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Sharing Experience

Building bridges between the oil industry and academic circles by delivering
technical or business-related presentations by professors or experts.

TPA 2 TPA Toolbox Energy Book 7 — Renewables ‘9@
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OIL & GAS and ENERGY GLOBAL ISSUES
A Toolbox to understand the World of Energy
in the Global Economy

The Toolbox is updated twice a year and benefits from the
contributions of TPA Professors:

Coordination: GUERITTE Christian

LUC Benoit, PERSILLON Philippe, CORDIER Jean-Pierre, PAPEE Jean, MULLER Isabelle,
DEUTSCH Denis, FOURCADE Bernard, MICHAUD Olivier, SAINCRY Daniel, FOURNIE Francois,
CHOUX Jean-Claude, BERA Jean, GUYS Philippe, DE MERVILLE Eric, DUMAY Jean-Michel,
VALDELIEVRE Michel, FONTAINE Jean-Marc, FERRIER Jéréme, BITEAU Jean-Jacques, PETTEAU
Pascal, NOSJEAN Nicolas

TPA 3 TPA Toolbox Energy Book 7 — Renewables ‘9@
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OVERALL TABLE OF CONTENTS

BOOK 1 Projects Economic Evaluation and Investment Decision
BOOK 2 Energy Industry Fundamentals

BOOK 3 Climate Change Problematic

BOOK 4 Oil Industry Fundamentals

BOOK 5 Gas Industry Fundamentals

BOOK 6 Unconventional Hydrocarbons

BOOK 7 Renewables (except hydropower)

BOOK 8 Hydropower

BOOK 9 Coal Industry Fundamentals

BOOK 10 Nuclear Industry Fundamentals

TPA 4 TPA Toolbox Energy Book 7 — Renewables {9@
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BOOK 7 - TABLE OF CONTENTS

Sharing Experience

1.

o a kw0 DB

Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments —
Potential/Diffusion/Network — Subsidies — Intermittency —
Competitiveness — France PPE — Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy

0,
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BOOK 7 - TABLE OF CONTENTS

Sharing Experience

1.

o a kw0 DB

Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments
Potential/Diffusion/Network — Subsidies — Intermittency -
Competitiveness — France PPE —-Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy

0,
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Global Remarks on Renewable Energy Sources — Table of contents

1. Renewables in the Energy Mix

2. Trends/Perspectives

3. Investments

4. Potential/Diffusion/Network

5. Subsidies

6. Intermittency

7. Competitiveness

8. France PPE

9. TotalEnergies Positionning

10. Criticality of Minerat Matters Resources

11. Dismantelment/End Life Equipment Recycling

TPA 8 TPA Toolbox Energy Book 7 — Renewables ‘9@
. . b
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Renewables In the
Energy Mix

TPA Toolbox Energy Book 7 — Renewables ‘9@



World Primary Energy Demand - 2024
+ 2,0% vs 2023

RENEWABLES

MODERN BIOENERGY
SOLID BIOMASS
HYDRO

NUCLEAR

OIL
5%

COAL

# 654 EJ
= 15,6 Gtoe*

* out of which electricity generation # 6,5 Gtoe # 31 100TWh (eq. Primary Energy)

Source: Data from IEA WEO 2025. Nota: Sums might not be equal to 100% due to rounding
TPA Solid Biomass: tradit. wood & charcoal & solid residues. Modern Bloenergy ligluid & gaseous bioenergy (biofuePA Toolbox Energy Book 7 — Renewables ‘_@

& biogases) Renewables: Solar, Wind, Geothermal, Marine Energy,.. :)
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Total Final Consumption — 2024
+ 2,0% vs 2023

By type of Fuels By sectors

RENEWABLES
BIOMASS OTHER

HEAT

INDUSTRY

OIL
ELECTRICITY 21%

BUILDINGS

COAL
GAS TRANSPORT

# 453 EJ = 10,8 Gtoe

Nota: Sums might not be equal to 100% due to rounding
OTHER relates to agricultural sector & other non-energy use

Source: Data from IEA WEO 2025

0,

11 TPA Toolbox Energy Book 7 — Renewables ‘_@
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Renewable Energy sources in the World
Primary Energy Production

different statistical concepts

Total world Commercial world
Primary Energy

VS

Primary Energy

/@ Renewables '\
\ (Gtoe) /

o

62% Biomass/Bioenergy

Renewables (%) u 8%

16% Hydro

239, Others
TPA Commercial Primary Energy excludes traditional use of biomass . . o
& includes modern liquid and gaseous bioenergy 12 January 2026 Climate change - Energy transition &
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Published figures need a correct understanding:
Installed Power vs Delivered Energy

90% of published figures are MW (installed power) while 10% are MWh
(delivered energy). Different concepts for Availability or Capacity factor

Average time percentage of electricity production equivalent
to the installed nominal power:

¢ Availability Rules of thumb (*¥)

= Fossil — Biomass 80-90% Energy = Power x Time

= Nuclear eV Energy expressed in Wh (Watthour)

. Geothermal LU Power expressed in W (Watt)

. Hydroelectricity LI 1 W — x24 hoursx365 days = 8760 Wh/year
= Wind offshore 30-40%

= Wind onshore 25-30%

= Solar 15-25%

= Marine variable

(*) with limitation on availability only (i.e. without taking into account demand
fluctuations)

Nota: Availability/Capacity Factor must not be
TPA confused with installation efficiency ratio. 13 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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REN21 Global overview

72RBEHUB

RENEWABLES-BASED ECONOMY

RENEWABLES-BASED ECONOMY

Tracker 2026

by 77 REN21

Status Report:

How Renewables Are
Transforming Economies
and Societies

-

0,

TPA Toolbox Energy Book 7 — Renewables ‘_@
b



REN 21 Global Overview 2025

RBE TRACKER

Energy Systems and
Energy Security

15% 80%

modern renewable fossil fuel in total final
in total final energy energy consumption
consumption

TPA Source: REN21 - Renewables 2026 Global Status Report 15 TPA Toolbox Energy Book 7 — Renewables ‘9@
7 b
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REN 21 Global Overview 2025

Global Renewable Power Capacity and Annual Additions,
by Technology, 2025

Solar PV dominates new capacity additions by a wide margin, while wind
continues to expand and hydropower growth remains comparatively limited,
reinforcing a shift toward faster-deploying technologies

2024 total 2025 additions

Solar PV

2,887 GW

WWind

1,305 GW

1,280 GW

Dther renewable power

I:IJBEGW
Taokal

5,655 GW

Source: IEA-PWPS, 2036, GWEC, 2026 | TREMA, 2036 - CS5F Guru, D026 (personal] Conmrm unecas oy

Migte: Data for 2025 are compiled from mulriple technology-specific sources,. Solar PV additions and toeal capacity are based on

diirect current (DC) values, “COther renewable power” includes concentrated Solar therrmal power (CS5F), DhGs- poswer, geothermal

and ocean power. CSF additions are baSed on personal oommunication, indicating arooend 900 MW of new C5SF capaciny additions

im Chimna in 202 5. B power additions of 3.25 GW and geothermmal additions of 259 MW are baSed on the Cited IREMNA data. Mo

Mo i) Do al oeie s Capacity additiorns were identified for 2025 Total refewable poswer capacity additions for 2025 thersfone

armount to around 855 GW, bringing cwmulative global renewable posser Capaciey b0 amund SE55 GW by the end of 2025, -\,ﬁf RENI_‘!

TP Source: REN21 - Renewables 2026 Global Status Report 16 TPA Toolbox Energy Book 7 — Renewables ‘9@
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REN 21 Global Overview 2025
Renewable share of Final Energy Consumption

Renewable Energy Share in Total Final Energy Consumption, by Country, 2023

Renewable energy uptake remains uneven across countries, with most economies still below 20%
of final energy use and significant disparities in progress toward system-wide transformation

100%

20%

30%
Global average:~15%

10%

Source: REN21 - Renewables 2026 Global Status Report 17 TPA Toolbox Energy Book 7 — Renewables {9@
b

0% Soampe TEA, Enaryy Balanges - Modesm Ranewales exchdes i

TP
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REN 21 Global Overview 2025
Renewable share of Electricity Generation

Renewable Energy Share in Electricity Generation, by Country, 2024

Renewables are rapidly expanding in the power sector across most regions, providing
a strong foundation for broader energy system transformation

100% _"‘:"’- -
— ik _
ol . 4
o als.
_ - -.>-ﬂ

75% W O« e
50% = < &
_ &
309 ! Global average:~34% g .—”}, ’
10%
0% Source: IEA, Energy Balances « Values above 100% indicate countnies that generate more
rencwable v-lr-n.'v'._ ty than they :‘un-_,uwu: doMmesiCally j;" d are not exporters of electricity™, ’f) REN21

TP Source: REN21 - Renewables 2026 Global Status Report 18 TPA Toolbox Energy Book 7 — Renewables ‘9@
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REN 21 Global Overview 2025
Net Energy Importers & Exporters

Net Energy Importers and Exporters, by Country, 2023

Of the countries covered, most countries remain net energy importers: 92 countries
import more energy than they produce, compared with only 36 net exporters.

Net Imports (% TFEC)

T

-

wl

r
s
. S

N of TFEC

0% 100%

Mirbe: Fleads note that S0ie SoUn o E LAURITTE, QUATIPRETE Nad e EETR Y ITIERINES Sl SR L

TPA Source: REN21 - Renewables 2026 Global Status Report

Sharing Experience

P 4 .-.-_'-
 LE e :
| AR 2 .

19

Met Exports (% TFEC)

& REN21

TPA Toolbox Energy Book 7 — Renewables ‘9@
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REN 21 Global Overview 2025
Global Investments in Power Grids by Regions

Global Annual Investment in Power Grids, by Region, 2021-2025

Grid investment rose from USD 323 billion in 2021 to USD 483 billion in 2025, with the fastest growth
occurring in Europe, the Middle East and Africa

@ Americas @Europe, Middle East & Africa ¢ Asia Pacific

USD billion

169
I 130 I 152 I H ﬂﬁ I i : I
2021 2022 2023 2024 2025
Source: BloombergNEF, 2026 # REH:.I

0,

TP Source: REN21 - Renewables 2026 Global Status Report 20 TPA Toolbox Energy Book 7 — Renewables ‘_@
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REN 21 Global Overview 2025
Energy Storage — Global Installed Capacity by Type

Stationary Energy Storage, Global Installed Capacity, 2023, 2024 and 2025 ) O b SN i - <O
Utility-scale battery storage remains the fastest growing technology and 39 it 4 ‘
-\._ v
S, > . s

surpassed pumped storage in 2025 \ .

@ Pumped storage @ BESS grid scale BESS distributed

2023 2024 2025
Source: IEA. 2026, Volta Foundation, 2025 . Energy Institute, 2025 - THA. 2024 (personal communication) IRENA, 2026 Sa B : ', s S350 i g
aropowes A350Calon and HENZL, Prmped Seoran Gate For 205 mre Gortved Ioe the Gt TREMA dora -# REN21 ol o Sy
: o s s s
TP Source: REN21 - Renewables 2026 Global Status Report 21 TPA Toolbox Energy Book 7 — Renewables ‘9@
y
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REN 21 Global Overview 2025
Electric Vehicles Sales

Electric Vehicle Share of New Car Sales, by Region, 2019-2025

Electric car adoption is expanding across all regions, with EVs
exceeding 25% of global new car sales in 2025

Total global sales

China Europe United States Rest of World
10,000,000
5,000,000
)
S FTFILFTL S FIIFTIFFFTY S ITIITI LT S FIFI LY
A A A VA T v Y S VR VS v VA VN N N N e
% Share of new car sales
China Europe United States Rest of World
50
40
30
20
P lI ]
> S My Sy M o Ao ) L My Sy M B Ao ] S Ny SNy M 2 in O S My v M o Ao
S R P < L VA o O & o o o ¥ & & & o O A R P R VR C A
TS TSI &SSP TS
------ I #* REN21

TP Source: REN21 - Renewables 2026 Global Status Report 22 TPA Toolbox Energy Book 7 — Renewables ‘9@
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REN 21 Global Overview 2025
Countries with Energy Transition Policies

Countries with Policies for Energy Demand Sectors, per Sector, as of 2025

Number or countries with policies

Transport

Buildings

Industry

Agricutture

0 20 40 60 80 00 120 140 10 180 1%
Sailtte: REN21 Palicy Databage, 20264
195 countries including 193 UN member stated and twd obServes States afe considered, ﬁ‘ EEHH

TP A Source: REN21 - Renewables 2026 Global Status Report

Sharing Experience

Countries with Targats for Renewable Energy Share, as of 2025

Renewable energy targets are most common in the power sector, while argets for renewable heat and fuels remain far less widespread

Number of countries with fargets

TFEC
Powerelectricity
Fuiels

Heat

=

0 il 60 80 100 10

Soute: REN21 Foley Database, 20267+
Note: Pt 195 e cluing 193 UN b tates and b bservet Staes, Tt o caacty o genetation thet o ot Mefiih Shafe o ftalGonsiurhgion ofgenefaion are o
e o uels, et nclude i blends eptesded as hae ofttalcoei, D 0 chages i the Mehodoly the Rgute canotbe compared it preéous publicaions fom REN2],

0,
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REN 21 Global Overview 2025
Countries with Energy Transition Policies

Countries with Policies for Energy Demand Sectors, per Sector, as of 2025

Number or countries with policies

Transport

Buildings

Industry

Agricutture

0 20 40 60 80 00 120 140 10 180 1%
Sailtte: REN21 Palicy Databage, 20264
195 countries including 193 UN member stated and twd obServes States afe considered, ﬁ‘ EEHH

TP A Source: REN21 - Renewables 2026 Global Status Report

Sharing Experience

Countries with Targats for Renewable Energy Share, as of 2025

Renewable energy targets are most common in the power sector, while argets for renewable heat and fuels remain far less widespread

Number of countries with fargets

TFEC
Powerelectricity
Fuiels

Heat

=

0 il 60 80 100 10

Soute: REN21 Foley Database, 20267+
Note: Pt 195 e cluing 193 UN b tates and b bservet Staes, Tt o caacty o genetation thet o ot Mefiih Shafe o ftalGonsiurhgion ofgenefaion are o
e o uels, et nclude i blends eptesded as hae ofttalcoei, D 0 chages i the Mehodoly the Rgute canotbe compared it preéous publicaions fom REN2],

0,
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REN 21 Global Overview 2025

Countries with Fiscal & Financial Policies in favor of Renewable Energy

Fiscal and Financial Policies for Renewable Energy, by Country, as of 2026

114 countries have fiscal or financial support measures for renewable energy in place

Number of policies per country 1

Z» REN21

TP Source: REN21 - Renewables 2026 Global Status Report 25 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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REN 21 Global Overview 2025

Fossil Fuels Subsidies vs Renewable Energy Subsidies — A trend to be reversed.....

Direct Fossil Fuel versus Renewvwable Energy Subsidies in Selected
Countries, 2020-2024

Fossil fuel subsidies remain consistently higher tham support for renewables,

with a sharp increase in 2022 and continued gap across major economies

Renewable Energy Subsidies @ Fossil Fuel Subsidies

UsD billiom

600
400
200 I
“ 2020 20271 2022 2023 2O024
o T o _h"j_h" Fom ik o e COmeTIA] Sty b e O 2 RENZT
TP Source: REN21 - Renewables 2026 Global Status Report 26 TPA Toolbox Energy Book 7 — Renewables {?@
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REN 21 Global Overview 2025
Global Investments in Renewables and Low-Emission Technologies

Global Investment in Renewables and Low-emission Technologies, 2021-2025

Investment Is rising across most technologies, but renewable energy investment has declined in 2025 Global Investment 2025:
2,3G$

USD billion
1000 -

800 630
600
400

200 o
34 4
0 R — L

Renewable Electrified Heat Pumps Clean Industry Clean Shipping Battery Storage Power Grids Clean Hydrogen
Energy Transport

7

Surce: Bloamberg NEF, 2026™
Nide: Ivestimient in elecinfied transpan includes spending on all types of el=cing vehitles (slecific cars, two- and thiee-wheelers, Buses and trucks and tuel cell vehicles) and charging infrassrictie (inclides home and pullic
¢ hargii biit fot prnvate chafging ifvestment ff commertial velicles). Investfent i clean industty indudes bioplagtics, eircilar scononvy, cleah ammonia and clean Steel, Cleaf Shippai ntludes vessels with comblsbon

sfigified that Caf Use Methanal, ammonia of hydrogen, Battery sofage includes only utlity-stale. Investment har “clean”™ fpdrogen (S captured here a3 defined by BNEF,

4 REN2!

TPA Source: REN21 - Renewables 2026 Global Status Report 27 TPA Toolbox Energy Book 7 — Renewables ‘9@
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1000 GW in 2007, # 5200 GW in 2025

Evolution of Renewable Power Capacity, including Hydropower:

3800 =

2200
2000
1800
1600
1400
1200
1000
800
600
400
200
0
P

® O O OO
S F S SIP RN SRS IS
RN NGNS NG

Source: ChG/Data from IRENA Renewable Capacity Statistics April 2026

Q’\«

Ve
S O

Vv

28

TPA Bioenergy includes solid & liquid biofuels, bagasse, renewable waste TPA Toolbox Energy Book 7 — Renewables ‘_@
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B Marine Energy

B Geothermal

@ Bioenergy

M Solar CSP

O Solar PV

B Wind Offshore

B Wind Onshore

B Hydropower excluding
pumped storage

O
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Evolution of Renewable Power Capacity, excluding Hydropower
160 GW in 2007, # 3 900 GW in 2025

(GW)

4000

3800 New Renewables vs Nuclear T

3600 : .

3400 : Capacity Generation

Mid 2023 (GW) 2023 (TWh) .

