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Economic benefits by stakeholder:

WhO Ca ptu res the re nt? Where the benefits go?

The investor captures only a limited share of the Off-shore Wind power rent.

Society benefits of clean energy, locally generated, jobs, energy independency.
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T — Feed-in Tariff
. Or
| Wind peiEl Operator | Market spot price + Premium (Aid)

Local Taxes
Local jobs (direct + indirect)

| Local community |

Industry Exports
Jobs / Training / Education
Environment. Climate change. Less CO2
Energy Indepency. Lower Energy Bill
GDP. Higher Growth

| Society |
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High investment costs: immature sector or permanent feature of the French context ?

Technology costs Administrative costs

Construction Finance * Long administrative procedures.
e (Call for tenders cannot consider early technology innovation.

Surety Bond

Insurance

_Turine * Financing: capital cost + risk premium.

Soft Costs
16%

 Local taxation.

Turbine
32%

* Immature Supply chain: Transaction costs.

: * Transaction costs could be higher than economies of scale
N . ciooment gains. At early stage: small is beautifull.
/ Project

Management e But sizing cables and economies of scale during construction
ci and O&M could stand wind farm large size.
UL Support Structure

Port & Staging ° . og ogeg e
Few incremental investment possibilities
Source: Tegen, S.; Hand, M.; Maples, B.; Lantz, E.; Schwabe, P.; Smith, A. (2012). 2010
Cost of Wind Energy Review. 111 pp.; NREL Report No. TP-5000-52920.

Assembly, Transport,
& Install

Balance of Station
52%




Cash-flows: Policy Support in France

European
policy

French policy

Legal and

regulatory
frameworks

France in the
United States

Consulate of France In Boston

L 7
2/

Support
mechanisms

https://www.ademe.fr/sites/default/files/assets/documents/filiere eolienne francaise 2017-syntheseeng.pdf

_ 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 = 2012 2013 = 2014 2015
Ratification Creation of the Adoption of the | T[I;-F-F L]
of the Kyoto EU ETS Energy/Cli [
protocole )
aas Profesilonal 13 o 533
783 Appeal ﬂgm’nsf‘ax el o ;
feed-in-tariff Entry into force \5{1/
- of the ICPE*
! Urban planning Entry into I ; !
. e - TECV
Law on and huusllng act pg ) ! Grenellell 1 I
modernisation ' : of the ZDE Grenelle I law ] Brottes law Eo
: ; ; law ; : ;
i ' ¥ i 1 ¥
' i H 1 ' '
'|'5| rg_g_- . ' ' 1 L
1 H : T i :
PPl 2003 v PPI200G | PPI2009 H '
L] [ ]
1
i

Tariff order
{june 2001)

L'éolien marin en France
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Source : FEE

Calls for tender
for wind farms

*

Tariff order
(july 2006)

Regional wind power plans required

“Wind Power Development Zones (ZDE)

Feed-in tariff
*

Tariff order
(november 2008)

Impact assessment and a public inquiry required m

5-towers rule

500-meters rule
Single permit

Calls for tender for offshore
wind farms

Tariff order
(june 2014)

Call for tenders 2012-2014:

3,000 MW
* Feed-in Tariffs ~190€/MWh
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https://www.ademe.fr/sites/default/files/assets/documents/filiere_eolienne_francaise_2017-syntheseeng.pdf

Bids in merit order for each hour
Price

F 3

Upward

Power Market perspectives for an energy operator

Spot price

Downward |
Spot power market price = 40-45 €/MWh (2015-19)

Wind power operator has two market options:

* Independent sale on the market:
* Day-ahead and intraday segments are the most suitable to the intermittent output;
* Market + Premium in case of missing money.

» Sale to an aggregator who further sells on the wholesale market.

. . Dawy-ahead s - Balancing Imbalance
Stz e e ' market market settlement
Years, months, weeks and days Operating
before delivery I hour I
-
+ Time
Day-ahead Intra-day Time of
market gate market gate delivery

closure closure

v



Multi-use: multi-entities. e ooty

> Energy storage — H2 for mobility > Aqua-culture

Viable model if

= optimal sizing H2 Supply-Demand,;

= optimal sharing of the sea/ harbor among operators;
= mature H2 production-storage technology.

g L 1=

1. Far-offshore:
production of renewable
fuel from wind energy by

fleets of FARWINDERS

Viable model as long as
the input is man-
indepedent and free of
costs.

2. Collection and transport 4
of produced fuel by 4 ; 3. On-shore:
ﬂ dedicated tankers 4 distribution and use
~n e - = e
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Pluridisciplinarity

—I Psychology. Sociology: Technology acceptability. Social validation of scenarios I

Constraints for l Experience.
site selection Survey
—_ I Law I
I Management I_

—pl Civil engineering I_ Sea site concession. Stakeholders
E — Legal issues validation of
PHS reservoir sizing scenarios
Erodibility —
GIS tool: investigation
Off-shore site
mapping —ri I Economics I

>I Political sciences I '

Geography of
the environment

Renewable E EI_ectrlc_: _ N | 3
energy potential engineering Optimal sizing Policy makers
site selection Energy scenarios validation of

scenarios

Energetic models:

hourly profiles of Market operation.

repewables Financial scheme :
(wind, solar) Source: Loisel et al, 2019, NEXT-PHARES
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Take-away Issues:
« Who captures the rent?

« Temporarily or permanently expensive?
« Large size: no incremental investment.

