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THE EU DECARBONISATION AMBITION AND THE NEED FOR
INVESTMENT IN CAPITAL INTENSIVE CLEAN TECHNOLOGIES



Context: the EU decarbonisation ambitions

EU Green Deal ambitions

The European
Green Deal

Following the Paris Agreement, the European
Commission (EC) is considering setting more
ambitious decarbonisation targets:

The new von der Leyen Commission announced
its European Green Deal in December 2019
proposing more ambitious decarbonisation
targets for 2030 (50-55% emissions reduction)
and carbon neutrality in 2050.
In the context of the COVID-19 crisis and the
resulting economic crisis, the EC proposed in
May 2020 an economic recovery plan that
reinforces the green transition strategy of the EU:
Financial support to Member States conditional
on investments aligned with the Green Deal
Potential introduction of a carbon border tax
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Enel Foundation study - faster and deeper decarbonisation of the EU power sector
IS achievable but requires to step up investment in capital intensive technologies

ENEL Foundation study: Sustainable paths for EU ES _ N
increased climate and energy ambition y 17

The study is available on the ENEL Foundation website: Link to the study
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https://www.enelfoundation.org/news/a/2020/09/sustainable-paths-for-eu-increased-climate-and-energy-ambition

Increased ambition in 2030 can be reached with slightly reduced system cost
and comparable investment

Annual total system costs and annual investments (bn€) in Reference,
Decarbonisation and Reference sensitivity scenarios, 2021-2030
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= Annual investments in the Reference scenario increase by 65%
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* Annual investments : CAPEX on a yearly basis excluding power network costs

* Annual total system costs : annualised CAPEX + OPEX + fuels costs (including network costs) on a
yearly basis

« Capital expenditures are accounted for in the system costs as annuity payments. A discount rate of 5%
is applied for all sectors to annualise the capex.
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SFEN study — The contribution of the French nuclear fleet to the EU energy
transition

COMPASS
LEXECON

SFEN — Horizon 2050, garantir un futur bas carbone

Scénarios 2050 —
Etude de la contribution du parc nucléaire
francais a la transition énergétique européenne

Société

Frangaise
d’Energie
Nucléaire

Conclusions de I'étude pour la SFEN

30 Mars 2020

The study is available on the SFEN website: Link to the study
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https://new.sfen.org/wp-content/uploads/2020/06/Etude-Compass-Lexecon-SFEN-2020.pdf

Keeping some nuclear in the French mix has an insurance value in the
context of uncertain deployment of RES and flexible technologies

= We model two scenarios with and without renewal French generation mix in 2050 in high nuclear scenario
of pat of the French mix (representing about 30% of
the mix) 800
®  We combine this with two sets of assumptions on 700
the pace of learning and cost reductions for key 600
flexible technologies (batteries, and P2G)
500
-
= In both flexibility scenarios, nuclear supplies a E 400
base of 30-35% low carbon generation, reducing 300
the need to develop alternative flexibility solutions
and allowing to diversify the low carbon generation 200
mix: 100
= Nuclear contributes to the flexibility of the power o
system, especially in summer 2020 2050 flexibilité 2050 flexibilité
= Power-to-Gas-to-power and/or alternative seasonal accessible limitée
storage solutions enhance nuclear generation value o Nucléaire = Hydro
for the system during the periods of low residual PV u Eolien terrestre
demand (summer): this explains the lower nuclear  Eolien en mer " Gaz ,
. . .. A . m Autre M Charbon et pétrole
generation share in the limited flexibility scenario & P2G2P u Batteries
featuring lower P2G2P capacity. B Effacement des usages actuels ~ m TAC Biofuel

Generation share
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Without the nuclear option, challenges associated to RES and flexibility
sources development are amplified

®  The absence of nuclear renewal amplifies the need for development of renewable capacity by 2050 :
® 65 GW of additional RES (+35%) in France and 25 GW in the rest of Europe
= This requires to reach the maximum French RES potential in 2050 and increase the annual installed capacity from
5.1 GWl/year (with nuclear option) to 7.2 GW/year (without nuclear option), compared with 1.8 GW/year over the last
decade

®  The absence of nuclear renewal requires further flexibility sources development :
®  36GW of additional storage capacities (29GW of batterie and 7GW of P2G2P) and 5 GW of additional biofuel OCGT

Installed capacity difference in 2050 (without nuclear option & acessible flexibility — with nuclear option & accessible flexibility
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The projected increase of power price volatility will put into question the
sustainabllity of the current market design

= By 2050, given the significant increase of RES,
there will be several hours when they will be
marginal: the power price will then be zero during
these hours.