3200 — B Marine Energy
3000 Renewables # 2 370 #4780 -

2800 Nuclear # 400 #2770 Geothermal
2600 ]

2400 Ratio X 5,93 X1,73 .

2200 - l Bioenergy
2000 |

1800 D M Solar CSP
1600 _

1400 = O Solar PV
1200 i

1000 B .

800 | B Wind Offshore
600

400 i i B Wind Onshore
200 :

CEEEE
A & O O O <IN\ © N O 9O O N NV DD S 9
S PO N > '\, SIS S JE N B A\ 2\ 2 A2
A A A AT AR AT AT 4D AT AT 4D AT AT 4D AT AT DT AT A

Generation: IEA WEO 2024 - Capacity: IRENA/WNA/IAEA 2026 29 O

TPA Source: ChG/Data from IRENA Renewable Capacity Statistics April 2026 TPA Toolbox Energy Book 7 — Renewables ‘_@
b
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Key position of Hydropower in the Renewable Electricity
Generation worldwide

(TWh)

10000 B Marine Energy
9000
8000

7000 [l Bioenergy

6000
m Solar CSP

5000
4000 O Solar PV
3000 Il Wind Offshore
2000
1000 B Wind Onshore

0

B Hydropower (including

"9’1?‘ mixed plants)

B Geothermal

N
V.

‘b‘bQ
QQQ '»'»N'»'»N/\,'»
Q Q Q” AQ” AQ” AA” AQ” QY O O ,‘,,‘,,\’

w'@mw'\?wwwmwwww
Source: Data from IRENA Renewable Energy Statistics 2026
TPA Nota: Hydro excludes pump storage & includes mixed plants TPA Toolbox Energy Book 7 — Renewables ‘_@

O
>
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Bioenergy incudes solid & liquid biofuels, bagasse, renewable waste30 Y
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Top 3 in the Renewable Electricity Generation worldwide
excluding hydropower: Wind Onshore, Solar PV, Bioenergy

(TWh)
5500
5000 I
4500 I B Marine Energy
4000
3500 I Geothermal
3000 B Bioenergy
2500
MW Solar CSP
2000
1500 [0 Solar PV
1000 B Wind Offshore
500 I = =
0 . l B Wind Onshore
@ O O N %y AD
Q Q" N7 & '» '» N N \/ \/ % '» ’b ’1' V&V
@@f&@ﬁ?@ﬂ?@@@@ﬁ?f&ﬁ?@@@@

Source: Data from IRENA Renewable Energy Statistics 2026

TPA Nota: Hydro excludes pump storage & includes mixed plants TPA Toolbox Energy Book 7 — Renewables ‘9@

Bioenergy incudes solid & liquid biofuels, bagasse, renewable waste31 Y
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Hydroelectric Power and Biomass are
today the most important contributors to
renewable energy in the primary energy mix

(12%)

TPA 32 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Also, some constraints to be accounted for

Land use required to power a 100W flat TV screen by energy type
(m?)

Wind-energy footpnint

Including turbine spacing
14
Solar
Coal
0.3
Nuclear
0.1
L ] Natural gas
H =

Acceptability issues of solar & wind due to their impact on territories and landscape must be
overcome

Source: TotalEnergies-Cap Gemini/Energy Landscape September 2021

TP A 33 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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What Dam is it?

TPA 34 TPA Toolbox Energy Book 7 — enewables ‘9@
b
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Pb of Acceptability of Land Usage, Solar plants, Wind farms,....

PORDTTY e

s = =
‘ il

s

\

— “”” e .
=il m\\\\\\‘\\\\\\\tt

.,

TPA 35 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Some examples — Historical evolution

TPA 36 TPA Toolbox Energy Book 7 — Renewables {9@
b
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Example 1: Brazil

TPA 37 TPA Toolbox Energy Book 7 — Renewables {9@
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The Case of BRAZIL
Brazil energy mix evolution 1990 - 2022
Important Growth of Bioenergy

T

14 000 000

12 000 000

10 000 000

8000 000

6 000 000

4 000 000

2000 000

o]

1990 19892 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

© Coal @ Naturalgas © Nuclear @® Hydro © Wind, solar,etc. © Biofuelsandwaste @ Oil

0,

TP A Source; IEA Key Energy Statistics 2021 38 TPA Toolbox Energy Book 7 — Renewables ‘_@
Y
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The Case of BRAZIL
Brazil energy mix 2023
Oil, Biofuels & Hydroelectricity

Total energy supply, Brazil, 2024

Coal and coal products  Qil and ail products Natural gas Hydropower Biofuels and waste
4.5% 39.6% 8.6% 1.4% 33.4%

@ Coal and coal products © Qil and oil products © Naturalgas © Nuclear @ Hydropower

© Solar, wind and other renewables @ Biofuels and waste

Source; IEA Brazil Countries & Profiles 2026

TP A 39 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The Case of BRAZIL
44% of Renewables in the Energy Mix

In Brazil, Renewables represent around # 50 % of primary
energy supply in 2024, as follows:

Bioenergy and other Renewables: 39%*
Hydroelectricity : 1%

*Includes Waste; Sugar cane, Wood, Charcoal, Solar, Wind.
Oil represents 36% of Primary Energy Supply and Brazil will
become soon an oil exporters thanks to deep water

production developments.

Negative aspect: Deforestation

40 TPA Toolbox Energy Book 7 — Renewables F@
b



The Case of BRAZIL
General Features

Brazil .

LARGEST 2ND 2ND

economy in Latin America largest biofuels producer largest hydropower pmducer &
and the Caribbean in the world in the world '
Population Million people | GDP Billion USD (2022, PPP) | GDP per capita USD per capita (2022, PPP)
31 , 6 900
s iz - 30000]
o6 : - |[17 500] [17 800] 19 700
/ - ; ;
- /' = e i :
2010 2022 2030 2050 | 2010 2022 2030 2050 | 2010 2022 2030 2050
CO, emissions Mt coO, | CO, emissions per capita tCO,/capita | Energy intensity GJ per thousand USD
(2022, PPP)
A52 A48 473 6 3.6 3.6
A1
374 21 21 20 20 2 828
. 1.7
o
2010 2022 2030 2050 2010 2022 2030 2050 2010 2022 2030 2050

TP A Source: IEA Latin America Special Report 2023 M TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The Case of BRAZIL
General Features

Primary energy supply and share of low-emissions sources

STEPS APS
o 25
12.5-
2010 2050 2010 2050
® Coal @ Oil ® Natural gas Muclear @ Bioenergy @& Hydro Wind and solar @ Other ---Share of low-emissions (right axis)
Trade of main energy products (2021) PJ Trade of non-energy products (2021) Billion USD
Electricity z E:'Egﬁi Chemicals 7
83 - 64]
o Ores 7
03 and metals E
e Food 6
21 products
o R Machinery | W%
——— equipment ————
TP A Source: IEA Latin America Special Report 2023 42 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The Case of BRAZIL
Energy Policy

Policy Publication
year
Economy-wide « NDC: 50% reduction of GHG emissions by 2030 from 2005 levels. 2022
measures = Net zero emissions by 2050 target. 2022
» Guidelines for a National Strategy for Climate Neutrality: between 45% and 2022
50% of renewable energy in the national energy mix by 2030.
* Decennial Energy Expansion Plan 2032 (PDEE 2032) (indicative). 2023
Just transition e Amazon Decarbonisation Programme: Reduce diesel power plant 2023
policies generation in the Amazon region by 40% by 2026, USD 1 billion.
s [uz para todos programme (initially launched in 2003): To bring electricity 2023
to 500 000 families that lack access by 2026.
* Noveo PAC: UsSD 105 billion for the energy transition and energy security. 2023
AFOLU » Action Plan: Zero deforestation by 2030 (5th phase). 2023
Environment *» Metano Zero programme: 25 new biomethane plants (2.3 mcm/d in 2027). 2022
and water » Hydropower Reservoir Recovery Plan: Improve water management. 2022
resources
Hydrogen e 2023-2025 Working Plan of the National Hydrogen Programme. 2023
Power » Revised subsidies for distributed generation (net billing scheme). 2022
Industry * Energy Efficiency Programme: Public funds (about USD 117 million in 2020). 2020
Transport * RenovaBio Programme - National Biofuel Policy. 2017
» National Bio Kerosene Programme: Promotes R&D for biofuel for aviation. 2021
s Combustivel do Futuro programme: Targets 30% bioethanol and 15% 2021

biodiesel blending rate.

TP A Source: IEA Latin America Special Report 2023 43 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The Case of BRAZIL

Major infrastructures in Brazil

Sharing Experience

Size Date online  Status Description
. Pre-salt +0.5 mb/d .
Oil and gas Eapa3&d)  (target 22mb/d) 2027 @ Oil and gas
Port of Pecem - Base 600 kt H:frvear 2005 Dedicated hydro
Hydrogen/ One (production)
ammonia _ 10 kt H,/year _ _
Unigel, phase | (capacity) 2023 & Dedicated wind
Nuclear Angra 3 1405 MWe 2028 o Nuclear reactor
cCus tueasdoRio Verde, o 4 vy coivear 2030 BECCS
FS Bioenergia
Transmissi _
ransmission, Graca Aranha 800 kV 2008 1 440 km

interconnections  Silvania (HVDC)

Status | Feasibility study (' Under construction

Source: IEA Latin America Special Report 2023 44

0,

TPA Toolbox Energy Book 7 — Renewables ‘_@
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The Case of BRAZIL
Final Energy Consumption

Sharing Experience

z 18 Lever
W Avoided demand
b  © Electrification
12 » Energy efficiency
B Fuel switching
J - Sector
Other
6 W Transport
e B U N Buildings
Industry

2010
2022
Activity
Transport
Industry
Buildings
2050
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Activity
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The Case of BRAZIL - Electricity Generation 2000-2018
Hydroelectricity N°1

Electricity generation by source in Brazil, 2012-2024

800 TWh 100% ONuclear
o B mOil
o 750, BLignite
e E Natural gas

400 [T S [ —
@ Solar

200 20% OBioenergy and waste
m Hydro

0 0%  oRenewables share

2012 2015 2018 2021 2022 2023 2024 (nght axis)
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The Case of BRAZIL
Electricity Generation by Fuels & Scenarios

STEPS APS STEPS APS
P 1 1 R —— 2600 -eremreseereeeee e
= G
l_
1 000 400
500 200
— =28
= o =2 =
— [ | [T I Ly
o o o Y —
=l [ | (| ™l =l
m Coal m Qil MNatural gas = Bioenergy Nuclear ® Hydro
Wind m Solar PV Battery Other # Dedicated renewables for hydrogen

IEA. CC BY 4.0.

®m Hydropower dominates the current power mix, but its expansion in both scenarios is
constrained by inherent resource limits and social acceptance concerns.

®  Wind and solar PV meet nearly all electricity demand growth. In the APS, they account
for nearly 60% of electricity generation in 2050 compared with 17% today.

TP A Source: IEA Latin America Special Report 2023 47 TPA Toolbox Energy Book 7 — Renewables ‘9@
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The Case of BRAZIL
Fuels Demand & Production vs Scenarios

0il (mb/d) Natural gas (bcm) Low-emissions hydrogen (Mt)
DN ahesrahe s nes sad bk s o kR S8 LT 1 O Dy seomean s onh B B b o o b 88 08 S B b
e @
3 3D e 3 s, severzrreans
[
2 2[] ... 2 ....................................... N
1 % 10 S I ——
S —._l'.- >
e~ o o o o e~ o o o o ~ o o o o
=l o U o U i o U [Ty =] o W oW
o o o o O o o o o o o o o o o
~ ~ ~ ~ ~ ~N o~ ~ ~ ~ ~ ~ ~ o~
STEPS APS STEPS APS STEPS APS
Production Demand
IEA. CC BY 4.0.

B Oil production in the STEPS increases from 3 mb/d to just over 4 mb/d by 2030; natural
gas production grows in response to rising demand in the STEPS but declines in the APS.

®m Inthe APS, hydrogen production reaches 4 Mt in 2050 boosted by the national strategy.
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Itaipu Dam
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Sharing Experience

Brasil
Brazil ¢ ! Maceid

Cutaba :
i Goids

Bolivia 8-y
& e aidnia 3‘3:'3’
\ Santa Bz ' : . :
do tfalSierra Campo  Ubedandad T

Sran )
"%de % “Horizonle

o Rio da
Sdo Paulo Janzi

{;oméy
[+]

RC3af10
o Uruguay

49

TPA Toolbox Energy Book 7 — Renewables ‘9@
b



Example 2: European Union
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European Council March 2007, integrated in tle law in 2009

EU: The Key Drivers - 3x20% by 2020

+20% by 2020
EFFICIENCY

By 2020 -20% GHG vs 1990

By 2020 20% RENEWABLES
(France: 23%)

BIO-FUELS

binding

10 % 2020

E-ELECTRICITY HEATING & COOLING

NATIONAL TARGETS and ACTION PLANS
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New objectives of European Council 2018, for the period 2021-2030

EU: The Key Drivers - 32%x40%x32% by 2030

+ 32,5% by 2030
EFFICIENCY

By 2030 -40% GHG vs 1990

By 2030 32% RENEWABLES

>

BIO-FUELS E-ELECTRICITY HEATING & COOLING

1st Generation Biofuels
frozen at their 2020 level
and < 7%

Palm Qil: 0 as from 2030

Other modern Biofuels
and Biogas > 3,5% NATIONAL TARGETS and ACTION PLANS
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52 TPA Toolbox Energy Book 7 — Renewables (@
b
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New objectives of European Council 2021
-55% GHG Emissions by 2030 vs 1990

A broad legislative
package to align existing
EU policy with the new
emissions reduction

goal of 55% by 2030.

0,
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The EU Policy = A 32% Renewables share by 2030:
Policy issues to resolve for achieving the objective

Burden Sharing

Penalty \\\\\\\\\\

Data issues

National mesures
Trading EU-wide?

/ Technical issues:

Impact on EU ETS Grid capacity,...

TPA 54 TPA Toolbox Energy Book 7 — Renewables {9@
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Share of decarbonated Primary Energy in the Energy mix
by countries — 2025, ranked by decarboned Energy Consumption

Primary Energy
Consumption
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Example 3: Norway
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Hydroelectricity in Norway

TPA
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Norway - Main figures 2023 & 2050

Population GDP* (USD billion) Energy Use (PJ) Energy-related CO, emissions (Mt)
(Million) GDP/person (USD) Energy Use/ Energy-related CO, emissions/
person (GJ) person (tonnes)

9
M
o 439.2 . 1297 . 38.8
8 | 55 80.3 238 = 71
0
o | 61 666.6 1247 O 108 ¢
o 109.1 204\ 15

*All GDP figures in the report are based on 2017 purchasing power parity and in 2023 international UsD

TP A Source: Norway DNV 2024 58 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Norway - Main policy factors

Policy factors included in our Outlook

T

1. Renewable
power support

co,

22

5. CCS, DAC
support

TAX

9. Fuel, energy, and
carbon taxation

=

2. Energy storage
support

A
B
| CJ

6. Energy-efficiency
standards

10. Air pollution
intervention

Lo

3. Fero-emission
vehicle support

O

7. Bans, phase-out
plans, mandates

q

11. Plastic pollution
intervention

4. Hydrogen
support

p

8. Carbon pricing
schemes

CH,

12. Methane
intervention

TP A Source: Norway DNV 2024 59 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Norway - Energy Demand

Norway final energy demand by sector

Units: PJ/yr Units: TWhiyr
W Transport
1000 Bl Buildings
250 Wl Manufacturing
= torerey
200
600-
150
400
100
200- 50
0 0
2000 2010 2020 2030 2040 2050

Historical data sourca: IEAWER (2024), 558 (2024}
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Norway - Priority to Electric Vehicles

Norway transport sector energy demand by subsector

Units:PJfyr Units: TWh/yr
300+ | | 8

250 | 10

50

) 5 —
N O O O

B Domestic aviation
International aviation

Nl

B Passenger road vehicles
Commercial road vehicles

I Domestic navigation

M Iiternational marine bunkers

Histarical data saurce: [EAWEB (2024, 558 (2024]
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Norway market share of electric vehicles

Units: Percentages

100%-

jEEEEEEEESE

80k

o0%

0%
010 2020 2030 2040 2050

= Passengervehicles ==+ Commercial vehicles
Histarical data souree: [EA WEB [2024), 558 [2024)

Source: Norway DNV 2024
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Norway number of road vehicles by type and drivetrain

Units: Million vehicles

. Passengervehicles  Commercial vehicles

23

— =
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——

03

0
000 2020 2040 2000 2020 2040

B Eecric ™ Combustion

Combustion vehickes include 1CEs and PHEVs. Elactnc vehiclas includa BEYs
anit FCEVs Historical data source; 536 (2074]

Development of key parameters of electric vehicles
in Norway
Electric vehicle

Battery size Range total cost of ownership
(kWhivehicle) (k) relative to ICE
50— 00 ———r=* 5%
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I
L 400-
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| 200 '
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. o
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b
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Norway - Transport Sector

Norway road subsector energy demand by carrier

Units:PJiyr Units TWhiyr
15— —

125
100 .
E i
50
2

0

0
000 2000 2020 2030 2040 2050

B Eloctricity B9 Natural gas
Hydrogen MM Oil
B Bioenergy
Matural gas includes LPG. Historical data source: [EA WEB (2024 558 (2024]

Source: Norway DNV 2024

Norway aviation subsector energy demand by carrier

Units:PJiyr Units: Million passengerrips/yr
¥
o
60-
30
40
20
0
10
0 0
000 200 200 2030 2040 2050
M Eleciricty Hydrogen WM O
W0 Eduels B Bioenergy — Alrtravel
demand

Histarical data source; [EA WER (2024), 558 2024)
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Norway maritime subsector energy demand by carrier

