the aim of redudjageven
eliminating) the consumption of fuel oil. The udestorage should be optimised by effectively cooglihe
reinforcement of network infrastructures with firmmordination of each element of the value chahusT a
smart power grid will make upstream correlation amdimisation possible for the production phases
(modelling of solar capture, adjustment of produetito suit needs, etc.), storage / depletion phases
(optimisation of energy transfers between producpioints and storage points, etc.), then, ultingagrergy
use and consumption phases (e.g. installation aftsmeters to improve the real-time responsivenésgse
low voltage power grid). This smart management Ehmake it possible to manage the renewable ebitgtri
injected into the grid at any given moment whil@lgimg energy to be transferred between produdiroa
and use time (to respond to need, smooth peaksparmsate for the intermittency of some renewable
generation).

To meet this goal:

Storage facilities have been installed in Sein@uodssant to absorb intermittent renewable genearatio
715

Management systems for the different componenthefpower system have been implemented
(storage, groups, renewables, consumption). Theesglg Management Systems (EMS), which have
already been deployed on Sein and Ouessant, mgkesdible to optimise the operation of the

The deployment of Linky has facilitated the estsiioinent of fixed off-peak hours and will allow off-



peak hours to be set based on renewable produbgdping to maintain the balance between supply
and demand.

This smart grids’ ambition is supported, in patdcuby the following programmes:

INTERREG Transmanche (ICE), supported on Quessaimfiovation in smart management of tidal

SMILE (smart ideas to link energies) rolled outtbg Brittany and Pays de la Loire regions, provides
a “green islands” component, supported on Yeu ames€ant for the development of smart grids.

10.2. The specific framework for equalisation in np-interconnected
zones (NIZ)

Due to the specific constraints of the NIZs, eleityr generation costs are much higher than in taaih

France. Consequently, regulated sales tariffsragficient to pay for electricity generation irele zones. To
ensure national tariff equalisation, compensatiarost overruns is necessary. This is calculatetth&¥Energy
Regulation Commission (CRE) and forms part of ttegeSbudget.

In the Ponant NIZs, the cost of production is alm&lusively linked to investments in thermal dundl oil
power plants used to produce electricity. So, trexage cost of the electricity generated on thelsadls is
highly sensitive to fluctuations in the price oéfwil.

Sein Ouessant Moléne Chauseyj Averageg
Variable cost 205 226 216 237 222
2014
Full production cost 250 441 260 972 415
Variable cost 160 140 138 113 141
2017
Full production cost 205 404 204 714 371

Table 1: Evolution of electricity production cogés/ MWh) on the non-interconnected Ponant islands

10.3. Ouessant

10.3.1. The situation in 2017

Ouessant occupies 15.58kmz2, has 893 inhabitant4 @@ customers, and consumed 6.2GWh in 2017. The
power demand in 2017 fluctuated between 300kW and/2Residential consumption accounts for 69% of
consumption and can be explained by the importaricelectric heating. Summer tourism creates peak
consumption at midday, related to restaurants.

As discussed in the first part of the documenipastto reduce power consumption were started ad#eago,
involving a range of agencies (Ponant Islands Aasoa, ADEME, State, Region, Department , EDF):
overhaul of public lighting, distribution of LED Has, replacement of energy-consuming cold applisacel
building energy efficiency improvements, as parthaf Public Interest Programme.

Until 2016, power was entirely provided by oil-irgenerator groups. Since then, renewable enengies
been developed:

Photovoltaics with three plants of a total inst@lleapacity of 60kW: one of 54kW, hosted on a
community building by the Finistére Energy Unior2@l7 and the other two of 3kW each owned by
private individuals.

A marine turbine (D10) developed by Sabella, wBlORW of injection capacity, has been connected
and has undergone trials. It is currently beingised, with a return to the sea being scheduled for
September 2018.
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The development of wind power, given the very higlality of the island’s wind resources. The
commissioning of a 900kW wind turbine is planned 2021, subject to obtaining the necessary

The development of tidal energy with the commissigrof two additional turbines with an individual
8ll@ 73@

The use of biomass remains an open question. Windefeasibility of a wood energy sector is
incompatible with the island’s air and pedoclimatinditions, a study of the energy potential of
fermentables (reuse of household waste, green wastk the potential of the vegetation cover
requiring heritage management (maintenance of laath appears necessary. A study will be
conducted to evaluate the potentials and poss#siliof technological solutions adapted to the
available volumes and biomasses, taking accoutiteopossibilities of pooling with Moléne (same
shipping line). This will also involve evaluatinget feasibility and cost of mobilising biomass in
Ouessant’s energy mix.