®  Conversely, during periods of low RES generation,
the flexibility sources with a high variable cost or
opportunity cost will be marginal thus generating
peak prices.

®  This brings the question of the sustainability of
the current design of the wholesale power
markets given the associated risks for investors.

Power price duration curve - 2020 vs 2050

500
450 I — ()20
400
350 2050 - Flexibilité
accessible, avec
option nucléaire
300
=
250
= 2050 - Flexibilité
w accessible, sans
200 option nucléaire
150
2050 - Flexibilité
limitée, avec
100 option nucléaire
50
““' 2050 - Flexibilité
0 limitée, sans

fffffffffffffffffffffffffffffffffff option nucléaire

Dans le scénario avec flexibilité accessible et sans option nucléaire, le prix de I'électricité est
supérieur a 500 €/MWh pendant 32 heures.
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THE INTERLINKAGES BETWEEN MARKET DESIGN /
REGULATION AND THE COST OF CAPITAL



Power price risk increases risk premiums and financing costs

= Renewable energy projects under long term contracts Price risk (power, carbon) increases financing costs
currently enjoy low cost of capital and access to a wide

range of investors due to being considered quasi

regulated assets with low risk profiles, greater Exposure to power price
exposure to power price risk (“merchant risk”) would: risk adds a premium on SR TG
) ) ) ] reduce the premium
= |ncrease the risk premium required by investors WACC
® Reduce the pool of investors willing to fund
projects

Premium

® Literature review/benchmarking — we reviewed a
range of studies that suggested that power price risk
could add around 3-5% at least onto the WACC for
power plant investments.

Premium

WACC WACC
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From regulation to energy only markets — implications for investors exposure
to market risks

Generator’s Generator’s Generator

Infrastructure
type PPAs, single
regulation buyer (c.f.
(c.f. Ontario, UK?)
telecoms)

Improved
models (Latin energy and Energy only
America, capacity market
UK?) market
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Efficient allocation or risks for generation investment according to economic

theory

COMPASS LEXECON

Economic theory suggests that risks should be allocated to those parties
best able to manage them — Implications for power investments

Planning and licensing risk
=> Ensure predictable and credible energy policy, streamline planning and licensing procedures

Construction risk
=> To be managed by investor / passed on to EPC contractor

Operation risk
=> To be managed by plant operator

Market risk: ‘Missing market’ for long term electricity price risk hedging

= Natural counterparty is supplier with ‘sticky’ customers, vertical integration and diversification of mix are usual
hedging strategies

= Design power market that does not rely purely on scarcity pricing and price volatility to stimulate investment

= Consider additional risk transfer / hedging mechanisms to reduce hurdle rates and costs to consumers

Policy and regulatory risks: Assess impact of interventions to support specific technologies

Unpredictable merit order changes leading to fall in plant revenues because of policy intervention

= Ensure that deployment of clean technologies is predictable and at a pace compatible with amortization of
other plants

= Give visibility on CO2 policies

= Develop coordination mechanisms to ensure that transition does not create stranded costs
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Key sources of risks for investors in wind power in Europe - results of a
survey

Which risk category do you consider most important?
Average Ranking of Risks across 24 EU MS

Following countries are missing due to lack of data: HR, IE, LU, MT
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Source: DiaCore The impact of risks in renewable energy investments and the role of smart policies
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Case study 1: Impact of the move to CfDs Compared to RO regime for RES on

the WACC

B In case study 1, long term contracts in the form of contracts for difference (CfDs) provide a reference price guarantee.
B The net impact of the CfDs introduction on the post-tax EU-WACC is defined as an average over studies focusing on the UK

experience, i.e. switch from RO regime to CfDs subsidies:

WACC reduction DECC DECC :
CfD/RO (1A) (White paper) CEPA NERA Redpoint
- 0, -
CCGT +CCSs NA 0.1% NA NA 0,5% to
0,1%
Coal + CCS NA NA -0,7% to -
- 0 y
0,4% NA 0.4%
PV -0,9% NA NA NA NA
Onshore wind -0,5% -0,3% to -0,4% to -1,7% to - -0,3%
0% 0% 0,9%
Offshore wind -1,1% -0,8% to - -0,8% to - | -0,9% to 0% -0,5to -
0,5% 0,6% 0.6%
Biomass 0% -1,2% to - -0,7%
_ 0 ) )
0,5% NA 0.4%
Nuclear -0,8% -1,5% NA NA -0,2%

The reduction in WACC associated with a CfD compared to a RO (market risk) ranges from -0.3% to -0.9% depending

on the technology.