Units:Piyr Units: TWhyr
8-
2

Ll
15

40
li

2

0 0
000 20000 200 2080 2040 2050

W Electicity B Bioenergy M o

Low-carbon fuels B8 Natural gas

Natural gas includes LNG and LPG. Fuel mix given by best-estimate assess-
ment, nat model output Historical data sourca: [EA WER (2024), 558(2024)
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Norway - Final Energy Demand

Norway final energy demand by carrier

Units: PJ/yr Units: TWh/yr

1000- 300 100%-
Bl Electricity

Shares in energy carrier

Hydrogen &
2500 derivatives :
800 B Biocnergy 80%
B Natural gas
EDD - Gil - ‘*-
600 N ol 60% -Fossitfuels JOoa
Other o’
150 .
400 40%- v
100 Electricity N
200 - 20—
0 ( 0%
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

Historical dats sourea: IE&WER (H024)
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Norway - O & G Production & Primary Energy Demand

Norway oil and gas production and capacity additions

Unis: Milion Sm'oeyryr

Unis: Milion Si'oeye

Bl D Natur g
production
20. Oil production
= (Oiland gas
| capacity additions
) Fol
(Right axis

10

0 0
2000 2010 2020 2030 2040 2050
il imcludes crude il and candensates, natural gas incluces NGLs. Capacity addifions are based on asset Hetime of 20 years
Huitorical data source: NRD (2024),1EA 1NEB (2024)
TP A Source: Norway DNV 2024
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Norway primary energy consumption by source (adjusted for gross electricity trade)

Units: PJiyr Units: TWhiyr
1500 Wind
hl Solar
. W Hydropover
B Bioenerqy
g0 Geotherml
1000 I Nucear
B Natural gas
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Historizal data sourca: EA WER (2024, SSR{2024)
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Norway - O & G Demand by Sector

Norway oil demand by sector Norway natural gas demand by sector
Units:PJiyr Units:Million Sm’oe/lyr Units:PJ/yr Units:Billion m*/yr
_ - 12
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Mistorical data source: NPD (2024), IEA WEB (2024] Includes natural gas liquids. Historical data source: |[EA WEB (2024], 5358 (2024)
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Electricity in Norway 2000 - 2050

Norway electricity demand by sector

Units: TWh/yr
250 -
200- |
150 '
100
0 . J— L | ! -
2000 2010 2020 2030 2040 2050
Hydrogen production B  Buildings
2 Transport B Energy sector own use
Bl Manufacturing Other

Historical data source: IEAWEB (2024)

Source: Norway DNV 2024 66
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Norway electricity supply by power station and

net imports
Units: TWh/yr
300
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U i
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Bl Floating offshore wind B Gas-fired
B Fixed offshore wind —— Domestic demand
Onshore wind including losses and
Solar PV hydrogen electrolysis
0 Solar+storage

Historical data source: IEAWEB (2024), 5SB (2024)
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Energy Exports & GGH in Norway 2000 - 2050

Norway energy export
Units: Million Sm’oe/yr Units: TWh/yr
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- 2500
200-
2000
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Hydrogen export BB Natural gas
via pipeline export

Bl CElectricity export Il Oil export

Qil includes condensates, natural gas includes NGLs.

Histarical data source: NPD {2024), IEAWEB (2024)

Source: Norway DNV 2024
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Norway greenhouse gas emissions by sector

Units; MtCO.e/yr
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Renewables Installed Capacities in Norway 2000 - 2050

Norway grid and off-grid installed renewable capacity

5¢I;r+[\qragq
I

Units:Percentages Biomassfired
Salar PV
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Histarical data source: IEA [2024); GlobalData {2024)

Source: Norway DNV 2024
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Norway capacity additions becoming operational
by power station type

Units: GW/yr
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Historical data source: GlobalData (2024)
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Norway Wind Electricity LCOE & Solar Installed Capacities 2020 - 2050

TPA
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Norway levelized cost of wind electricity Norway solar capacity additions and installed capacity
Units:USD/MWh Units: MW/yr Units: GW
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Norway and Hydrogen 2020 - 2050

Norway hydrogen production by production route Norway hydrogen demand as energy carrier by sector
Units: MtH,/yr Units:MtH,/yr
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— Hydrogen demand B Other manufacturing

Does not include hydrogen use in residual form from industrial processes.

Histerical data source: IEA Future of Hydrogen (201%), IEA Global Hydrogen Review (2021).
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Norway Energy Trade

Energy trade
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2

® & 6 ¢ o o o

Norway Objective: Zero Carbon

Generation of Electricity (40 GW,155 MWh) : 92% Hydro, 2% Thermal, 6%
Wind (65 wind farms)

1st oil producer in Europe (2 Mb/d)

5,4 million inhabitants. Sovereign fund = 1500 B$ mid 2023.
Objective: To become a Clean Tech. Leader.

Development of Biomass and Wind Offshore.

Objective CO, emissions: - 50% in 2030 vs 1990.
Development of electrical vehicles.

Development of Carbon, Capture and Storage (CCS) technology,
Technological Center at Mongstad.

Development of floating wind turbines (electricity generation for oil & gas
platforms and for export — US and Japan)

Reinforcement of electrical network to export electricity to Sweden.

0,
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Production Costs of New Renewable Energies
are declining rapidly which should improve their
competitiveness on the long term

R&D and Learning Curve

‘ Costs reductions

TPA 74 TPA Toolbox Energy Book 7 — Renewables {9@
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Trends in Renewable Energy costs curve
2005 Vision

125

. COE: Cost Of Electricity
Photovoltaic

100 ;
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Source: EAO/NREL (US Deparment of Energy)
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Trends in Renewable Energy costs curve
2005 Vision

Concentrating Solar Power

B8-

COE: Cost Of Electricity

34

COE cents/kWh (20055)

1.4

':' ] T L] T ] T T T 1
1980 19495 2010 2025
Source: EAO/NREL (US Deparment of Energy;6
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Trends in Renewable Energy costs curve
2005 Vision
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Trends in Renewable Energy costs curve
2005 Vision
304
Geothermal COE: Cost Of Electricity
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Costs Reduction (Total installed costs)
from 2010 to 2020 (World Average)

- 30% for Wind

- 80% for Photovoltaic

TPA Source: IRENA 2021 79 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Average Global Costs Reduction 2014 - 2022 for Selected Technologies

TPA
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IEA clean energy equipment price index Average prices
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Solar panels e pn
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IEA. CC BY 4.0.

Clean energy fechnology costs edged higher in 2022, but pressures are easing in 2023 and
mature clean fechnologies remain very cost competifive in today's fuel price setfing

Notes: Q4 = fourth-quarter; MW = megawatt; kWh = kilowatt-hour. The IEA clean energy equipment price
index tracks price movements of a fixed basket of equipment products that are central to the clean energy
transition, weighted according to their share of global average annual investment in 2020-2022: solar PV
modules (48%), wind turbines (36%), EV batteries (13%) and utility-scale batteries (3%). Prices are tracked on
a quarterly basis with 2019 Q4 defined as 100. Nominal prices.
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Average Global Costs Reduction 2009 - 2025 for Selected Technologies

TPA
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Selected Historical Mean Costs by Technology
LCOE values in US$/MWh *
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== Nuclear: 123 - 180
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Gas - Combined Cycle: 83 = 78
250 Wind - Onshore: 135 - 61
Solar Utility Scale: 359 = 58
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30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180

* Reflects total decrease in mean LCOE since Lazard's LCOE VERSIOMN 3.0in 2009.

Source: Lazard Estimates, 2025

Motes: LCOE: Levelized Cost of Energy

*This graph reflects the average unsubsidized LCOE values in current dollars (not adjusted for inflation) for a given version of LCOE study. It primarily relates to the
Morth American energy landscape but reflects broader, global cost developments.
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Average Global Costs Reduction 2010 - 2023 for Selected Technologies

Global Cost Learning Curves for Solar and Wind Technologies 2010—-2023
in US$2023/kW, Relative to Cumulative Deployment (in GW)
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15000
L
10000 _* = Technology
® &) ® Concentrated Solar Power
- . )
7000 - Solar Photovoltaic
o= "o - - - Onshore Wind
- ® Offshore Wind
. - - - e g
5000 &
-
4000 [ ]
- -
3000 -
>
2000
1500
1000
SO0

Cumulative Deployment ( GW)

: 82 TPA Toolbox Energy Book 7 — Renewables o
TPA Source: Mycle Schneider WNISR 2025/IRENA 2024 :

Sharing Experience



Reminder - Trends in Solar Energy costs curve
Capex/kW are decreasing substantially
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Folicies drive more unit additions in the Sustainable Development Scenario, leading to
lower costs that approach the expected limits of current technology

TP A Source: IEA WEO 2019/IRENA 83 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Reminder - Auction Results for Solar PV in India
From 250 $/MWh in 2010 to 50 $/MWh in 2017

]

Dollars per MWh

) .
“se

2010 2011 2012 2013 2014 2015 2016 2017

Auction price trend * Average solar PV auction prices

Solar PV auction prices are falling fast in India
nammowing the cost gap with other technologies

TPA Source: IEAWEO 2017 84 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



Auction Results for Offshore Wind auctions in UK & US

From 140 $/MWh in 2016 to 45 $/MWh in 2023. Governments adjust Energy purchase price
Contracts profitability can be at stake.

Offshore wind auctions in the United Kingdom

Offshore wind contracts in the United States in 2023

o 150 A0 e O — 150
% o Average strike price %
(USD/MWh, right axis) Average contract price
97 (USD/MWh, right axis)
8 oo e et sae s e e 120 8 120
@i
® A
OO OO RSOPTTOPN SO ORRO ORI 90 8 90
]
4 rrreenerenenerissresrressersrenne S s 60 4 80
()
U .
R FETNRES  DNRRRNN SRR 30 2 30
2016 2017 2019 2022 2023 2024 Renegotiation  Cancelled
Awarded Renegotiation Not awarded  #Cancelled

Note: UK average strike and US average contract prices are expressed in 2023 USD.
Source: |IEA calculations based on UK Department of Energy and Change and company reports.

TPA Source: IEA World Energy Investment 2024 85
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Average Global Costs Reduction 2010 - 2022
for Selected Technologies

LD; é
Solar photovoltaic Concentrated solar power Onshore wind

2020 (USD/kWh)

0.4
0.381
0.340
0.3
0.2 0.162
0.089
0.1 0.108 N\
0.057 .
\_ 0.076 0.043 0.084 0.084
0.040 0.039
O
S S =2 E 282 8 8 BE 52 8288888 2 g 889 82 &8 28 8 8
—@— Auction database —@— | COE database Fossil fuel cost range
Source: IRENA World Energy Transition Outlook 2022 86 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Average Global Costs Reduction 2015 - 2023
for Selected Technologies

Recent years have seen large overall price

Fa"ing CIean energy prices reductions for many clean energy technologies.

Solar panels Wind turbines Battery storage EV batteries
Million USD per MW Million USD per MW Million USD per MW USD per kWh
157 398
............................ K ok TRTE T
0.74 08 ) 139
0.18 |
2015 2023 2015 2023 2015 2023 2015 2023
TPA Source: IEAWEO 2024 87 TPA Toolbox Energy Book 7 — Renewables {?@
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Average Global Costs Reduction 2014 - 2023
for Clean Energy Technologies — End of a declining trend?

Clean Energy Equipment Price Index Index of equipment prices

8 300 ............................................................. o 150

— (e}

I T

= S

~ < 100

=t

=4 o

2015 2017 2019 2021 2023 2020 2021 2022 2023

Wind turbines Solar PV modules

- | Jtility-scale batteries EV batteries
IEA. CC BY 4.0.
The price of key clean energy equipment increased in 2021 and 2022 after years of
steady declines

Source: IEA Strategies for Affordable and Fair Clean Energy Transition - June 2024

TPA 88 TPA Toolbox Energy Book 7 — Renewables {9@
b
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Total Primary Energy Consumption
1,5°C Scenario by IRENA 2024

700

6276

599 £ 6].[} £ 625 EJ

289e 992e

600

500

A
@)
o

w
o
o

TPES (EJ/year)

200

100
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1.5°C Scenario

. Renewables . Muclear . Fossil fuels

Source: IRENA World Energy Transition Outlook 2024

Nota: IRENA 1,5 °C scenario is slightly different from IEA NZE scenario
TPA 89 July 2024 Climate change - Energy transition ‘?@
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Total Final Energy Consumption
1,5°C Scenario by IRENA 2024

2022 1.5°C Scenario: 2050

394EJ Total final energy consumption 7 9,4 Gtoe 354 EJrrec # 8,5 Gtoe Renewable share 94,

in hydrogen
3% Others
5%

Modern biomass uses

6%
Traditional uses
of biomass

Modern biomass

63%

Fossil fuels

Renewable share in electricity 29% Renewable share in electricity 91%

TPA Source: IRENA World Energy Transition Outlook 2024 ' N
Figures are slightly different from those from IEA WEO 2024 20 July 2024 Climate change - Energy transition
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A huge boost of Renewable Electricity — IEA 2025

Renewable electricity capacity additions by technology, 2019-2025

Acc. case O Solar PV -
2025 | 1] utilty
2025 | T o Solar PV -
-------------------------------------------------------------- distributed
2024 | ]
mWind
2023 | |
2022 | -:I O Hydropower
2021 | -:I E Bioenergy
2020 [T ]
OOther
2019 :l:-] renewables
0 100 200 300 400 500 600 700 800 900
GW
IEA. CCBY 4.0

Notes: Capacity additions refer to net additions. Historical and forecast solar PV capacity may differ from previous editions
of the renewable energy market report. Solar PV data for all countries have been converted to DC (direct current),
increasing capacity for countries reporting in AC (alternating current). Conversions are based on an IEA survey of more
than 80 countries and interviews with PV industry associations. Solar PV systems work by capturing sunlight using
phaotovoltaic cells and converting it into DC electricity, which is then usually converted using an inverter, as most electrical
devices and power systems use AC. Until about 2010, AC and DC capacity in most PV systems were similar, but with
developments in PV system sizing, these two values may now differ by up to 40%, especially for utility-scale installations.
Solar PV and wind additions include capacity dedicated to hydrogen production.

I PA 100IDOX Energy BooK 7 — Renewables ‘_@

TPA  source: IEA Renewables 2025 - October 2025 91 2
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A huge boost of Renewable Electricity in all Regions — IEA 2025

Renewable electricity capacity additions by country/region, 2023-2024

0 50 100 150 200 250 300 350 400 450 500

European Union

United States

India m2025

m2024

Brazil 22023
ASEAN
MENA
Sub-Saharan Africa

60 70 80 90
GW
IEA. CCBY 4.0

Notes: ASEAN = Association of Southeast Asian Nations. MENA = Middle East and North Africa.
I PA 100IDOX Energy ook 7 — Renewables
TPA  source: IEA Renewables 2025 - October 2025 92 C
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A huge boost for Solar and Wind Energy 2024-2030 - IEA 2025

Solar PV and wind capacity additions by segment, main case, 2024-2030

< 700
@]
600 m Offshore wind
500
0 Onshore wind
400
300 0 Solar PV -
200 distributed
100 o Solar PV -
H ﬂ utility-scale
0
g & &8 & & 8 8/ &8 &4 & §&§ § g 8
[ O [ O o O o = (o] = o = o =
o o o o | o | o o o o o o [a
Solar PV Wind
TPA Source: IEA Renewables 2025 — October 2025 93 | PA 100IDOX ENergy 500k / — Kenewables ‘:2@
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To a less extent, Hydropower 2024-2030 - IEA 2025

Hydropower, bioenergy, geothermal, CSP and ocean energy capacity additions, main
case, 2024-2030

= 40
O
35 mOcean
30
mC5P
25
20 m Geothermal
15
10 @D Bioenergy
o
DEEEEEE oo
0
3 & &8 & & & 83|d &8 8 8§ %8 2 8B
= o o o o o o o (] (] (] (] (] (]
cd ™ o ™ o o o o o o o o o o
Hydropower Other renewables
Note: CSP = concentrated solar power.
I PA 100IDOX Energy Book / — Renewables
TPA Source: IEA Renewables 2025 — October 2025 94 ‘:2@
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Electricity generation is going to grow extensively thanks to
Solar and Wind Energy: Variable Renewable Energy (VRE) 2010-2030 - IEA 2025

Global renewable generation and shares by source, 2010-2030

Electricity generation Share in renewable generation
7000 100%
g 6 000
5000 ro%

4 000 //—\//-
H0%

2000
25%
[ ——— 0%
2010 2014 2018 2022 2026 2030 2010 2014 2018 2022 2026 2030

——Hydropower —RBiocenergy -~ 0Onshorewind -——0Offshore wind Solar PV =——0Other renewables

[EA. CC BY 4.0.

1 PA 100IDOX Energy BOoK / — Kenewables ‘_@

TPA  source: IEA Renewables 2025 - October 2025 95 0
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Electricity generation is going to grow extensively thanks to
Solar and Wind Energy (VRE) 2015-2030 - IEA 2025

Global renewable electricity generation shares by technology, 2015-2030

0%
45%

40% //

35%

30% e —

25%
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5%  w—
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Electricity generation share

- Renewables Hydropower - VRE Solar PV Wind

IEA. CC BY 4.0.

Notes: VRE = variable renewable energy. VRE sources include solar PV and wind.

IPA 100IDOX Energy BOOK /7 — Renewables
TPA  source: IEA Renewables 2025 - October 2025 96 2
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Electricity generation: Northern Europe countries are the champions for the
use of Variable Renewable Energy - IEA 2025

VRE generation shares in 2024 and 2030 for selected countries
o
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I PA 100IDOX Energy Book 7 — Renewables
TPA Source: IEA Renewables 2025 — October 2025 97 ‘:
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Variable Renewable Energy needs fine tuned management to secure
stability of Electricity networks - IEA 2025

Curtailment is rising with VRE expansion as countries
race to deploy measures to increase flexibility and
storage

With rapid solar PV and wind expansion, the curtailment of these resources is
becoming more common and visible in several markets. Curtailment occurs when
the power system cannot absorb all generated power because of transmission
capacity limitations, system stability requirements or supply-demand imbalances.
While some curtailment is expected and inevitable, persistent or widespread
curtailment often highlights gaps in planning, flexibility or infrastructure. Reducing
curtailment thus requires a comprehensive strategy involving transmission,
flexibility and co-ordinated system planning.