In terms of management of intermittency and coarttm of uses

The current size of the battery (1MW / 500kWh) Ideato absorb up to 500kW of additional
photovoltaic capacity. The commissioning of thedvimrbine and tidal turbines will lead to an in@ea
43@ $43@ +

The deployment of Linky will enable peak hours ¢ohodelled on the operating ranges of renewables,

in line with the implemented off-peak hours timg.lan experiment on the alignment of peak hours

with tide times will be implemented in some homessaon as the D10 tidal turbine is put back in
: 417?;+

Drivable electric vehicle charging facilities whilke interfaced with the grid coordination system.

In the context of a 100% renewably powered island@80, coordination, flexibility and storage systewill
be adapted and subject to analyses:

, ) <

Study of medium-term storage solutions (e.g. hyenpgn order to move towards 100% renewable

"Vehicle-to-Grid" (V2G)

Ongoing demand management initiatives.
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10.5. Sein

10.5.1. The situation in 2017

Sein occupies 0.58km?, has 215 inhabitants andcB8@mers, and consumed 1.5GWh in 2017. Average
power demand in 2017 fluctuated between 50kW arik\80 Residential consumption represents 64% of
consumption and is explained by the importanceladtec heating, with a peak between 20:00 and 23:0
between dinner time and the time when water heatétsh on. Large numbers of summer tourists crpesd
consumption at midday, related to restaurants.

As discussed in the first part of the documenipastto reduce power consumption were started ad#eago,
involving a range of agencies (Ponant Islands Aasoa, ADEME, State, Region, Department , EDF):
overhaul of public lighting, distribution of LED Has, replacement of energy-consuming cold applisacel
building energy efficiency improvements, as parthaf Public Interest Programme.

Until 2016, electricity production was provided thyee fuel-oil generator groups with a total capaof
810kVA and three photovoltaic installations wittotal installed capacity of 14.6kW. Since then engable
energies have been developed:

Five photovoltaic installations were commissionetiWeen 2017 and 2018 by the Finistére Energy

and Equipment Union (Hatchery, Maritime Stationubizal Centre and Fire Station) and by Finistere

Habitat (15kW in self-consumption). When theseatded to the pre-existing installations, the total
?TA @

Two small vertical self-consumption wind turbineshaa total capacity of 7kW were installed in 2017
by Finistere Habitat.

In a full year, these facilities should produce @i®OMWh / year, or just over 10% of consumption.

In accordance with the first Multi-Year Energy Pragme, EDF SEI has launched three actions for the
network integration of new facilities based on imitent renewable energy:

A storage system (based on 200kVA / 180kWh Li-  +

An infrastructure for innovative management of tdbion between the various generation sources, to
maximise the renewable share. Additionally, anrfatee between the reverse osmosis unit supplying
the freshwater network (whose power can reach 4Gkl )the coordination infrastructure will be put
in place in June 2018. This infrastructure will rmakpossible to operate the reverse osmosis system

Finally, the deployment of Linky meters began id@@nd 83% of customers now have them installed.

All of these actions already make it possible, wikiem conditions are fulfilled (high photovoltaic vper,
sufficiently loaded storage system, low consumptitmturn off the diesel units:

417: ) Al

In May 2018, the commissioning of an additional B6&f photovoltaic installations (facilities at the
ferry terminal and the fire station) made it poksito extend the operating life without the thermal
groups: A total of 96 hours in May 2018, in partisithe week of 21 May, with several days at around
ten hours per day.

Note that photovoltaic capacity injected into tlework may exceed the demanded capacity at times.

10.5.2. Objectives for the 2019-2023 and 2024-202&iods
Demand management initiatives must be continued

Renovation of the infrastructure in place to redtive electrical consumption of buildings and
) *1

New campaigns for distribution of LEDs and replaeetof energy-consuming appliances.
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10.6. Chausey

10.6.1. The situation in 2017

Chausey (0.65km?) refers to both the archipelagbtha Grande Tle (0.45kmz2), which is the only initedb
island (11 inhabitants year-round and 123 customér2017, Chausey consumed nearly 500MWh. Power
demand varies between 20 and 250kW and shows isimtifseasonal variability: only about ten people |

on the island during the winter but there is a magjux of tourists during the summer holidays dngh tide
periods (approximately 200,000 visitors a year).

Two demand management initiatives were launch@®iv:

An Energy Demand Control Agreement (MDE) signeduty 2017 between EDF SEI and Granville
3

In August 2017, EDF, the Channel Energy Union (SDEMd Granville City Council carried out a
joint operation with the inhabitants of the islafiod the supply of LEDs, efficient tap nozzles and
shower heads, distribution of more than 400 LEbbaind water economisers for 80% of homes.

The electricity mix is currently 100% thermal. Nmewable facilities have been installed on the&I&tudies
of photovoltaic resources were conducted by then@&lsEnergy Union. The conclusions presented t&itye
Council at the end of June 2018 show a total piateexceeding current demand. This potential most he
analysed against environmental criteria.