Source: DEEC (2011, 2012), CEPA (2011), Ecofys (2014), NERA (2013), RedPoint (2010)
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Case study 2: Impact of Infrastructure regulation on the WACC

B The reduction on the WACC is calculated as the difference between the current EU-WACC under the RO regime and the WACC of
regulated power infrastructure operators, with adjustment for the gearing ratio.

= Based on Exane financial data for European infrastructure companies in the EU power sector data, the EU-post tax WACC reduction is estimated at -
3,7% (before adjustment to gearing ratio).

Gearing CEPA NERA Redpoint Ecofys
ratio
0, 0, 0,
CCGT + NA NA NA NA 75% 85% 60%
CCS
Coal + CCS NA NA NA NA 75% 95% 60%
PV 70% - 75% - NA NA 75%
NA NA 80% 80%
Onshore 70%- 75%- 70% - 75% - 90% 90% 75%
Wind 75% 80% 80% 80%
Offshore 65% 70% 75%- 90%- 75%
0 0,
wind 60% | 62,5% 80% |  95%
Biomass NA NA NA NA 75% 95% 75%
Nuclear NA NA NA NA 75% 95% 60%

Sources: DEEC (2011, 2012), CEPA (2011), Ecofys (2014), NERA (2013), RedPoint (2010)

The reduction in WACC associated with infrastructure type regulation is > 3%
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THE NEEDED EVOLUTION OF MARKET DESIGN TO SUPPORT
THE DECARBONISATION OF THE POWER SYSTEM



A changing cost structure: capital intensive technologies dominate in the power

sector

* The industry cost base is moving from ‘OPEX’ to
‘CAPEX’: should pricing follow and move from
SRMC to LRMC?

« The ongoing reforms contribute to aligning costs

and revenues:

* RES support schemes moving away from production based
subsidies toward investment support (e.g. Spanish reform)

» Capacity mechanisms for thermal plants

= Spot power market prices remain key for
operational/dispatch incentives

= Investment decisions increasingly based on some
form of long term contract / regulation

Levelised cost estimates for projects starting in
2019, 10% discount rate

Large scale solar PV
Offshore

Onshore >5MW UK

Coal IGCC with
CCS FOAK

Coal-ASC with
oxy comb. CCS FOAK

Gas-CCGT with
post Comb. CCS FOAK

Nuclear NOAK
OCGT

CCGT

0 50 100 150 200
£/MWh

m Capex ®OPEX

Source: Electricity Generation Costs 2013
Department of Energy & Climate Change (UK)
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Historically most EU investments in power generation were made under
regulation or supported by long term contracts

Capacity additions in Europe based on the regulatory framework when the decision was taken

ER Regulated monopolies Liberalised sector .
o® Clean technologies -

supported

Conventional technologies -
400 Capacity payment Long-
term
m Conventional technologies -
Capacity payments Short-
term
300 # Clean technologies -
merchant

# Conventional technologies -
fully merchant

200

M Historical monopolies

100

L
/ / // } TOtal merc h ant ﬁ‘(::_lrl:tgzri%Energy analysis t:ased on F;Ia:ts,SCc)untry NECPs an CL
H European Commission - Final Report of the Sector Inquiry on Capacity
0 % % % Investment Mechanisms

CEEM - Capacity Remuneration in power markets : an empirical
assessment of the cost of production

1971- 1980 1981-1990 1991-2000 2001-2010 2011-2020 2021-2030 CEER - 2nd CEER Report on Tendering Procedures for RES in Europe

« Based on the current regulatory framework, only a small share of total generation investments in the next decade are expected to be merchant

« Some form of public support / de-risking mechanisms is needed to reach the EU policy targets
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The current set of patchwork of national Capacity Mechanisms and RES support
schemes lacks a coordinated and consistent investment framework

Capacity remuneration mechanisms Support schemes for utility-scale RES
- Capacity - Capacity Strategic No capacity Tenders No tendering Green Market Feed-in-
market payment reserve mechanism - in place - legislation certificates  Premium  Tariff

A
>

Sources :

European Commission - Final Report of the Sector
Inquiry on Capacity Mechanisms

European Commission - RES Legal

CEER - 2nd CEER Report on Tendering Procedures
for RES in Europe

CEER - Status Review of Renewable Support
Schemes in Europe for 2016 and 2017

European Commission - Final Report of the Sector
Inquiry on Capacity Mechanisms

CEEM — Capacity Remuneration in power markets :
an empirical assessment of the cost of production

a

.