VRE integration is highly dependent on each country’s unique situation, including
its grid infrastructure and energy policies. Successful integration relies on the

adaptation of strategies to local conditions to overcome challenges and optimise
renewable energy use.

TPA Source: IEA Renewables 2025 — October 2025 o8 O

I PA 100IDOX Energy Book / — Renewables ‘@
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Investments
See BOOK 2 — Chapter 15

TPA 99 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Reminder - Energy Investments flows 2015 — 2022 by IEA 2023
A shift from Fossil Fuels to Clean Energy development

.......................................................... The pattern of investmentsin .
InveStment ﬂows recent years has started to 2
shift the world towards a more 2
World electrified, renewables-rich 5
energy system =
o
660
679
493
433 BNEWEIReE
391
362
352
eJ4l Energy efficiency
329

€¥{] Grids and storage
179
; 2015 Low-emissions fuels 2022 ;
100 TPA Toolbox Energy Book 7 — Renewables
TPA Source: IEA WEO 2023 ‘:2@
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Potential/Diffusion/
Network
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RENEWABLE RESOURCES : WHICH POTENTIAL IN THE WORLD?

PV POTENTIAL

Petroleum
240 TW yr

Uranium

90 - 300

Orni-shore Winid
25— 70 TW-yr

Required surfaces of PV plants
to meet the need for energy...

. France

Unlimited energy:

The workable annual sun energy
represent

1 000 times
global world electricity use.

‘lD’ TOTAL INTEGRATION DAYS Linked togethes

TP A Nota: 1 TWyr = 8760 TWh # 750 Mtoe 102
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RENEWABLE RESOURCES : WHICH POTENTIAL IN THE
WORLD AND WHICH COSTS?

More exploitable Potential

No Subsidies
PV 2050

Wind 2050

Geothermal energy 2050

Q Marine Energy 2050

Biomasse 2050

Wind 2008

Less exploitable Potential

O

Biomasse 2008 ) O
Marine energy 2008 Geothermal energy 2008

. Storable and flexible

Subsidies @ Storable PV 2008

0,

@  \Volatile 103 Source: Y.Bamberger = TPA Toolbox Energy Book 7 — Renewables ‘_@
b



A 2016 Vision: RENEWABLE RESOURCES
INTEGRATION IN A NEW- BUILT NETWORK

NEW ENERGIES MAP

@np -
E@ -

Electricity markets Future business Smart grid
models

Transportation

Q

Electric infrastructure
& grid integration

Hydrogen & fuel cells

Energy storage

Solar power Bio - Technologies

TPA Source: Total 2016 104 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Subsidies

105

0,
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Today, in certain countries, most of New Renewable
Energies is subsidized.
Any project must be justified in itself on the economic
stand-point
See also Book 2 — Energy, Chapter 16

TPA 106 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The oil price: an economic marker for energy
to be competitive.
What is a good oil price for the society?
50 -100 - 130 $/b?

TPA 107 TPA Toolbox Energy Book 7 — Renewables {9@
b
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The drivers to get renewable energies competitive

A
Learning and R&D
esded I - B
e Carbon
Higher fossil orice
Cost of fuel prices
renewable -< Mariet
ey valueof <
EI'EI'!'I_I'
\ \

Source: IEA 2011
TPA Toolbox Energy Book 7 — Renewables ‘_@
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Renewables Subsidies by Type
IEA 2017 Central Scenario

. 250 e Non-hydro generation
@
b= Historical Projections B Other
(5|
E 200 E
= m Solar PV € 8
5 150 g
2 2
= L Bioenergy £ 6 -

100 e Wind offshore

50 e Wind onshore S

= Support already
committed
2007 2020 2030 2040 2016 2040

Global subsidies to renewables increase from $140 billion today to 5200 billion in 2040,
while non-hydro generation more than quadruples

*CSP = concentrating solar power.
TPA Source: IEA WEO 2017 109 TPA Toolbox Energy Book 7 — Renewables ‘9@
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The question of Intermittency
See also Book 2 Energy — Chapters 10 & 11

TPA 110 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Typical seasonal variations in daily Demand
for Electricity in UK

55000

50000

Demand (MW)
]
8

ol /\
25000 -
20000 -
EEEER NN EEEEENE RN R EEEE R
Time
s Summer Minimum Demand 03/08/03 w=Typical Summer Demand 04/06/03
w=Typical Winter Demand 24/11/03 w—\/finter Maximum 08/12/03

Source: UK Energy Center

TPA 111 TPA Toolbox Energy Book 7 — Renewables ‘9@
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lllustration: Typical winter daily Demand
for Electricity (Example: Europe)

Demand

— | Back-up needed

N

Solar Energy
| Supply

Hours

1 2 3 45 6 7 8 91011121314151617 18 19 2021 22 2324

TPA 112 TPA Toolbox Energy Book 7 — Renewables {9@
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Renewables fluctuations require very rapid ramping of
load-following plants (The « Duck Curve »)

lllustration: Daily Net load structure in California
Impact of Solar Energy supply MNet |Dl:ld

27,000

25,000

23,000 +

21,000 —

2013

19,000

increased
ramp

Megawatts

17,000 4

Significant change <

starting in 2015 Potential

over-generation

/

1,000 +———r——r—--—r—ux

G 1 i 3 4 5 & 7 8 @ 1 11 12 13 14 15 14 17 18 19 20 1 22 23

15,000 4

13,000

2020

&> California ISO
Source: M.Rothleder /California ISO 2013

TPA 113 TPA Toolbox Energy Book 7 — Renewables {9@
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Example of Intermittency: Saint-Nazaire Wind Farm — France

LAY
wa AN ' ! i \M W/ “.‘

s o7 One  on21 028 0125 0027 0129 0131 0202 0204 0206 0208 02710 02712 02/t 0276 0218 0220 0222 024 0226 0228 03/02 0304 0306 0308 03110

w Pare du Banc de Guérande 1 OkW 239MW 819MW

w Parc du Bane de Guérande 2 OkW 238Mw 786 MW

TPA Source: Energygraph/ENTSO-E 114
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Electricity Generation from 15 january to 10 March 2023

Saint-Philbert-de-Grand-Lieu

Challans

Wind Farm Saint-Nazaire - France

2 parks: Guérande 1 & Guérande 2

Installed capacity: 2x240 MW = 480 MW

80 turbines, 6 MW each.

Prod. start-up: end November 2022

Prod. January 2023: 180 000 kWh (Source: EDF EN)
(# consumption of 850 000 persons)

Capacity factor # 50%

TPA Toolbox Energy Book 7 — Renewables F@
b
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Competitiveness
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The competitiveness of Energy Sources
the Leverage Cost Of Electricity (LCOE)
(See BOOK 2 Energy, Chapter 17)

116 TPA Toolbox Energy Book 7 — Renewables (@
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Levelized cost of Electricity production
Application to various Technologies

From top to down, from left to right:

- Nuclear Power plant, France, Cruas in Ardéeche - PWR - 4x900 MW

- Nuclear EPR, France, Flamanville - 1650 MW

- Gas fired CCGT power plant, Bouchain, Northern France — 580 MW

- Heavy Fuel power plant, Liberia - 10 MW

- Coal supercritical power plant, Turkey - 2x600 MW

- Coal IGCC, Japan, Nakoso - 250 MW

- Coal IGCC with CCS, US, Kemper County Mississipi - 580 MW, CO2 for EOR

i

117 TPA Toolbox Energy Book 7 — Renewables



Levelized cost of Electricity production
Application to various Technologies

From top to down, from left to right:

- Onshore Wind Farm, Germany

- Offshore Wind Farm, France, Saint-Brieuc,
Brittany, 500 MW

- Solar PV Utility Scale, UK, West Raynann
Norfolk, 50 MWp

- Solar PV Rooftop

- Solar CSP, US
Hydro Large, Norway, Alta Dam

- Biomass Gaseification, Finland, Vaasa, 140 MW

- Geothermal, Iceland, Svartsengi, 75M W, + 150 MW,

A PR

TPA 118 ) TPA Toolbox Energy Book 7 — Renewables ‘9@
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LCOE is very dependant upon changes of the
environment (prices of fuels, cost of new nuclear
and production costs of solar energy in particular)
For wind energy and solar energy, cost of
intermittency has to be added

TPA 119 TPA Toolbox Energy Book 7 — Renewables {9@
b
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A Zoom on France
History of Energy Plans PPE’s
See also Book 2 —Energy - Chapter 5

TPA 120 TPA Toolbox Energy Book 7 — Renewables (9@
b
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France — Programmation Pluriannuelle de I’Energie (PPE)
Published in February 2026

EN
GOUVERNEMENT

PLURIANNUELLE

Stratégie francaise ===
pour l'énergie
et le climat

Dossier de presse
Février 2026

EX
Source: GOUVERNEMENT

- |
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France — History of Laws on Energy Transition & PPE

TPA 122 TPA Toolbox Energy Book 7 — Renewables {9@
b
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France — Law on Energy Transition
17 August 2015

Objectives:

Reduce by 40% GHG emissions in 2030 vs 1990.

Divide by 4 the GHG emissions in 2050 vs 1990.

Reduce by 50% the Energy consumption in 2050 vs 2012

reference.

» Reduce Fossile fuels by 30% in 2030 vs 2012 reference.

> Get 23% of Renewables in the Energy Mix in 2020 and 32% in
2030.

» Diversify the Energy Mix for Electricity Generation: 50%
Nuclear (vs 75% today), 40% Renewable in 2030.

> Increase of « Contribution Energie Climat », ex. Carbon Tax

from 14,5 €/tCO, today to 56 €/t in 2020, then 100 €/t in 2050.

VYV V VY

Achievable objectives?

TPA 123 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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France
Programmation Pluriannuelle de I’Energie (PPE)
published in January 2019, adopted in April 2020

TPA 124 TPA Toolbox Energy Book 7 — Renewables {9@
b
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Programmation Pluriannuelle de I’Energie (PPE)
published in January 2019, adopted in April 2020

Les Programmations pluriannuelles de I'energie (PPE), outils de pilotage de la
politique énergétique, ont été créées par la loi relative a la transition énergetique
pour la croissance verte. Elles concernent la métropole continentale et les zones
dites non interconnectées (ZNI), a savoir la Corse, la Réunion, la Guyane, la
Martinique, la Guadeloupe, Wallis et Futuna et Saint-Pierre et Miquelon. La PPE de
métropole continentale est élaborée par le Gouvernement tandis que les PPE des

/NI sont co-elaborees avec les collectivites territoriales.

TPA 125 TPA Toolbox Energy Book 7 — Renewables {9@
b
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SYNTHESE

STRATEGIE FRANCAISE POUR
LENERGIE ET LE CLIMAT

PROGRAMMATION
PLURIANNUELLE DE UCENERGIE

..........................................................................................

o -
.

TPA Source: Ministére de la Transition Ecologique et Solidaire 126 TPA Toolbox Energy Book 7 — Renewables ‘9@
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France PPE 2020: Some figures

Baisse de 7.6 %0 en 2023 et de 16,5 %0 en 2028 par rapport 4 2012

Consommation finale d’énergie Soit une réduction de 6,3 2o en 2023 et de 15,4 2een 2028 par rapport
a2ols

Consommation primaire des Baisse de 20 %o de la consommation primaire d’énergies fossiles en

énergies fossiles 2023 et de 35 %6 en 2028 par rapport a 2012

277 DWAtC Oz en 2023
227 DtCOn en 2023

Emissions de gaz a effet de serre Soit une réduction de 14 %6 en 2023 et de 30 26 enn 2028 par rapport
issues de la combustion d’énergie az2ele (322 MrCO:2)
Soit une réduction de 27 %26 en 2023 er 40 26 en 2028 par rapport d
1990,
Consommation de 196 TWh en 2023
Consommation de chaleur Entre 218 et 247 TWh en 2028
renouvelable Soit une augmentation de 25 %% en 2023 et entre 40 et 60 %% en 2028

de la consommation de chaleur renouvelable de 2017 (154 TWWh)

Production de biogaz a hautewr de 24 a 32 TWh en 2028 sous

Production de gaz renouvelables I’'hypothése d'une baisse des coiits (4 a 6 fois la production de 2017)

Capacités de production T3.5 GW en 2023, soit + 50 %% par rapport a 2017
a’eélectricité renouvelables installées 101 4 113 GW en 2028, doublement par rapport a4 2017

4 a 6 réacteurs nucléaires fermeés d’ic1 2028 dont ceux de
Capacités de production Fessenheim.

d’ electricité nucléaire Fermeture de 14 réacteurs nucléaires d’ici 2035, date d’atteinte
d’une part de 50 % d’électricite nucléaire dans le mix électrique.

Hausse de 1.3 pomt de PIB en 2023 par rapport au scénario

Croissance eéconomique tendanciel, et de 2.1 point en 2028

Création d’environ 238 000 emplois en 2023 par rapport au scenario

Emplois tendanciel et de 440 000 emplois en 2028
Revenu disponible brut des Hausse du pouvoir d’achat des ménages de 1 point em 2023, par
meénages rapport au scénario tendanciel et de 2.2 points en 2028

0,

TPA Source: Ministére de la Transition Ecologique et Solidaire ;

Sharing Experience

127 TPA Toolbox Energy Book 7 — Renewables ‘_@



France: Evolution of Primary Energy Consumption by El (TWh)
# 1,4% of World Primary Energy Consumption in 2024
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Other renewables
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O TWh
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TP A Source: Energy Institute 2025 128 TPA Toolbox Energy Book 7 — Renewables ‘_@
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PPE 2020: Evolution of Primary Energy Consumption (Mtep)
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TPA Source: Ministére de la Transition Ecologique et Solidaire 3
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PPE 2020: Evolution of Final Energy Consumption by vectors (TWh)
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TPA Source: Ministére de la Transition Ecologique et Solidaire 130 TPA Toolbox Energy Book 7 — Renewables ‘?@
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PPE 2020: Evolution of Final Energy Consumption by sectors (TWh)
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France — Situation of Renewable Energy for
Electricity Production - Situation 2013 & PPE 2020

Technologies Instal. Power Production Instal. Power Instal. Power Instal. Power
End 2013 2013 End 2017 End 2023 End 2028
(GW) (TWh) (GW) (GW) (GW)
Hydro 25,7 75,7 25,7 25,7 26,4 — 26,7
PV 54 5,1 8,0 20,6 35,6 — 44,5
Wind onshore 8,8 16,0 13,8 24,6 34,1 - 35,6
Wind offshore + 0,0 0,4 0,2 2,4 4,7 -5,2
Marine Energy (Floating: 0,1)
Biomass 0,0 2,4 0,8 0,8 0,8
Biogas 0,0 1,5 0,1 0,3 0,3-04
Urban Waste 0,0 2,2 0,0 0,0 0,0
Total 40,8 103,2 48,6 74,0 102 - 113

TPA Source: Data from Ministére de la Transition Ecologique et Solidaire 132 TPA Toolbox Energy Book 7 — Renewables ‘9@
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PPE 2020 - A zoom on Wind Offshore
Ceiling Prices for future Call for Tenders Prices are declining

Date
d’atiribution 2019 2020 2021 2022 2023 >2024
de’'AOQ
250 MW 2x 250 MW

Eolien flottant Bretagne Sud | Méditerranée 1000 MW par an, pose
(120 €MWh) | (110 €0TH) et/ou flottant, selon les

prix et le gisement, avec
600 MW : DDUFMW 500 — 1 000 MW r des tanfs cibles |

Eolien posé | Dunkergue Li:ﬂ:: f’é:; Sud-Atlantique** fllic? iﬂ;{;‘;) mm‘&rgean_I vers les prru-;
(45 €EMWh) | ’ (60 €M) SH R de marché sur le posé

(60 EA4Th)*

* Pour ce projet, la date de 2020 est [a date de lancement de la procédre de mise en concurrence.
**Dans ce cadre, un projet éolien en mer au laree d’Oléron pourrait étre attribué.

Les dates indiquées sont les dates awrquelles un lauréat sera sélectionné, en fin de procédure de dialogue concurrentiel ;
les prix indiqués sont les prix cibles des appels d'offres sur la base desquels seront fixés les prix plafonds des appels
d 'offres. Les projets attribués a parfir de 2024 portent notamment sur des extensions des pares éoliens en mer précédents,
avec un raccordement mutualisé.