* Multi-use = multi-legal entities.







Where cost reduction has come from

. Norwegian
COSt red u Ctl O n 6Energy Par'm LCOE (€/MWh) ‘

Slarlh
Development | S0urce’BVG Associates /\ I.Itlen:hv:;ilznsibn
. . . . Turbine / ] \/Windfarmgy y
Relative impact of policy drivers on cost of oo [
energy reduction, comparing UK offshore wind farms S
with first generation in 2020 and 2030 o é—/ﬂ___.
EndF

Market (12%) Via opportunities in...

Through innovations in...

Source: BVG Associates

Project (0.9%)

Own supply (1.4%)

Turbine (4.1%)

Foundations (0.8%)

/. Innovation (1.6%) \
; R = Technology (8%)
Array cables (0.1%) \

) \
'\ ~» Supply chain (4.9%)

Supply chain (1%) / Finance (7%)

De-risking (1.7%

Installation (1%)

Wind farm operation (2.5%)

Transmission (3.5%)

\ Mechanism (2.1%) /-~ Source: BVG Associates
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Cost of capital (7%)



https://www.theccc.org.uk/wp-content/uploads/2015/06/BVG-Associates-2015-Approaches-to-cost-reduction-in-offshore-wind.pdf

When does it make sense to build a Business Plan?

* Risk = known, evaluated €

* Technology proved feasible TRL>6

Social acceptability = high level.

Scenario/ Business plan assumptions:

resources

basic research

product development

market penetration

stage of development

System test,

Launch & Operations

System [ Subsystem

Development

Technology

Demonstration :

Technology
Development

Research to Prove

Feasibility

Basic Technology
Research

CRI
] Bankable Asset Class

Market competition
5 Driving widespread development
- Multiple Commercial Apphications
3 Commercial Scale Up
2 Commercial Trial, small scale

1 Hypathetical Commercial Proposition
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| @ UK Trade & Investment

Electricity Trading

Delivery of
Gate closure: positions notified to electricity
gnd: open market trading ends
Forward Trades Prompt azl::::::gm
OTC and Bilateral,
often via Brokers Exchanges
Within -day
hours ahead: 30
Season Month Week Day 3 2 1 1hr [rins
ahead Ahead Ahead Ahead
*Bulk of trading. o remove «Last minute adjustments, : Distress
volatility, provide security wind, peaking marginal plant markets
*Reflects long term market *Reflects shorter term market
fundamentails fundamentals
Slde 11

Eectrcity Maket Reform




Effects of RES on price setting

A court terme: Les ENR poussent vers la droite (vers la sortie du marché) les centrales aux inputs chers.
A long terme: risque d’éviction du marché des technologies peu utilisées (manque a gagner, arréts /
démarrages fréquents).

Electricity Prices and the Merit-Order Curve 10
Low Level of Wind and Solar power High Level of Wind and Solar power
. oil : oil
Marginal costs Marginal costs
EUR/MWh natural gas EUR/MWh natural gas
hard coal hard coal
wind, sofar, wind, solar,
hydro
lignite
High elec
icity price nuclear
when levels Low elec-
of wind and tricity price
solar power when levels
are low of wind and _- e e
sun are high
Capacity Capacity
T oW T GW
Demand for electricty Demand for electricity

https://americaspowerplan.com/texas/ N 4
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ACB: construction des arbres décisionnels

Les options décisionnelles seront classées par ordre d’importance
économique et d’acceptabilité sociale, sous contrainte locale
d’urbanisme, de planification industrielle et d'aménagement des

espaces naturels.

”

Overall score = S, =ws, + w,s,, + ... + w.s,, = E, ws,

=1

Wy

COSTS, s;,=Uu;Z;;+U;Z;;+... Eoveonment, S;,=...

u,

(X

Safety Reliabdity PublicXport | Pedestrians

Construction Preparation Maintenance  Air qualty Biodiversty Water Time & costs Regeneration Serverance integration



Intermittence: quel type de contrat de fourniture?

Cartographie des EMR (intermittence / distance a la cote)

Intermittence 4

s |
Intermittences }F ____________ -i Eolien flottant i
7 z o on 7 9 peu prévisibles | | [ |
Quel segment du marché d’électricité fournir? | i J
. . 2 o oh aflon s ! '
Choix en fonction de la prévisibilité du volume et ] |
de la capacité (ferme ou non) a souscrire. | B 1
s || e |
| |
_____ | i
I Courants I
| |
I o }
Continu | | Osmose I ETM i
L _ S j
> Distance alacbte
0km 1km 100 km
Source: ENEA (2012) =
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Marché + prime (complément de rémunération)
remplacent I'obligation d’achat et le tarif garanti

A moyen terme, une partie des ENR ne pourra plus bénéficier d’obligations
d’achat a un prix et a une durée déterminée, et devra étre vendue sur le marché
de gros de I'électricité (Décret n° 2016-68, loi sur la TECV).

Rémunération des producteurs avec les systémes d’obligation d’achat et de vente sur
le marché avec complément de rémunération

Revenus
€

Tarif de référence T,

Complémentde =
Rémunération

Prime a I'énergie

| - |
Obligation d’ach : I
LRl s Prix de marché 1 |
: |
: |
Revenus Capacité et | |
Garanties d’origine | I
e e e e e - = =
L ) N\ )
Y Y
Avec le systéme Avec le systéme de vente sur le marché

d’obligation d’achat avec complément de rémunération