No storage or coordination system has yet beeinmalaice. The deployment of Linky meters begandfh&
and all active customers now have them installed.

10.6.2. Objectives for the 2019-2023 and 2024-202%iods

The objective is to launch the transition todayider to approach a 100% renewable mix on thedskgn
2030.

Discussions are underway with the Ponant Island®diation and EDF SEI about the implementation of a
residential programme aimed at providing finaneiasistance for thermal renovation works on builgling
(replacement of windows, insulation, etc.). In diddi, as part of the MDE agreement signed with @itk
City Council in 2017, operating agreements sucheasvation of public lighting, further distributisrof
LEDs, installation of heat pumps to heat permagemttupied premises or replacement of energy-intens
appliances are being studied. It is estimateddatvasumption will descend from 502MWh in 2017 to KBUh

in 2023 and 400MWh in 2028.

Several renewable energy sources are being coadiftlar Chausey:

Photovoltaic is the simplest source to implemerthan estimated load factor of around 1100 hours /

A small wind turbine would supply significant cafigscdue to weather conditions on the island.

(

Furthermore, studies must be conducted to asseseghurces and the feasibility of other renewable
energies, including marine (tidal, etc.).

The ongoing study into solar photovoltaics showgificant potential, which would enable the goall60%
renewable energy in the energy mix to be achiewét, a linked storage system or systems. Thesétiesi
will have an impact on the environment, which Wwaldescribed in studies and shared during thegungjuiry
(necessary for any installation of more than 3kVifese studies will also highlight positive exteitned
serving public interest (gradual cessation of gatoergroups, removal of pollution risks, food sétyyetc.).

In terms of intermittency management and coordomatif uses:

The implementation of differentiated off-peak hqurseade possible with the deployment of Linky,
will enable power demand to be limited and, simdtausly with the development of renewable
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11. MYEP monitoring indicators

The following indicators will be monitored each yeareport will be produced and presented to tiadidwhal
Council for Ecological Transition in September efy n+1 to report on year n. The indicators wilpbesented
in a table showing changes in the indicator sir@E52and recalling the objectives set by the MY ERte
2023 and 2028 timeframes.

Indicator Scope Unit | Source| 2015 2016 201y 2023 2&0

Control of energy demand and reduction of fossil eergy consumption

End-use energy
consumption

1 |excluding
international
bunkers

Metropolitan

TWh SDES 1641| 1629 1644 1543 | 1420
France

Primary energy
consumption

2 |excluding
international
bunkers

Metropolitan

TWh SDES 2798| 28685 2911 / /
France

Primary energy

. Metropolitan
3 |consumption of

TWh SDES 1382 13585 1412 1151 | 942

France
fossil fuels
Primary energy :
Mainland
4 |consumption of France TWh SDES 107 100 110 47 27

coal

Primary energy
consumption of | Mainland

5 TWh SDES 845 810 843| 699 565
petroleum France
products
Primary energy :
Mainland
6 |consumption of France TWh SDES 430 445 459| 406 349

natural gas

Promoting renewable energies

Renewable energy

h ) g- 34 to
7 share in end-use France % SDES 15.1 16| 16.309%5%
energy 38%

consumption




Renewable and recovered heat and cold

Indicator Scope Unit | Source| 2015 2016 201y 2023 2&0
Renewable heat 218 to
8 |and cold France TWh SDES 141 155 154 196 247
production
Met lit 157t
9 |Biomass eroPO AN rwh | spes | 106| 117| 114 145 0
France 169
Metropolitan 44 to
10 | Heat pumps P TWh SDES 21 25 28 | 39
France 54
Low and medium Metronolitan
11 |geothermal P TWh SDES 2 2 2 3 4t05
France
energy
Metropolitan
1p | Solarthermal PO twh | spEs | 1 1 1| 2 |2t03
energy France
Amount of
renewable and
recovered heating 31 to
13 |and cooling France TWh SDES 10 11 ND 25 36
delivered by
heating and
cooling networks
Renewable liquid fuels
TGAP
Share of Mainland (Pollution
14 |advanced biofuels % 0.3 0.3 0.3 1.8 3.8
included in petrol France tax)
P Customs
TGAP
Share of Mainland (Pollution
15 | advanced biofuels Erance % tax) 035 | 0.35| 0.35 0.85 3.2
included in diesel Customs