Source: Ministére’ de la Transition Ecologique et Solidaire
TPA Eolien en mer et Energies renouvelables électriques — AoGt 2021 133 TPA Toolbox Energy Book 7 — Renewables ‘9@
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France
Rapport ADEME
Colts des Energies Renouvelables et de
Récupération 2012 - 2022
Edition 2024

www.ademe.fr/couts-energies-renouvelables-recuperation-france

TPA 134 TPA Toolbox Energy Book 7 — Renewables {9@
b
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Warning!!
Levelized Cost of Electricity (LCOE) is very
dependant upon the Discount Rate Value
ADEME uses Discount Rate = 4%/5%

TPA 135 TPA Toolbox Energy Book 7 — Renewables {9@
b
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Discount Rate used by ADEME
between 4 and 5%

Filiere/technologie 2012 2013 | 2014 2015 2016 2017 2018 2019 2020 2021 2022
ELECTRICITE

Eolien terrest TA 7% 6% 6% 6% 5% 5% 5% 4% 4% 4% 4%
QUENTCMESE  jontrisque 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
Photovoltaique TA 6% 6% 6% 6% 5% 5% 5% 4% 4% 4% 4%
centrales av sol  dont nsque 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
Photovoltaique TA 6% 6% 6% 6% 6% 6% 5% 5% 5% L% L%
sur Efﬂﬂdﬁ toitures  dont nsque 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
et moyennes toitures  dontrisque 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
Hydrauli ve TA 6% 6% 5% 5% 5% L% 5%
q dont risque 1% 1% 1% 1% 1% 1% 1%
TA 6% 6% 6% 6% 5% 5% L% 4% 4% 4% 4%

CCGT Gaz

dontrisgue 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

Tp A Source: Ademe Edition 2024 — Janvier 2025 136 TPA Toolbox Energy Book 7 — Renewables {9@
. b
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France - LCOE of various Technologies - Year 2022
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- Filicres ENR comparées LCOE 2022 de la filieére de Variabilité du LCOE au plus grand
P réeférence paramétre de sensibilité

Remarque : le LCOE de la catégorie « PV toitures 3 et 9kWc » correspond a la moyenne des LCOE calculés hors
taxes des installations PV en injection de 3 kWc en IAB, 3 kWc en surimposition, de 9kWc en ISB et de 9kWc en
surimposition.

Source: Ademe Edition 2024 — Janvier 2025
Nota: For CCGT, the gas price has very much increased from 2020 to 2022

TPA 137 TPA Toolbox Energy Book 7 — Renewables ‘9@
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France - LCOE of various Technologies — 2012 - 2022

500
Evolution des LCOE de l'électricité

450 renouvelable et des centrales au gaz entre
. 2012 et 2022 (€2022 HT/MWh)
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- L .
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150 T,
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50 et —t—,
0
2012 20n13 2004 2015 2016 207 201n8 20N19 2020 2021 2022
v PV toitures 36 4 100 kWc sowss  PV-sol>500kKWc —#=—  Folien terrestre - nouvelles installations
PV toitures 100 3 500 kWc - - PV toitures 3 et 9 kWc -—a== (Cogénération a partir de biogaz
- & = PV toitures > 500 kWc Petite hydroélectricite —g= CCGT (filicre de référence)*

Source: Ademe Edition 2024 — Janvier 2025
Nota: For CCGT, the gas price has very much increased from 2020 to 2022

TPA 138 TPA Toolbox Energy Book 7 — Renewables ‘9@
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France - LCOE of various Technologies — 2012 - 2022

500
Evolution des LCOE de l'électricité

450 renouvelable et des centrales au gaz entre
. 2012 et 2022 (€2022 HT/MWh)
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50 et —t—,
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2012 20n13 2004 2015 2016 207 201n8 20N19 2020 2021 2022
v PV toitures 36 4 100 kWc sowss  PV-sol>500kKWc —#=—  Folien terrestre - nouvelles installations
PV toitures 100 3 500 kWc - - PV toitures 3 et 9 kWc -—a== (Cogénération a partir de biogaz
- & = PV toitures > 500 kWc Petite hydroélectricite —g= CCGT (filicre de référence)*

Source: Ademe Edition 2024 — Janvier 2025
Nota: For CCGT, the gas price has very much increased from 2020 to 2022

TPA 139 TPA Toolbox Energy Book 7 — Renewables ‘9@

Sharing Experience '



PV « Moyennes toitures » LCOE evolution
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I Evolution du LCOE du PV 36 4 100 kWc en injection en zone
Centre-Sud Ouest, de 2012 a 2022 (€2022 HT/MWh)
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TPA Source: Ademe Edition 2024 — Janvier 2025 140 TPA Toolbox Energy Book 7 — Renewables ‘9@
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PV « Moyennes toitures » Capex evolution

Evolution des CAPEX des installations PV 36-100 kWc

=000 sur toiture en injection entre 2012 et 2022 (€courants HT/KW)
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2326
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469 KEil 131 ] 125 fe 46 g e 46
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Tp Source: Ademe Edition 2024 — Janvier 2025 141 TPA Toolbox Energy Book 7 — Renewables ‘9@
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PV au sol LCOE evolution

400
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Décomposition du LCOE des installations solaires PV

plus de 500 kWc en injection, de 2012 a 2022 (€202 HT/MWh)
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TP A Source: Ademe Edition 2024 — Janvier 2025 142
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PV au sol Capex evolution

TP

Sharing Experience

4500

4000

3500

3000

2500
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Evolution des CAPEX des installations PV
au sol en injection (€courants HT/KW)

Sol-05-25 MW

Sol-2,5-10 MW
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Sol- =05 MW
"'r--"-..._._ 954 Bg'q' ﬁgﬂ: BSE 929
1087
B.BH LR R LR R N
790 741 741
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Remarque : De 2012 a 2020, les donnees par segments de puissance etalient disponibles et sont présentees dans le
graphique. Pour 2021 et 2022, les sources de donnees presentent des colts d'investissements pour une tranche de
puissance unigue (supérieure a 500 kWc).

Source: Ademe Edition 2024 — Janvier 2025 143

0,

TPA Toolbox Energy Book 7 — Renewables ‘_@
b



Wind onshore LCOE evolution

Evolution du LCOE de I'éolien terrestre de 2012 3 2022
pour les nouveaux parcs (€2022HT/MWh)
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Tp A Source: Ademe Edition 2024 — Janvier 2025 144 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



Wind onshore Capex evolution

Evolution des CAPEX des nouveaux parcs
éoliens entre 2012 et 2022 (en €courants HT/KW)
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Small Hydroelectricity LCOE evolution

Evolution du LCOE des centrales basse chute Evolution du LCOE des centrales haute chute
<1 MW de 2016 a 2022 (€2022HT/MWh) <TMW de 2016 a 2022 (€2022HT/MWh)
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Gas Power plant CCGT LCOE evolution

Evolution du LCOE des centrales & cycle
combiné av gaz (CCGT) de 2012 a 2022
(2022 HT/MWHh)
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Gas Power plant CCGT - Impact of Gas Price & Carbon Price

Evolution du prix du gaz naturel pour les gros
consommateurs industriels (en €HT/MVWhHh)
et du prix du carbone (en €/t CO2)
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TotalEnergies Positionning

(See Book 2 Energy, Chapter 7
& Book 4 Oil, Chapter 13)




TotalEnergies

TotalEnergies
Energy Outlook :

November 4t 2025

Neptune Floating Storage and Regasification Unit (FSRU) — Turkey

O
b
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A Challenge:
The Criticality of Mineral Materials & Rare

Earth Elements Resources
(See Book 2 Energy, Chapter 14)




The Criticality of Mineral Materials
& Rare Earth Elements

TPA 152 TPA Toolbox Energy Book 7 — Renewables {9@
b
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Periodic Table of Elements
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CHEMISTRY
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Source: US Department of Interior/USGS 2021
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More and more Materials are needed for
Industry

Needs for Energy, Car Industry, Defense,
Lasers, Medical sector, Technologies of
Information & Communication

1700 1800 1900 2000

TPA Source: Ademe /Geldron 154 TPA Toolbox Energy Book 7 — Renewables ‘?@
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Dismantlement and Recycling

155 TPA Toolbox Energy Book 7 — Renewables ‘_@



A Challenge:
The Treatment of Dismantlement and
Recycling
of Renewables Energy Equipment

PV CYCLE

TPA 156 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Recycling of Renewables Energy
End Life Equipment — Example: Solar PV

» Recycling requires separating and recovering materials that contain: aluminium frames, silicon
solar panels, plastic, glass covers, metals (cadmium, copper, lead, gallium,tellurium, indium,....)

» One tool: Legislation on Management of WEEE (Waste of Electric and Electronic Equipment)

A\

# 96% of Waste can be recycled

Glass can be indefinitely reused for multiple purposes

Aluminium can be reused for all types of aluminium based equipment.

Silicium can be reused 4 times to fabricate new solar panels or be incorporated in other electronic products
Copper & silver can be reused for multiple applications

Plastic is not recycleable. It is burned.

coooo

-I-PA 157 TPA Toolbox Energy Book 7 — Renewables F@
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Recycling of Renewables Energy
Equipment — Example: Solar PV

Overview of global PV panel waste projections, 2016-2050
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Source: IRENA/IEA 2016
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Recycling of Renewables Energy
Equipment — Example: Solar PV
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Source: IRENA/IEA 2016
End of Life Management — Solar PV Panels 159
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Recycling of Renewables Energy
Equipment — Example: Solar PV

Cumulative waste volumes of top five countries for of end-of-life PV panels in 2050

China I 20 milon

13.5 millicn

I, 1 -

=
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6.5 million

- =

4.5 million
B Gormany IR ¢ milon PV panel vt glonaiy
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Cumulative PV panel waste (million t)
Regular-loss scenario || Early-loss scenario

Source: IRENA/IEA 2016

TPA End of Life Management — Solar PV Panels 160 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Recycling of Renewables Energy
Equipment — Example: Solar PV

Process flow diagram of the life cycle stages for PV panels and resulting opportunities:

Treatment/
Recovery
or Disposal

Raw material Material Manu- Decom-
acquisition processing facturing missioning

Reduce

Adapted from Fthenakis (2000)

Source: IRENA/IEA 2016

TPA End of Life Management — Solar PV Panels 161 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Recycling of Renewables Energy
Equipment — Example: Solar PV

PV Panels Recycling System

Aluminium Back Glass &
frame — sheet — = EVA burning —P Si cell
removal remowval (Ethylene VinyI Acetate) recovering

N\ |
- &

Module
loading

Aluminium Si cell Glass CIS metal
frames fragments cullet powder

CIS (Copper Indium Selenide)

Thin-film Si Recovering valuable materials
Crystalline Si

Based on Noda et al., (2074}

Source: IRENA/IEA 2016

TPA End of Life Management — Solar PV Panels 162 TPA Toolbox Energy Book 7 — Renewables ‘9@
[ 3

Sharing Experience



Recycling Plant Solar PV panels - Saint-Loubes/France
Since 2015, 20000 solar panels have been recycled

O
b
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Recycling of Renewables Energy
End Life Equipment — Example: Wind Turbines

Unfortunetly, decommissioning and recycling Wind Turbines is still a kind of blindspot
and is not the subject of thorough analysis by the Wind Energy industry.

Many Wind Turbines components — tower and foundation, generator and gearbox are
manufactured from materials that are recyclable and have good scrap value (Steel and
Copper) The recycling rate can reach 85/90%.

Wind Turbines blades, made from composite material (fiber-reinforced epoxy or
unsaturated polyester) are more problematic. They can be recycled through cement co-
processing

Additional solutions could be to cutting the blades into pieces that are refined by
grinding and milling and processed into new composite materials which can be used in
other applications.

164 TPA Toolbox Energy Book 7 — Renewables 9@
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BOOK 7 - TABLE OF CONTENTS

Sharing Experience

1.
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Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments —
Potential/Diffusion/Network — Subsidies — Intermittency —
Competitiveness — France PPE — Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy
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TABLE OF CONTENTS

1. Wind Technology Fundamentals

2. Wind Energy Markets

3. Offshore Wind Energy

4. Wind Energy the approach of TotalEnergies

5. Wind Economics Fundamentals
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Wind Technology
Fundamentals
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Conceptual power curve of a wind turbine

Power output, kW Cut-out speed

2000 4 Rated power
1,500
1,000
-| Cut-in speed Control rotor’s
500 - rotating speed
0 p— 1 T | l T I I , >
0 S 10 15 20 25 30

Hub height wind speed, m/s

Power received from the wind turbine is equal to kinetic energy of wind

flow through the rotor period of time Air density p=1.225 kg/m3

v=wind velocity

1
P(v) ==p1?
2 P=power

Note: m/s is meters per second.
Source: A.T. Kearney Energy Transition institute; IPCC (2011), “Special report on renewable energy”

TPA
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How to read this graph

» Cut-in speed: rotors start extracting energy
from the wind at a defined speed, the cut-in
speed (usually ~3 to 4 m/s).

» Rated power: power production increases

with wind speed until it reaches its rated
power level (usually ~11 to 15 m/s). The
energy available in the wind is a function of
the cube of the wind speed.

Controlled speed: after rated power, control
systems limit power output to avoid
overloading the wind turbine through stall
control, pitching the blades, or a combination
of both (see appendix).

Cut-out speed: most turbines stop
producing at a defined speed to limit loads
on the rotor and prevent damage to the
turbine (usually ~20 to 25 m/s). The blades
are feathered and the gearbox is locked (see
appendix).

0,
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Wind energy resource

Wind speed and POWER

©

= P{u) (kW)

Power (kW)

Available Wind Power

©

Wind Speed (m/s)

Energie éolienne disponible

Power (kW)

Wind speed distribution

@ Wind speed (m/s)

Wind occurence

Wind speed (mis)

() resutot (1) + ()
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Theoretical maximum recoverable energy

Sharing Experience

Recoverable share of Wind energy is limited to # 60 % (Betz Law)

Available Wind Energy

A

Power (kW)

Maximum
Recoverable Wind energy

Wind Speed (m/s)
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Gross production

Wind speed distribution
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Losses

¢ Additionnal losses in « real life »:

= Turbines technical non availability (3-5 %)
= Electric losses (1-4 %)
=« Losses due to effect (3-5 %)

= Topographical losses and others (5 to 15%)

Total additionnal losses: 15 to 30%

TPA 173 TPA Toolbox Energy Book 7 — Renewables {9@
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Electricity Production versus installed Power

REAL LIFE EXPERIENCE:

25 % achieved only at early equipement stage
20 % is an average real availability
Better availability for offshore Wind turbines

This is to be compared to 80-90 % for nuclear power
plants or classical thermal plants

Available

Recoverable/Productible gross

Power (kW)

Productible net

wind speed (m/s)

Net production = 25 % of Wind Energy
TPA 174 TPA Toolbox Energy Book 7 — Renewables {9@
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Output Power of a windmill

Pmax = 1l2*0,59*p*Q*v2

(Betz law limit)

Q=A*v

EE) Prmax # 0,30%p*A*v3

Pmax = Maximum Output Power in kW
p = Air density (1,225 kg/m3)
Q = Air flow (m?3/s)
A = Swept area of the blades in m?
v = Wind velocity in m/s
175 TPA Toolbox Energy Book 7 — Renewables ‘9@
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14 MW Siemens Gamesa — Max power coefficient

SG14-222DD

IEC class I, S
Nominal power 14 MW
Rotor diameter 222 m
Blade length 108 m
Swept area 39,000 m?
Hub height Site-specific

Power regulation

Pitch-regulated, variable speed

176

Pmax # O,3OpAv3

p = 1,225 kg/m3
A = 39,000 m?
V =11 m/sec

Pmax # 19 MW

0,
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Proof of the Betz Law

TPA 177 TPA Toolbox Energy Book 7 — Renewables {9@
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Energy conversion « from the wind to the electron »

Wind Rotor G t Eletrical
mechanical mechanical enerator energy fed

energy energy slectrical snsrgy into the grid

A 4

\ 4
A

A wind turbine is a device designed to convert the energy of the wind into electricity
From a minimum wind speed (~10 km/h) the wind energy drives the rotor of the wind turbine

The rotational movement is transmitted to the horizontal axis which drives an electric generator
The electrical energy is transported to the shore by cables and fed into the power grid

Sharing Experience '
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Betz Law

Betz law indicates the maximum power (i.e. the mechanical
energy) that can be extracted from the wind, independent of the
design of a wind turbine in open flow.

No turbine can capture more than 16/27 of the kinetic energy in
wind.

Utility-scale wind turbines usely achieve at peak 75 to 80% of the
Betz limit as electric energy.

Kinetic energy Mechanical energy Electric energy

16/27 75 to 80%

TPA 179 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Betz Law - Kinetic Energy

v: Speed of the air flow t t+At
p: air density (supposed constant)

Kinetic Energy of a mass m of an
elementary cylinder (lenght dl, area S)
streaming through area S during At:

AE, = 1/2mv? = 1/2pSdlv?
dl=vAt mEEE) AE, = 1/2pSv3 At

Kinetic Power = P, = AE, /At
P, =1/2pSv3

di dl
TPA 180 TPA Toolbox Energy Book 7 — Renewables (9@
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Betz Law
Air stream tube schematic

V1: Wind speed before the wind turbine
V : Wind speed at the level of the rotor

V2: Wind speed after the passage through the rotor plane S2

V2

0,
Sharing Experience ‘
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Betz law

Let’s consider the stream tube.
Q: mass flow.
Mass flow is constant in the air stream tube.

Mass of air entering the stream tube equals the mass of air going
out from the stream tube during At (Conservation of mass)

Q=m/At Q= pSvAt/At =pSv =Cst

That means S1v1 = Sv = S2v2 (v1>v>v2)

Power lost in the air stream tube:

P, =P1—-P2=1/2p(S1v13 - S2v23) = 1/2pS1v1(v1? - v2?)
P, =1/2pSv(v1? — v2?)

TPA 182 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Betz law

The wind exerts a force on the wind turbine wich receives a work
transformed into a rotational mechanical energy.