CL Intelligence

In practice most countries have put in place some form of tendering and/or long term contracts to support investment in clean technologies

and/or dispatchable resources
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Toward a new market model with ‘competition in two steps’ ?

Investment planning (years ahead) Operations planning (days /hours ahead)

Competition “for” the market

Competition “in” the market

* Well integrated and liquid forward, day
ahead and intraday markets

* Optimizes short term dispatch and
minimizes costs for consumers

+ Level playing field with balancing obligation

* No distortions as subsidies not based on
production

» Tendering of long term contracts

» Can be technology neutral or specific

* Puts competitive pressure where it
matters: CAPEX

« Can be used to stimulate new entrants
and development of competitive market

» Ensures coordinated system development

B Alternatives to implement two step competition based on long term contracts :

1. Mandate an independent organization to define the type of contracts and to procure them through a
centralized auction (e.g. capacity auction, CFDs, etc.), or

2. Implement a decentralized process with contracting obligations on suppliers (e.g. capacity obligation,
renewables obligation, etc.)

g
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Conclusion: need for a market design supporting efficient risk allocation and
financing

Ongoing trend toward greater state involvement to support financing in capital intensive energy technologies — particularly
In the power sector:

= Hybrid power markets with some form of public sector involvement of long term contracts backing observed in many jurisdictions

Key lessons from the different mechanisms for public intervention across hybrid markets:
= |f well designed, state backing and long term contracts can reduce cost of financing...
... but careful design is needed to avoid substituting market failures by regulatory failures

An efficient allocation of risks is essential to underpin the investment framework for the decarbonisation of the power
sector:

=> Coordination of planning of transmission, merchant generation and policy driven clean technologies

=Risk sharing mechanisms such as long term contracts should play a role (e.g. PPAS)

—=The debate on market design has not paid enough attention on the interface with the financing costs and investment
constraints

24
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Conclusion: Global macro economic and policy context should trigger a debate in
Europe about infrastructure financing

“At present there is a global and structural need for infrastructure investment of nearly 7 trillion dollars per year, taking into account
the energy transition in addition to traditional investment requirements.

Paradoxically, the investment gap is growing at a time when governments can obtain long-term financing at very low, even negative,
rates.”

Laurence Boone, OECD Chief Economist (weblink)

Growing recognition among economists that monetary policy is reaching its limits in stimulating economic growth... and that
investment in infrastructure can be an efficient way to support the economy at times of low / negative interest rates

Global trade experiencing a structural shift, with disputes over trade agreements, suggesting that way forward will rely on a
commitment between like-minded countries to push ahead with policies supporting investment in infrastructure...which would in turn
support economic growth

—=New European Commission and revision of State Aid guidelines for energy sector investments represent an opportunity
to revisit the role of states and private sector to scale up investments and deliver on Europe's climate ambitions

25
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https://oecdecoscope.blog/2019/09/19/growth-is-taking-a-dangerous-downward-turn/
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DISCLAIMER

The authors and the publisher of this work have checked with sources believed to be reliable in their efforts to provide information that is complete and generally in accord

with the standards accepted at the time of publication. However, neither the authors nor the publisher nor any other party who has been involved in the preparation or
publication of this work warrants that the information contained herein is in every respect accurate or complete, and they are not responsible for any errors or omissions or
for the results obtained from use of such information. The authors and the publisher expressly disclaim any express or implied warranty, including any implied warranty of

merchantability or fitness for a specific purpose, or that the use of the information contained in this work is free from intellectual property infringement. This work and all
information are supplied "AS IS." Readers are encouraged to confirm the information contained herein with other sources. The information provided herein is not intended
to replace professional advice. The authors and the publisher make no representations or warranties with respect to any action or failure to act by any person following the

information offered or provided within or through this work. The authors and the publisher will not be liable for any direct, indirect, consequential, special, exemplary, or
other damages arising therefrom. Statements or opinions expressed in the work are those of their respective authors only. The views expressed on this work do not

necessarily represent the views of the publisher, its management or employees, and the publisher is not responsible for, and disclaims any and all liability for the content
of statements written by authors of this work.
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