Renewable gas

Renewable gas Metronolitan
16 |share in end-use Francz % SDES 0.5 0.6 0.7 2 9to 13
gas consumption
Bi inject Mainland 14 t
17 .|ogas injected TWh SDES 0.07 0.19 0.37 6 ©
into networks France 22
Renewable electricity
Share of
48 t
1g |fenewable France % | SDES| 188 193 20 35% 0
electricity in 52%
consumption
Share of
bl
19 renevya.e_ France % SDES 15.9 175 11.0627% | 36%
electricity in
production
Mainland 25.7 t0/26.4 to
ici GW DE 255 255 25.
20 | Hydroelectricity France SDES 5 g 259 | 267
. Mainland 34.1t
21 | Land wind power GW | SDES | 10.3| 11.5 132 246 0
France 35.6
Mainland 356t
22 | Photovoltaics ' GW | SDES| 66| 72| 81| 206 0
France 44 .5
ici Mainland
o3 | Electricity from MW | SDES | 423 | 591| NA| 800 | 800
wood France
Electricity from Mainland 340 to
24 | = CCHICYIIO MW | SDES | 94 | 111| 140 207
methanisation France 410
Mainland 2500
25 | Offshore wind MW SDES 0 0 0 1500 to
France
3000
Marine energies
i i Mainland
26 |(floating wind aman MW | SDES | 240 | 240| 240 750
turbines, tidal France
turbines, etc.)
Geoth Mainland
o7 | Geothermal MW | SDES | 0 2 2 2 | 2
electricity France




Security of supply

Electricity
Indicator Scope Unit | Source| 2015 2016 201y 2023 220
00:45
Electricit ly |Mainland i
28 Seiz:i'tc'yS“ppy Fra'nce Time | RTE | 00:30 to / /
y 02:30
Development of
electric .
29 | curtailment Mainland |~ | RrTE | 37 | 31 / /
. France
capacities 2018
and 2023
Electricity
30 |interconnection |France % RTE 13.5%13.1% / /
rate
Share of power
31 |generation from |France % SDES 75.9 71.7 716 67 59
nuclear
Gas
Mainland
3o | Gas supply ainian % | DGEC | 107 | 102| 101 / /
security France
Petrol
. . Mainland
33 | Service stations Number, DGEC | 10,765 10,478 10,377| [/ /
France
Sustainable mobility
Energy
[ Mainland
34 Consumption by - Mainlan Twh | SDES | 509| 509 Nd| / /
the transport France
sector
Share of
g5 | renewableenergy| . e % | SDES| 82 86 91 |/ /
consumed by the
transport sector




Indicator Scope Unit Source | 2015 | 2016 | 2017 | 2023 | 2028
36 |DIONGY Mainland | vy | spes | 0.03| 0.06 / /
consumption France
R(-ag|strat|ons.of Mainland Annual
37 |private electric SDES |100,599 143,309 165,135 / /
. France number
vehicles
Energy poverty
Housing assisted .
Mainland
38 | by the ANAH due France Number, ANAH [49,706| 40,726| 52.266| 75,000 /
to energy poverty
Volume of
operations :
Mainland
39 |benefitting from TWh DGEC / 174.3 / / /
. France
precariousness
ESCs
Households Mainland
40 |receiving energy M DGEC / 0.17 0.17| 4 4
France
cheques
Macroeconomic indicators
GHG emissions Metropolitan Mt
41 |from energy P CITEPA | 46.5 50 54.6, |/ /
. France COeq
production
42 | Energy bill France €Bmi7| SDES | 39.67] 31.42 3859 / /
Jobs in renewable
43 |energy and France NumberADEME |323,510 334,290 NA / /
energy efficiency
Annual charges
for public
44 | electricity service |France €M CRE / 497411 / /
(excluding

equalisation)

Some methodological details

Indicators 1 to 5These report on energy consumption excludingemergy uses.




Indicators 14 and 1:5For the petrol and diesel sectors, the percerdbgmfuels is equal to the ratio between
the energy quantity of biofuels physically incorgied in the sector and total physical energy copsiom of
the sector. There is no double counting.

Indicator 16:This is the ratio of (injected biogas + biogas ugeproduce electricity + biogas used to provide
heat) / (gas primary energy consumption).

The amounts of biomethane directly used in theclesiare disregarded.
Indicators 20 to 27The cumulative capacities in service.
Indicator 28 Annual expectation of disruption due to supplyrd@d imbalance for the following year.

Indicator 29 Tariff Curtailment Capacities + Curtailment BleckExchange Notification + Adjustment
Mechanisms + Calls to Tender + Rapid and CompleangiReserves contracted for the Year.

Indicator 30 Export capacity as defined by RTE divided by ltotatalled production capacity.

Indicator 32 Share of the natural gas storage capacity omig@bvered by underground natural gas storage
capacities of other modulation instruments.

Indicator 42 Sum of FTE jobs for renewable energy, FTE jobériproved energy efficiency in buildings
(Total of markets) and FTE jobs in energy efficientthe transport sector.

Source: Markets and jobs related to energy effaieand renewable energies, ADEME: direct or indijels
clearly identified.

Indicator 44 Expenditure amount allocated to support for readder energies, cogeneration and expansion of
curtailments over the calendar year.