Wt = Fdl = FvAt
The wind turbine receives a mechanical power Pt:

Pt = Wt/At Pt =Fv
The force equals the variation of momentum:
p=mv

F = Ap/At = Amv/At= mAv/At = pSdl Av/At
F = pSv(v1 - v2)
Pt = pSv3(v1 — v2)

The power received by the wind turbine equals power lost in the air
stream tube:

Pw = Pt 1/2pSv(v12 — v22) = pSv3(v1 — v2)
Therefore, v =1/2 (v1 +v2)
And Pt = 1/4pS(v1 + v2)3(v1 — v2)

183 TPA Toolbox Energy Book 7 — Renewables {@
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Betz law

Let’s define the Coefficient of Performance (ratio between the
power gained by the wind turbine and the power of the upstream
air flow):

Cp = Pt/P1

Pt = 1/4pS(v1 + v2)?(v1 — v2)
P1=1/2pSv13

Cp =1/2 (v1 + v2)?(v1 — v2)/v13

Let’s define x = v2/v1

Cp(x) =1/2 (1 + x)%(1 — x)

dCp/dx =1/2 (-3x2 - 2x + 1) dCp/dx =0 for x = 1/3
Cp max =16/27 = 0,5926

Pt max =1/2 * 0,5926pSv13# 0,30 pSv13

TPA 184 TPA Toolbox Energy Book 7 — Renewables {9@
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Betz law — Max power coefficient

Cp(x)
0,70

0,60 P Maximum = 0,5926

0,50 e N
0,40 \

0,30 \

0,20 \

0,10 , \

0,00 / e \ X
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Wind Energy Markets
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N°1 China, N° 2 US

Evolution of Installed Wind Power Capacity (GW)

1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

2003 I
2004 M
2005 [

Source: Data from IRENA 2026

Figures represent the maximum net generating capacities installed and connected at the end of the year
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2006 [

2007 [N

Total 2025: # 1290 GW out of which 79 GW offshore (7,1%)

2008 NN

2009 NN
2010 NN
2011 NN
2012 NN
2013 NN
2014 TN

2020 T
2021 [ TN
2022 | TR —

2015 RN
2016 TN
2017
2018 RN
2019 NN TS
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2023 | AT —
2024 T —

2025 | T —

B Rest of World
H Sweden
Bl Canada
MW France

H UK

@ Spain

l Brazil

H India

[l Germany
l USA

l China

0,
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New Wind Installations History 2001-2024 (GW)

Historic development of new installations (GW)

116.6 117.0
109 B.O

CAGR
+7 % 95.3

93.5

& Onshare
® Offshore CAGR

+10% 77.6

CAGR 63 8 &0.0

+22%

-

549
53.5
1 500
4.3
4
39.1 40.5
38.5
0.4 1.0 1.0 363
27.0
Q.5
20.3
0.2
14.7
11 5 0.1
7.3
0.2
u H H H . 3re 38.0 45.6

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 201& 2017 2018 2019 2020 2021 2022 Y2023Y2024

| | ! i |
: Share of offshore ~1% i ~3% i 5-23% I 7o

68.8 105.7

Foomote: GWEC made the adjusiments to new installations and total installation in 2023 based on the updated statistics GWEC received. For detzils see Appendix -Methodology and Terminology
TP A Source: GWEC Global Wind report 2025 188 TPA Toolbox Energy Book 7 — Renewables ‘9@
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New Wind Installations Outlook 2020-2024 (GW)

TPA
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MNew installations

GW
0.3%:-=---;
® Onshore
® Offshore ! i
116.6 117
8
253 23.46
7T
109
2020 2021 2022 2023 2024
New capacity in 2024 installed by New capacity 2024 and share of top
region (%6) 10 markets (%)
A ® APAC ® China
! ® Europe ® Us
L — i @ Morth Americ ® German
° : ® LATAM ® India
L A — Africa & ME ® Brazil
® UK
® France
14% o ® Finland
® Canada
e F 59 Turkey
® Cther
—— B

Source: GWEC Global Wind report 2025

O
b
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New Wind Installations Outlook 2021-2030 (GW)

Wind power installations need to triple by 2030 in order to achieve
a 1.5°C Pathway

400 3,200

. o

— 350 O we reach only 77 % of the wind 2,800 2
= power requirad by 2030 1o stay =
o 100 on-track for a net-zero/ 1.5C pathway 2,400 =
= @
= o
=g 250 [ Annual insmallations need to grow by 3x ] 2,000 E
Z 200 1,600 &

= o
[ ——|
= 150 1,200 =

) =
= 100 800

=
=
50 400
Q0 o

2021 2022 2023 2024 2025 2028 2027 2028 2029 2030

® MNew wind capacity @ Projected new wind capacity based on current growth rates
® Annual capacity gap to meet net zero by 2050 vscenarios
® Cumulative wind capacity to meet net zero by 2050 scenarios

0,
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New Onshore Wind Installations by country 2020-2024 (GW)

- 0.3% - New installations onshore (%)

® Onshore
® Offshore

Rest of world 12% o

' ' =——- China 70%
116.6 117
France 1% o
Spain 1% =
Turkey 1% ©

Canada 1%°
Finland 1% =

Brazil 3%0 _.
Germany 3% o
Ind‘l'ﬂ 39% o

953 93.6

/7.6

US 4% o oo

Total installations onshore (%)

Rest of world 16% =
""""" = China 46%

UK 2% [
Canada 2% =

France 2% =

Spqin 10 1 S —

1052.3 GW

Brazil 3% o
India 5% o
2020 2021 2022 2023 2024 e 5% -
Us15% =
TPA e 191 TPA Toolbox Energy Book 7 — Renewables o%
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New Offshore Wind Installations by country 2020-2024 (GW)

TPA
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MNew offshore installations [MYWW)

CAGR 47

21,106

T2

2021 2022 2023 2024
- S & Other Asia & China
= Other Europe = SGermany = UK

Source: GWEC Global Wind report 2025
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New installations offshore (%)

° Rest of world 6%

France 8% «

----------- - China 50%

Germany 9% eo-m-——mm

Taiwan (China) 12% -

UK 15% =

Total installations offshore (%)

Rest of world 10% - j -0 China 50%
Taiwan {China) 4% o--

MNetherlands 6% swmeermes

Germany 11% =

UK 19% =

0,
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Offshore Wind Annual Installed Capacity
Forecast 2030-2050

Strong installed capacity increase, new ambitious targefs and /or policy improvement Renewable snergy by 2030 Egypt China
. ® 42% renewable energy by 2035 with ® 50 GW of planned installations during the

support of Green Corridor Inifiative 14th Five-Year Period (2021 -2025)

Adequate fargels and policies, but not matched by expecied progress
e Installations projected to rise from 1.7 GW ® Projected annual installafions of
@ Offfshore wind by 2030

Lack of progress or regression 1o 8 GW by 2030 70-80 GW uniil 2030

©® Multi-GW scale projects in early stages of ® local indusiry ready to support annual
development installations of approximately 15 GW South Korea
@ Ofshore wind by 2050 @ Wind energy fargef increase from 2 1o 34% as

part of a 30% renewables target by 2036

® Projected 34 GW of installed wind energy
by 2036

® New govemment implementing a ‘One Stop
Shop Bill'to fast-track project development

-
Wind energy by 2030
5%

o A 2022 64 GW
: 2030 430 GW

2050 2,000 GW
Qi

Philippines

. . — The global offshore wind sector
o - expects to grow rapidly and
E?"f;l"’““*:‘-’“"!"”"“"- “goxwmfﬁﬂ;d : account for circa 20% share of the
o onfobsoer . R total wind capacity installed in

growth and job creafion 5030 two-envelope bid system.
® ABEESlica expecis annual additions s ® MNRE published a strategy paper

in the region of 3 GW for onshore > ve outlining a tender trajectory of 37 GW of

wind over the next decade offshore wind by 2030 20 3 0 .
@ Offshore wind and green hydrogen @ Indian govemment and industry seizing

expected as additional drivers for supply chain opportunities

wind energy development

Australia
® New national government supportive of onshore
Vidoria - offshore and offshore wind development
wind by 2040 @ Offshore Electricity Infrastructure Regulations
No federol forgets sy
@ Announced areas for offshore wind in
Gippsland (Victoria)

TPA Source: GWEC Global Wind report 2023 TPA Toolbox Energy Book 7 — Renewables
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Global Wind Annual Outlook for new Capacities 2024 - 2030

TPA
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Regional onshore and offshore wind outlook for new installations (GW)

10 10.2

211 21.2
14.9
7.4 77
125 12.6 .
A7 37 13 13.5
B &5

2024 2025e 2026e 2027e 2028e 202%e 2030e

® Morth America onshore @ Latin America onshore

100.4

7.6
?si

2024 2025e 2026e 2027e 2028e 202%9e 2030e
® India onshore

® China onshore @ Other Asio-Pacific onshore

Source: GWEC Global Wind report 2025

2024 2025e 2026e 2027e 2028e 202%9e 2030e

® Eurcpe onshore
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4.5
392 11

2.8
E H ]

2025e 2026e 2027e 2028e 202%9e 2030e
® Africa onshore @ Middle East onshore

34
307
25.8
. ‘ \us

2024 2025e 2026e 2027e 2028e 202%9e 2030e
@ Asio-Pacific offshore @ Evrope offshore @ North America offshore

2024
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A Zoom on Europe
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Installed Wind Power Capacity in Europe (GW)

At the end of 2023, Europe has 285 GW of installed wind energy capacity. 87% (210 GW) of this is built onshore
with the remaining 13% (37 GW) built offshore.

20l ] e0dle 2018 ) 20: |
Off ] ] IL; g8 ] : 4
| £ }

TPA Source: Wind Europe 2025 196 TPA Toolbox Energy Book 7 — Renewables {9@
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Installed Wind Power Capacity in Europe (GW)

More than 50% of Europe’s installed wind energy capacity is built in just four countries: Germany, UK, Spain, and
France. Germany alone accounts for 25% of Europe’s and 31% of the EU’s installed wind energy capacity.

@

Turkiye

TPA Source: Wind Europe 2025 197 TPA Toolbox Energy Book 7 — Renewables {9@
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Installed Wind Power Capacity in EU (GW) and projections

At the end of 2024, the EU has 231 GW of installed wind energy capacity. 91% (210 GW) of this is built onshore
with the remaining 9% (21 GW) built offshore. According to the European Commission, the EU would need 425
GW of wind energy installed capacity by 2030 to meet its climate goals.

2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 20287 20z

TPA Source: Wind Europe 2025 198 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Investments in new Wind Farms in Europe (G€)

Wind Energy investments totaled €32.6bn of which 75% (€24.7bn) went to onshore wind. In total 19.9 GW of new
capacity was financed. 17.3 GW of onshore wind and 2.6 GW of bottom-fixed offshore wind. There was no
investment in any floating wind project in Europe.

ol

e ment Offshore - Bot

. 199 I1FA 10010D0OX ClNergy boOokn 7 — nenewables o
TPA Source: Wind Europe 2025 3
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Investment Intensity of Wind Energy in Europe (€/MW)

The average investment cost for onshore wind remains stable at more or less €1.4m per MW. Average
investments cost for new bottom-fixed offshore wind remain highly market-specific as can they entail different
development costs, most notably the grid connection. There was no investment in new floating offshore wind.

= . i 4.0 41 s
b , i 4
: 24 21 2.d ! Ts
L ] 3 ( | estment ffahore - B fixed wind investrment

. 200 I1FA 10010D0X CNnergy ook Il - nenewables o
TPA Source: Wind Europe 2025 3
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Wind Energy — Turbine size evolution

Trend of onshore and offshore turbine size, 1980-2030

1 Tip Hesgnit jm)
" Faotor dlametsr {my)

350m (Esterain )

5 045 MW OLG MY 35 MW (Estimate)
F =
1880 1985 1000 1991 1995 2000 2005 2010 2015 2020 2024 2030

200m | Estimais]

Onshore

180m

0L0S WPV 0T N L5 WY 5N 20 MW (Estimaite)

Source: GWEC Market |n'E||iganCE|.
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Avoided CO, Emissions

Wind energy generation avoided 142 million tons of CO, emissions in Europe. This amounts to economic sav
of €8bn in Europe assuming the average carbon price of £56.6 per tonne of CO, emitted.

) 202 TPA Toolbox Energy Book 7 — Renewables
TPA Source: Wind Europe 2025
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Wind Offshore overview in Europe
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Source: Wind Europe, Ministére de la Transition Energétique, le Figaro
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Wind Offshore overview in Europe

Les objectifs de déploiement de I'éolien en mer en Europe ~.mais le nombre d’éoliennes en mer connectées aux réseaux
sont exponentiels... risque de marquer le pas _

Obiectifs de déploiement de capacités cumulées en GW dici 4 2030 Capacités déoliennes en mer connectées aux réseaux électriques, en GW

160 - m Royaume-Uni 4 B Roysume-Uni

W Allemagne m Allemagne

Les capacités
140 W Pays-Bas atteindre 5 GW

® Danemark a la fin de lannée

W Belgique

Danemark

W France
120
B Pologne

Portugal W Autres

I W Pays-Bas connectees doivent
I France
100 m Autres -
: I| |
w I
40 l I 1
T

3 2024 2026 2027 2028 29 2030 20% 2016 2016 2077 2018 2019 2020 2021 202 2023

;§—-

;t‘ ECH(RJ ‘:OJwE MhU EUHUPE
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Offshore Wind Energy

A major advantage: wind speed and regularity: average 2500
hours/years versus 2000 onshore.

A major disadvantage: costs.

0,
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Offshore Wind Farms

Source: EWEA
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Wind offshore: The Past and the Future - IEA vision 2019

TPA
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324 m
230 - 250 m
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220 m

Metres

164 m

151m

2010 2013 2016 2021* 2030**
3 MW 6 MW 8 MW 12 MW 15-20 MW

Technology advances enabled offshore wind turbines fo become much bigger
in just a few years and are supporting ongoing increases in scale

* Announced expected year of commercial deployments. ** Further technology improvements through to
2030 could see bigger turbines sizes of 15-20 MW.

Motes: lllustration is drawn to scale. Figures in blue indicate the diameter of the swept area.

Source: IEA WEO 2019 207 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore Wind: a typical project schedule

Project development

Zones & sites Development studies EPCI Preparation Operations +
Identification FEED & 5 years extension

Decommissioning

1-2 years
1-2 years 3-6 years Construction 20-25 years y

2-4 years

Auction FID COoD
Tender submission Final / Commercial /
Clarifications Investment / Operations /
Developer award Decision Date
Total project duration 30 to 40 years >

TPA 208 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



Zones & Sites ldentification

*

Initial screening of potential site(s) vs marine, military....
Local authorities offer potential areas for lease
Preliminary studies to select potential locations for

» Offshore wind farm

= Onshore grid connection
Prepare tender documents including :

= Technical details

= Commercial conditions

= Selection criteria
Tender issued to potential developers or consortium

Bids submitted

Selection of developer (or developers if several zones offered)

TPA
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Operations +
5 years extension
20-25 years

Zones & sites
Identification
1-2 years

EPCI Preparation &
Construction
2-4 years

Development studies Decommissioning’

1-2 years,
3-6 years!

réseau électrique
RTE a 225 ooo volts

Zone d’étude pour
le raccordement
terrestre

GRID CONNECTION

réseau électrique
RTE a 400 ooo volts

.
.........
‘‘‘‘‘‘‘‘‘

OFFSHORE
SITE

Seea
----------
-----

0,
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Project Development : Environment Analysis

Geotechnical-meteocean

Identification

Zones & sites Development studie: EPCI Preparation &
FEED b Construction
1-2 years 3-6 years 2-4 years

60 80 100

Biodiversity
Water Quality Avian and Bats
2 >
VW

Coastal and
Terrestrial Habitat

7
AAAA
>

Marine Mammals
and Sea Turtles

S¥

210

Benthic and
Shellfish

522

Finfish and
Essential Fish Habitat

NN
VWA

D

[

Project development

Operations + Decommissioning
5 years extension 1-2 years
20-25 years :

Stakeholders

Natura

o Sailors

0,
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Project Development : Engineering Studies

Project development

Zones & sites Development studiesWy EPCI Preparation &
Identification FEED »  Construction
1-2 years 3-6 years 2-4 years

Operations +
i Decommissioning’
5 ysam e 1-2 years
20-25 years

TPA
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UNCERTAINTY INFORMATION
Conceptual Preliminary Front-End Detailed Operations
Engineering Engineering Engineering &  Engineering & Support

(Pre-FEED) Design (FEED) Execution
» IDENTIFY

development » UPDATE viable » Define concept » Final design » CAPTURE

options concepts as » Define basis » Project budget Operations
» IDENTIFY needed with » BENCHMARK finalization feedback for
uncertainties & appraisal data costs from » Execution new

risks » SCREEN vendor quotes fabrication technologies

» IDENTIFY concept options » Define schedule installation

enabling & (risk-based) » Refine CAPEX & » BENCHMARK
enhancing » SELECT OPEX operating costs
technologies concept

Cost Estimate +20-

H 0,
Cost Estimate £50% 259

Cost Estimate £10-15%

211

Cost Estimate 5%
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Project development : Procurement & Construction

Project development

5 years extension
20-25 years

Construction

2-4 years ‘

Identification
1-2 years 3-6 years

1-2 years

Zones & sites Development studie: >5F'C| Preparation & ‘ } Sl Decommissioning

Value chain

Development . N Operations & lifetime N
Project Construction N Decommissioning
Phase Extensions
PRI .. ability, licensing, | Project
planning !

Main
Contractors
Front-end
Engineering
System Cable & dationd
Integrators. kubstation: -oundation:
Integrity management
T: c Vessel & Lifetime extension | Removal
25 oduc Turbine design & A
5 £ Suppliers & Power Maritime
a v Logistics
Marine Environmental and Installation|
Operations Seabed Survey

Service
Providers

Legal lllf
Financial ”
Advisor Commercial Advisory

R&ED Research Institutions

Digitalization Digitalization

TPA Toolbox Energy Book 7 — Renewables ‘_@
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Offshore Wind: A zoom on Geosciences

TPA
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Geoscience inputs in wind project development

TPA
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Assess

Project
Stages / Opportunity Bidding
Milestones ST | Preparation
Geophysical
Geoscience Preliminary
Campaigns Campaign
Ground otk
esktop
model Study
Updates
Windfarm concept
RFI / RFQ

V1

Project Development

Geotechnical
Preliminary
Campaign

V2

Conceptual Design
/ Basic Design

Geophysical Detailed
Campaign

Geotechnical

V3

Detailed Campaign

V4

Detailed Design

Windfarm
Operating

Project
Construction

Geophysical
Inspections

Geophysical
Monitoring

Source: Nicolas Nosjean
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Offshore Wind: A zoom on Geosciences

Geoscience Roles in Offshore Wind farm Lifetime TPA
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/Subsurface strat:graphy & sedlmentology
s Sesines
1. Sitelevaluation—=~ = S~

G \yfz‘i
11} | 1A

N

Geoasse‘:ls fors Suspended sediment plumes
energy storage Scour monitoring ' L y | \
*j s Repowering turbines with,
\ Cable routing Position-specific - jgm':gs:r't‘i’ggg/ new foundation designs \
“and rotectlon — foundation designs _At— reefs :
e P ———based on subsurface/lr'\ 3 S#C;a"!:)r:g
2 Slte development\ = - character I 4‘\ Seabed replenishment wind
after deoommnsslomng
.__—"\ /_.——
— =
3. Site repowernng/decommlssmn_lng" -
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Offshore Wind: A zoom on Geosciences

Geoscience disciplines required in wind energy TPA

Sharing Experience

- LOGY Ry
mobility
Geophysical[™™" >
...PHYSICS Interpretation 95,,
.Geotechni'cal <
G E O interpretation »/’ /;
...TECHNICS o
...MATIC Integrated
+ METOCEAN

0,
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Offshore Wind: A zoom on Geosciences

TPA

Sharing Experience

Offshore wind farms foundation types

Offshore wind
Geoscience objectives

Offshore wind farms installations & components
" A , ) » ey Types of offshore wind turbines with applicable water depths

Turbines 4 _
Array cables '

Floating Turbine

Foundations | ho} 4
4 - Gravity | Monopile Suction
.:: : Foundation Type Based Jacket/Tripod Caisson Anchor
= Water Depth Range <20m <30m 30to60m 30to 60 m >60m
+ METOCEAN Fiae s
) Embedment Depth Range <5m | 30to50m 30to 70 m 15to 30 m <10m
Image: DHI website - Table: Fugro
216 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Offshore Wind: A zoom on Geosciences

Offshore wind TPA

Geoscience inputs Iin project developement ool e

il : Initial
athymetry Geological
& moc?el Geotechnical

Geohazards (with geophy. acq.) coring

Offshore wind
farms ground

modeling Final Geomechanical Geotechnical

geological model model

0,

TPA Source: Nicolas Nosjean 217 TPA Toolbox Energy Book 7 — Renewables ‘_@
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Offshore Wind: A zoom on Geosciences

SORhats v == TPA

—|
——

RMS 0.5ms centered i RGB

199 Hz 442 H: 729 H:

(Durot et al.. 2023. modified)

TPA Source: Nicolas Nosjean 218 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore Wind installations
A Zoom on the turbine selection — An old model!

TurbinePower 3MW

Turbine AXIS Height above sea 70a75m

Rotor diameter 90 a 100 m (tri-blade)
Rotor rotation speed 10 2 15 tr/mn

g0 Nominal Wind speed 13 m/s

235 | Minimum Wind speed 4 m/s

2@ | Maximum Wind speed 25 m/s

Design extrem speed 72 m/s, 3 secondes

Power control through blade Orientation System

TPA 219 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Operations & Maintenance

5 years extension
20-25 years

Identification Construction

Zones & sites avelopment studie: h y } operatlons ’ Dmmmissio_ning
1-2 years 3-6 years 2-4 years

1-2 years

Lyt er ey orprerlo o prpprrigg

10 30 50 70 9 110 130
Distance from O&M port (NM) he companies w

TPA 220 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore Wind Technology
Bremerhaven site (Germany) and Saint-Nazaire (France)
Construction - Installation - Maintenance

v
»

KL Bl

R

TPA Source: Areva Wind/WeserWind GmbH 221 TPA Toolbox Energy Book 7 — Renewables ‘9@

b
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Wind Offshore equipment — Saint-Nazaire/France
New Power: 12 MW - New rotors: 750 tonnes

TPA 222 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Decommissioning

—-—-‘ Zones & sites ) nent studi EPCI Preparation & Operations + oot
i ——— .m.m-mnnmllllllll“'!mmmM' Identification Construction 5 years extension D'e“z el
( T i 1-2 years 3-6 years 2-4 years 20-25 years .
Regulations + i

Project Management, :

Planning and Financial

Procurement Resources

Environmental
Impact
Vindeby 5 MW
Denmark
Wind "
- Installed 1991/
Cu+Lin retrieved 2017
Foundations
‘V'
Decommissioning :
Operations Sibstationt Lift
Unburied = Cut + Remove
o <$
Buried = Lefi in Situ
\/ =
Leftin Situ
Dismantle

Post Decommissioning Reuse

Destination
Reevele

Disposal

Removed Elements

Seabed Clearance

Surveys
Monitoring and Maintenance

5
&

TPA Toolbox Energy ook 7 — Renewables
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The key Developers

30

11.80

Source: 4C Offshore, Company Filings.

TPA
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22
10.80
12
5.60
1°50 1.20 ) 2.10
:gmor(oux - (O‘. VATTENFALL o
AT g =

224

Source: Northland Power website

*as of Nov 2021

- Development Pipeline Asia & Americas

- Development Pipeline Europe

- Operational

Unit: GW

2. 40 6.00 2 10
«:"; EnBW
€DF

1 = -
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Offshore Wind Farm: The main components

o Transmission
Turbines System
Overhead Lines
Offshore Onikaie
Substation Substation
POI
Landfall _/_\
'I‘ \ Interconnection
Underground Cables Switching Station

Inter-array Cables Export Cables

TPA 225 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The supply chain

/

Cable Transformer Installation Installation Foundation
ntataon ] Cable supoly wiG supply

Scarcity O O (@) O O O @)
Market dominated Long lead times Limited amount of  Larger purpose-built Players from oil & gas Market dominated by Market leaders
by small players anticipated players for vessels, installation diversifying monopiles, new followed by new JV's,
substations experience and operations into technologies increasing competition
competition offshore wind entering
CT OFFSHORE AZSEA SIEMENS
NSW = & /I
2 A eotian o Mo VESTAS OF FGHORE WIND
— — DEME =) SMULDERS GROUP
m van Oord W
© Low ‘ P SWIRE BLUE OCEAN
O Medium REEF SUBSEA . ST,
®Hish  \BNAS S L R )

TPA 226 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Wind
Turbines

WTG (Wind Turbines Generators) o, o,

‘ | Landfall -
. 0-Series Gl G2 G3 G3 \ 7
WTG Key s u pp I I e rs I_l—l—l Underground Cables
300m 21-25MW Inter-array Cables Export Cables
m Siemens Gamesa 17-20MW
12-16MW

m Shanghai Electric

; 200m 10MW

| Vestas EMW

MingYang IMW

= GE 100m

= Goldwind

W Envision

m Others

2005 2014 2019 2022 2030 2036 2040 onwards

14 MW SIEMENS GAMESA 15 MW MHI
VESTAS

$G14-222DD | 7 ]

IEC class I,S

Nominal power 14 MW

Rotor diameter 222 m

Blade length 108 m

Swept area 39,000 m?

Swept area : 43 000m2

Hub height Site-specific Rotor diameter : 236m
e T Power regulation  Pitchregulated, variable speed Blade length : 115,5m
Buldng  delatbeé Moniment  ulting Bulding 120w V236-15.0 MW ™ Serial production : 2024

TPA 227 TPA Toolbox Energy Book 7 — Renewables {9@
b
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WTG : the chinese suppliers The World’s Biggest

Since the early 2000s, wind turbines have grown in size—in L 2oy =S
both height and blade lengths—to generate more energy. eI C RIS ER

To reduce costs. Huge turbines
Today, the tallest turbines can reach over 200 meters and cost increase energy capacity,
more than $12 million. They are all offshore—located over water. creating economies of scale

that drive the cost of energy

per megawatt-hour down.

350 m

SG 14-236 DD
14 MW

Site Specific Height V236-15.0

Sl m MYSE 16.0-242
5 280 .0
HALIADE-X 16 MW
14 MW

264 m
260 m

200m

- ENs Gamesa Vestas 5=

= = - X 2 - GENERAL ELECTRIC | The first prototype will be Prototype installation is MINGYANG SMART ENERGY
- = = Prototype started operation installed in 2022 scheduled for H2 2022 Under construction. Expected

o . = in October 2021 to be online by 2026.

L= - The first company to The nacelle —that houses all of It has the industry’s largest Smaller prototype
Source: MingYang Smart Energy operate a turbine at the generating components— swept area —43,742 m?, version is running at the
Image: CSSC Haizhuang Wind Power = this power output. ‘weighs 500 tons. equivalentto 6 soccer fields. company’s test center.

TPA e
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Wind
Turbines

Foundations . -

Substation Substation

Foundation Key Suppliers | | = J<| e

Inter-array Cables Export Cables
m SIF
= EEW
m CCC Third harbour
FOUNDATION DEPTH [lTI]I Jiangsu Longyuan SP{’B" gemi-sub
Gravity-based I m Huadian Tripile Barge
foundations <20 Bl 80 1
(GBF} Triped Others
—  Monopile m Others , 126 16
E | 10-30") Gravity b{a:lgi Monopile
4,258
2 Tripod/-pile ) : . : ’ Jacket
g Iﬂ ,ﬁL 2550 4s8
Jacket %
20-60
Floating
>50
O
Monoplie

Space Frame (Tripod)
Space Frame (Jacket)
Gravity-based Structure (GBS)

-I-P A 229 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Installation Vessels

Turbine installation vessel demand*
Vessel years

y
90 - '
m 12+ MW

80 - RYSTAD ENERGY

= 9-12 MW

704 wg9MW

60 |

—0

50 -

40

30 -

20

10 4 . I
=z=2=N000R

4-6 MW

0-4 MW

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

TPA
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JACK-UP VESSELS

Application

> Offshore wind farms are constructed
by jack-up vessels

> Mostly, jack-ups load material in
harbors, carry it to site and install it

[History

> Vessels from offshore oil & gas
industry deployed for first wind farm
installations

> Maijor bottleneck around 2008 for
offshore wind installation vessels

> Some 15 new vessels are being built
that are tailored to the needs of
offshore wind energy

-
NEW GENERATION OF VESSELS

230

0 0Ss ZEELANDIA
SENI - SUBMERSIIE MEAVY LIFT - VESSEL

0,
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Wind

Array & export cables

Turbines

Offshore Onshore
Substation Substation

I“ I Landfall —
el

e

i I I Underground Cables

TPA
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Array Cable Key Suppliers

®m Prysmian
VAR
w JDR
Ningbo
m Nexans
m Hengtong
M Hellenic
m Others
Typical 66 kV cable design for offshare wind
Conductor Copper or luminum canductars langitudinally water blocked
Conductorscreen Extruded semi conductive compound
Insulation EFR
Insulation screen Extruded semi conductive compound
Screen Individual Cu-tape screen on each phase
Flbre optic unit Up to 3 FO units with metal tube
Layup Three power cores [3id up with extruded fillers
Armour Bedding Palypropylene yarns
Armourlng One layer of galvanized steel wires, flushed with bitumen
QOuter protection Palypropylena yarns in customisable colours
231

Inter-array Cables Export Cables

Export Cable Key Suppliers

m NKT

M Prysmian
1 ZTT

Nexans

E Ningbo

= Hengtong

m LS Cable

H Others

Conductor

Metal sheath

Inner plastic sheath ___ _— Conductor shield

Insulation
Profiles
@ S
\ PRy, il o
> Insulation shield Sviang VATTENFA
- Thanet Offshore Wind Fa™
Armour 132 yomarine Export CatI, co

XLPE 3x1000 mi”
UK - 2010

/ ~ \ 0 .\ e
/
Outer sheath (Polypropylene yarn) Optical fiber LARTRONN L AL

0,
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Electric cables installations

Array cables scope includes :
- Pulling on unmaned platforms
- Laying/trenching

Export cable scope includes :

- Shore approach

- Laying/Trenching

- Shallow water laying/trenching

Pipeline and utility Schéma d'ensouillage de
line to pl?tform

Drill
HDD exit point | Platform
1 1

T e

Source : RTE Source : Boskalis Offshore

232 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore substation supply

HVAC (L<100km) : Small
2,000tons jacket/topsides

in UK, France, Denmark...

Image courtesy of Siemens. Al rights reserved.

TPA
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Onshore
Substation

Landfall | —

Inter-array Cables

Underground Cables

Export Cables

HVDC (>100km) - Large
20,000tons platform/hub in
Germany

Offshore
Substation

| Landfall

Undergr
A
g Brealc even point
g
50-90km

Length

HVAC HVDC

233

g

%z
?‘ =

s

\
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Offshore substation installation

All solutions have been used for large

For small substation platform :
P substation platform installation offshore :

conventionnal installation method of the

Oil & Gas industry is used. - Floatover

- Lifting

- Towing

- Jacking up...

1. When the transport barge carrying the top and bottom
sections of the first jacket arrives, it will park alongside a
massive marine crane barge.

»

The crane lifts the bottom section up about 10 feet
while the transport barge backs out from beneath it

so the jacket can be lowered to the sea floor.
Pneumatic

hammer

W

The crane then turns
and picks up the first
piling from the

transport barge.

Top section

Pilings

Transport barge g Crane barge

4. The pilings are long, reinforced steel tubes
that are inserted into each of the jacket’s
four legs. They are welded together and

hammered deep into the sea bed like nails.

Once the jacket is secured, the pilings will

be cut off flush at the top.

. Finally, the crane lifts the top section of the

jacket, or the deck, and places it on top of sadimant
the bottom section. The two structures are
welded together forming a solid founda-
tion for the wind turbine.
SOURCE: Deepwater Wind PROVIDENCE JOURNAL GRAPHIC / TOM MURPHY

TPA 234 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore Wind Key Facts

23 GW in operation at the end
1st offshore wind turbine of 2018 (80% in Europe)
installed in 1991 in

Denmark

0.3% ofthe
electricity produced

in the world in 2018

/

The potential to - — An electric RE with a
become a pillar of s high load factor of [40-
future electrical 50% which provides a
power generation rather unique service
(« variable
baseload »)

Typical project schedule:
Outlook in 2030: =~ 5 years of development
200 GW installed =~ 2 years of construction
LCOE [40-90 $/MWh] =~ 30 years of operation

=~ 2 years of decommissioning

Sharing Experience '
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O.W.F. (Offshore Wind Farm) : the concept

Onshore concept

TPA

Sharing Experience

Turbines are often placed in groups in
areas with optimal wind speeds.

Most are stationary or fixed to a location
in shallow water, but floating turbines
could be used in deep water and hauled
into port during hurricanes.

TYPES
OF WIND
TURBINES:

Energy captured by turbines is
transmitted by cables to
substations. Abandoned oil
platforms could be repurposed and
outfitted as offshore substations.

Electricity flows to an
onshore substation
linked to the power grid.

Power grid

Floating

Offsho -~
Shallow water 64 GW offshore
= End 2022
R A Bottom Fixed  99,8%
. T Floating 0,2%
Bottom-Fixed R
gAnsitional water B
7 Staff graphic by DAN SWENSON
Deep water T . Source: Bureau of Ocean Energy Management

236
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Numerous reasons to go offshore

Distribution of total 1y . i
offshore wind 70 - 80% I
potential by . F';’at";g |
>60m dept
technology? ¢ pth) JI
I [ ( -~ ( f I
i 50— 907y [
- = 71*' r~ t)
Wind capacity 5 — 50Y% :
2). =3 )
factor?): 230 — 44 0% |
|
DRSHOTE! Offshore floating
Easier major Quayside turbine
maintenance integration
Further offshore Suitability for all
and fewer impacts soil conditions
1) Estimated global distribution of potential by offshore wind technology based on geospatial analysis undertaken by EIA and the Imperial College London; 2) Capacity factor project dependent )\
Source: |[EA (2019) Offshore Wind Outlook 2019; Wood Mackenzie Power & Renewables: The Momentum of Floating Wind and its Outlook Implications (Dec 19); Fortune Business Insights BW l d e 0 l

237 TPA Toolbox Energy Book 7 — Renewables ‘9@
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O.W.F. trends : Further, Deeper & Larger

OFFSHORE WIND FARMS TRENDS Offshore wind farm in 2013
Distance 120 1~ || FURTHER
to shore | > Trend toward building wind Distance to shore : 100 km
[km] a4 farms further from shore Water debth : 50
i ® ..’ > Environmental laws (GER) ater _ep : m
&0 T C and limited space close to Farm size : 340 MW
@ shore are a driver for : - .
60 | ke s Sty See reater distance Wind turbine power : 7MW
[ ] ; Pl : :
2 A A ST L S B B > Greater distance to shore
i - -t.: , ‘-“.‘: _» | R Water :'tsgﬁgy leads to deeper water . .
e s - depth ) > Deeper water requires new Offshore wind farm in 2022
10 20 30 40 50 [m] foundation solutions
@ In operation Under construction @ Approved LARGER Distance to shore : 150 km
Average > Larger wind farms allow Water depth : 70 m
fam sie - %— 200 340 + Horage sre of s | | Farm size : 1,200 MW
200 projects is at 340 MW Wind turbine power : 14MW
Source: Roland Berger Wind Study 2013 238
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Bottom Fixed Offshore Wind : the concept

e ——

Bottom-Fixed for water depth below 60m

Monopiles

Jackets

Tripod

Sharing Experience



F.O.W.F. (Floating Offshore Wind Farm) : the concept

Floating for water depth above 60m

TLP(Tension Leg Platform)

SPAR

Semi Submersible

TP A 240 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Bottom Fixed Offshore Wind : a mature industry

1981

Beetle
Vindeby 4m

2022

First offshore wind farm in the world The world’s largest offshore wind
& farm once constructed
T M,
i -
=K
(1980) (1991) (2014) (:2020)
1 m - 30 kW 35 m - 450 kKW | e 200 m - 12 MW
H *—* i \ 0 ) *
Turbine capacity: 0.45 MW
Nr. of turbines 11 > > - [} USS Nimits
Rotor diameter 35m m
Distance to shore 1.8 km

Sharing Experience '
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F.O.W.F. : new industry on path to commercialization

Proof of Concept Phase

2009 to 2016 Proof of Concept

Prototypes Ranging from 2 - 7 MW
Research Funded

oto credlts NRE
Scotland 30 MW 5

Turbines @yvind Gravas /

Woldcam - Statoil ASA |
(right)

Equinor Peterhead,

Pre-commercial Phase

2017 to 2023 .

Multi-turbine commercial machines Pre-commercial

12 — 50 MW - financed with subsidies
14 projects totaling 229-MW

PPI 25-MW Windfloat
Atlantic (left)

Utility-scale Floating Arrays
2024 and beyond

400-MW+ Capacity Commercial

Competitive with Market Conditions

TPA 242 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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100+ concepts in development towards commercialization!!!

TLP
WindSub
FOWTLP
Gazelle
Modec TLP
SOF
Hywind
Crown

Damping Pool
CEI A Swach
Triwind

Sath

Twin Wind
Ne:

aligning z_zvz =

Eolink semi-sub

platforms
PivotBuoy
W2Power

(.11, | IO Tetraspar
L2411 3 Hexafloat

WindFloat
ocG

XCF
0O0-Star
Nautilus semi-sub
Tetrasub
Trifloater
Brunel
T-Floater
w.semi
NereWind

Self-

Technology

Designer

Principle Power
Ocergy

Mareal - Eiffage
Olav Olsen
Nautilus - 57
Stiesdal
NOV-Gusto
Fred Olsen
Bassoe - CIMC Raffles
Wison

DORIS

SBM

Marine Power Systems
Bluewater
Gazelle

Modec

GICON

Equinor
Seaplace

Ideol

Sevan

Beridi

Saitec

Hexicon
EnBW-Aeradyn
Eolink

X1 Wind
Enerocean
Stiesdal

Saipem

Steel
Steel
Concrete
Concrete
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Both versions
Concrete
Both versions
Concrete
Concrete
Concrete
Steel
Steel
Steel
Steel
Steel
Steel
Steel

Source: The Carbon Trust, Shell analysis

TPA
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Technology readiness level (TRL)

1 2 3 4 H 6 7 ] ]
Initial Proof of | Numerical | Tank Scaled 1-5MW | >5MW | Pilot (20- |Commercial
concept | concept | modelling | testing testing demo demo 50MW) project
(<1MW) (>50MW)

2018

N
S
oo

3 [X]
(=3 =]
N

202

b=
=
~
S
=
[

Most active concepts, non-exhaustive

243
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Various basic concepts

General Floater

Archetype (15 — 20 MW) Barge Spar Semi-Submersible TLP

Quter Box Dimensions L: 55-65 m, B: 55-65 m | @: 20-25 m L: 70-90 m, B: 80-100 m L: 70-90 m, B: 80-100 m
(L x B x H; excl. TP) H: 15-20 m H: 100-140 m H: 35-40 m H: 35-55 m

Operational Draft 10-15m 85-120 m 20-30m 20-40 m

Port Assembly Draft

(with tower & WTG) 5-10m 85-120m 5-20m 5-10m

TP A 244 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Proof of concept : Equinor Hywind demo project

Concept : SPAR
Developer : Equinor
Size : 2.3 MW Siemens
WD : 200 m

Operations : since 2009
Status : operational

TPA 205

@yvind Hagen/Statoil

0,
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. Power generation: 6 GWhin 2019

Proof of concept : BW Ideol Floatgen demo project

Concept : Barge damping pool
Developer : Ideol
Size : 2 MW Vestas
WD : 33m
Operations : since 2017
Status : operational
FLOATGEN, 15t Floating wind demonstrator in France, installed in 2018

. Objective: to validate the performance of the combination of a wind turbine and a

floating foundation S ,
Capacity: 2 MW (Vestas V-80) [ rraunhoter .
Installation location: Le Croisic FI NATREM St
Water depth: 33 m zqbala RSK [i== ideol

« 3 years + test

« Connected to the grid

 New concept : damping pool

* Floater in concrete / turbine support in steel
» Operational since 11/2017

TPA

Sharing Experience

_____________________________________________________________

a

Premieére éolienne flottante installée en France

: _Pales:40métres
Installée pour
une expérimentation

de 2 ans
Puissance : 2 MW

12 milles nautiques-du rivage
(22 kilométres) :

Systéme monté a quai

puis remorqué au large “Hauteur : 60 métres

en béton armé

Amortissement de la houle
par la forme du flotteur

Congu pour résister
a des vagues
@ de 16 métres max

33 métres
de fond

Systeme d’ancrage
aufond deda mer

©AHP  sources : Floatgen, géoportail

0,
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Pre-commercial : 2 proven concepts in operations

)
equinor %~

Hywind Scotland - The World first floating wind farm

Installed capacity of park e h
30MW R \
Whichis enuugh o power I i

20 000 nomes

25km cable to shore
K ~—
Peterhead TTTT ¢ \,/
e

Big Ben

| \ | Water depth
s Iy \ | 95m-120m
Peterhead A \
<
Scotland \
. @ Tubine — Mooringline D : [] i D
@ Anchor Electrical line

L
=" statoil

Hywind + Designed spar type

Demo Hywind floating platform

(2.3MW) with patented active
motion controller
technology

Hywind + Designed spar type

Scotland Hywind floating platform

(30MwW) for larger turbine rating

of 6MW

TPA
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Windfloat *+ Designed Windfloat

demo platform 2MW turbine
(2MW)

Windfloat * Designing Windfloat
Atlantic platform for larger
(25MW) turbine rating of 8MW

TPA Toolbox Energy Book 7 — Renewables ‘9@
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Pre-commercial : Equinor Hywind Tampen

»

Hywind Tampen Decarbonising O&G
The world's first floating offshore wind farm to supply platforms

renewable power to offshore oil and gas installations. Water Depth =260/300m
« 11 wind turbines \ 11WTG X 8MW

- Combined capacity of 88MW S /_ 1 Flom 550 M$ CAPEX

v

Operational 2022

« Concrete substructuresand

~

shared anchors — 3
+ 200.000 tons/ year CO2 ' S
emission reduction /‘r-' N, — . od“
Mongst fe)
Sture @
. Kollsnes @
AN A

"D

;
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Commercial : floating array market

Key regions

Norway

Two areas open for
development: Utsira Nord
(floating) and Serlige Nordsje ||
(fixed bottom); combined
potential capacity of 4.5 GW.
Lease competitions expected
to start in 2022

Government ambition to
have offshore wind farms in
operation before 2030

New areas for offshore wind
are being explored

Sweden

« Offshore wind market
expected to grow as the
country plans to boost

renewable energy generation

and reach net zero
greenhouse gas emissions
by 2045

Government announced

in October 2021 a plan to
expand the grid network to
offshore wind areas

EHS= usa

* Government ambition to reduce
emissions 50-52% by 2030

National goal of 30 GW of
offshore wind by 2030, much of
it expected to be floating

California and Oregon hold
promising opportunities for
floating wind development; both
states have approved legislation
for the build-out of multiple
GWs of offshore wind

TPA
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* Scotwind leasing auction
resulted in 17 new sites for
development of nearly 25
GW, with 60% of estimated
capacity coming from
floating wind

+ Scotland’s Innovation and
Targeted Oil & Gas (INTOG)
offshore wind lease auction
to be launched in 2022 for
offshore wind projects to
power oil & gas platforms in
the North Sea

* National goal of zero
emissions by 2050; strong
focus on offshore wind

* Ambitions to expand
offshore wind capacity to
10 GW by 2030 and 30-45
GW by 2040

* Project areas will be put
to auction for interested
companies to submit
proposals

O South Korea

* Target of 20% renewable
power generation by 2030

« Offshore wind target of 12
GW by 2030

Source Aker Offshore Wind

15GW of OWF floating awarded in 1/2022

10 A™E o
1 BP Alternative Energy Investments o 2
2 SSE Renewables 16
3 Falck Renewables
4 Shell New Energies
5 Vattenfall
6 DEME
7 DEME
8 Falck Renewables
9 Ocean Winds
10 Falck Renewables
11 Scottish Power Renewables

12 Bay\Wa
hd Power

Key prospects puwe 17

16 Northland Power
17 Scottish Power Renewables

5 GW of OWF floating with COD scheduled in 2026
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Wind offshore — New ideas.....

O
b

TPA Toolbox Energy Book 7 — Renewables ‘_@
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Source: Wind Catching Systems (Norway)
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The Wind Energy Programme & PPE in France
See also Book 2 Energy — Chapter 5

TPA 251 TPA Toolbox Energy Book 7 — Renewables {9@
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SYNTHESE

STRATEGIE FRANCAISE POUR
LENERGIE ET LE CLIMAT

PROGRAMMATION
PLURIANNUELLE DE UCENERGIE

..........................................................................................

o -
.
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Reminder PPE : Ceiling Prices for future Call for
Tenders Prices are declining

Date
d’atiribution 2019 2020 2021 2022 2023 >2024
de’'AO
250 MW 2x 250 MW

Eolien flottant Bretagne Sud | Méditerranée 1000 MW par an, pose
(120 EMWh) | (110 €MWh) et/ou flottant, selon les
prix et le gisement, avec

600 MW 100 MW 500— 1 000 MW des tanfs cibles

Eolien posé | Dunkergue Li‘:";iii:; Sud-Atlantique** éjiﬂ;ﬁj mm-'ergean_I vers les prri};

45emmn) | o (60 €/MWh) - de marché sur le posé

(60 €M) *

* Pour ce projet, la date de 2020 est [a date de lancement de la procédre de mise en concurrence.
**Dans ce cadre, un projet éolien en mer au laree d’Oléron pourrait étre attribué.

Les dates indiquées sont les dates awrquelles un lauréat sera sélectionné, en fin de procédure de dialogue concurrentiel ;

les prix indiqués sont les prix cibles des appels d'offres sur la base desquels seront fixés les prix plafonds des appels
d 'offres. Les projets attribués a parfir de 2024 portent notamment sur des extensions des pares éoliens en mer précédents,
avec un raccordement mutualisé.

Source: Ministére,de la Transition Ecologique et Solidaire
Eolien en mer et Energies renouvelables électriques — Aot 20221 3

TPA 5 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore wind projects status in France (end 2022)

Réseaux électriques existants H Eolien posé AO1 et AO2

. (mise en service a I'horizon 2025)
Lignes 225kV
B Eolien posé AO3
@ =8 (mise en service & I'harizon 2027)

Lignes 400kV

Eolien posé AD4
{mise en service a I'horizon 2030)

Etapes du projet

LR i+
% Débat public ou concertation

-]
o
U Mise en concurrence

Eolien flottant AOS
{mise en service a I'horizon 2030)

i=]

Eolien flottant AO6
{mise en service & 'horizon 2030)

E Eolien posé AO7
(mise en service a I'horizon 2030)

X

(8 En développement

% Obtention des autorisations

E Eolien posé AO8

. EniEEnm (mise en service a I'horizon 2031)

@ Eolien flottant (pilote)

¥ Enservice

« PRODUCING :
+ 1 floating proof of concept project (IDEOL 12/2017)
* 1 bottom fixed commercial project (Saint-Nazaire
12/2022)
« UNDER CONSTRUCTION :
> 6 bottom fixed commercial projects
> 3 floating pre commercial projects
- UNDER TENDER:

> 3 bottom fixed commercial projects
> 2 floating commercial projects

TPA
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Dunk?rque =)

Dieppe
Le Tréport
g 500 M IS

Qg‘z Centre Manche[l
1GW Fécamp

mCentre Manche 2 Y 500 MW e

jusqu’a environ 1,5 GW

Courseulles
-sur-mer &

Saint-Brieuc 450 MW

500 MW
a8

Groix - Belle-lle
28 MW

ﬁ" Sud Bretagne
250 MW/

‘ J Saint-Nazaire
480 MW

%Yeu-Noirmoutier A
500 MW

ﬁﬁ” Sud-Atlantique jlf
=5 1 Gw i

Gruissan

30 MW@
Faraman ;
@ @ Port-Saint-Louis-du-Rhdne

e Méditerranée 25 MW
2 fois 250 MW 40

Leucate ! "m

Le Barcarés

30 MW

0,
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AO1-AO3 : 6 bottom-fixed commercial projects under construction

Eolien posé AO1 et AO2
{mise en service & l'horizon 2025)

Eolien posé AQO3
{mise en service a I'horizon 2027)

f Fécamp s o . Parc éoli et Date.prévisionn‘elle
71 éoliennes - 497 MW ”::ent - W ENBRIDGE ?:g:::c:e ’::'C‘wa U INNOogy arc eolien at actue g e vy
SIEMENS Gamesa SWT-7.0-154 ' e 1 Banc de Guérande — )
" iy : ; | ENBRIDGE
g:z?lieeur::\?s-fu;‘t::/{w ; e Projet autorisé, chantier en cours SIEMENS Gamesa LD:::: g:?rlizgs:::r:scours Saint-Nazaire Travaux Fin 2022
SWT-7.0-154 . . I Mise en service prévue en 2023 Baie de Saint-Brieuc Travaux Fin 2023
Projet autorisé, chantier en cours -‘%P.', s /l\/‘ Hautes falaises - Fécamp Travaux Fin 2023
Mise en service prévue en 2024 -
galvados Travaux 2024
p : SIEMENS Gamesa . ourseulles-sur-mer
Saint-Brieuc . g Di Le Tré Dével 2026
SG8.0-167 DD - : SIEMENS Gamesa S ieppe - Le Tréport éveloppement
"t O . i Le Tréport T
62 éoliennes - 496 MW Sr— Disppe- . . Les deux lles - Yeu - .
Projet autorisé, chantier en cours 5 2(2: ?'2_’1 6; D? o Sumitomo Corporation Noirmoutier Développement 2026
Mise en service prévue en 2023 n y sonenpes- ; : :
\ Projet autorisé Etudes et préparation du dossier
. : : ) ow Dunkerque d A L 2027
L e demande d'autorisations
Saint-Nazaire e % : 3 T—
Haliade 150 - 6 MW P : T \
80 éoliennes - 480 MW DY enoumelobies 1 5 7
Projet autorisé, chantier en cours : ) o .
Mise en service prévue fin 2022 3 : , i s VSO
o y \ 3,5GwW
» 11 ’
. : SIEMENS Games A 40 milliards d’euros 0 .

Yeu-Noirmoutier P e ol .
62 éoliennes - 496 MW ™ 4 & . ’
Projet autorisé ow e prochaines années

~ . < -

Sources : Etude FEE, Observatoire des énergies de la mer 2022

TPA 255 TPA Toolbox Energy Book 7 — Renewables {9@
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5 ongoing tenders : Appel d’offres (AO4 to AO8) as of 4/2023

Technology Capacity Location AO4 : award to EDF (4/2023)
AOS Floating 250 MW South Brittany ~'~eD|: A wanie L =
AO6 Floating 2 x 250 MW Mediterranean sea - o b
AO7  Bottom fixed 50031000 MW South Atlantic ddseroros varreneaLL @ ] M
AO8 Bottom fixed 1000 MW To be confirmed . ﬁ -
. (” —— eni éﬁCiO - BayWare. RWE
.yt . g
Competitive landscape fixed AO6 R | C

1. BlueFloat Energy, Sumitomo Corporation & Akuo

Energy o -

2. Eolienne Occitanie Grand Large & Eolienne Competltlve Iandscape flxed A08
I\:'Iédli;:erranée Grand Large (EDF+Maple Power+BW. » Alliance formée par , Skyborn Renewables et la Banque des Territoires
Ideol

3. BayWar.e. & Elicio » Groupement Eoliennes en Mer du Suroit (EDF Renouvelables et Maple Power)

4. Océole + Qenergy + Equinor + green Giraffe

5. |berdola » Ocean Winds

6. OceanWinds associé a la Banque des Territoires . . . .

7 RWE-BOURBON = Groupement Cotentin Energies Marines (TotalEnergies et RWE)

8. Les Moulins du leonis (Shel+ENBW) .

9. Archipel Energie Marine (Qair+TotalEnergiesCorio
Generation) s Groupement Energies du Méridien (Corio Generation et Qair Eolien Posé Manche)

10. WPD now Skyborn Renewables o

11. Vattenfall » Eni Plenitude

12. Cobra Instalaciones y Servicios S.A.

TPA 256 TPA Toolbox Energy Book 7 — Renewables {9@
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1 proof of concept project in ops — 3 pre-commercial projects

under construction

Premiére éolienne flottante installée en Fran7

stene d'ancrage
de fond aufond dea mer.

Proof of concept
(Installed Q4 2017)

| FLOATGEN, 1% Floating wind demonstrator in France, installed in 2018

| Objective: to validate the performance of the combination of a wind turbine and a
| floating foundation

| Capacity: 2 MW (Vestas V-80) @

=2 Fraunhofaer
s

Pre-commercial

(to be Installed in 2023/2024)

Groix-Belle fle -
Floatgen =

Eolmed « . Provence Grand Large

EFGL

Semi-submersible

(ancrage caténaire)

Barge TLP

(ancrage tendu)

(ancrage caténaire)

| Installation location: Le Croisic i AATREN
| Water depth: 33 m @zabala RSK -
| Power generation: 6 GWhin 2019 i RSK l:‘ ideol i

TPA
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« Concept/Developper : initially 4 &
now 3 after Shell decision to
withdraw from Groix- Belle lle
project

« CAPEX : 200M€

 Size:30MW

 WD:70-100m

« Operations : starting 2022/23

« Status : under construction

257

Project

Provence Grand
Large

Groix-Belle ile

Eolmed

EFGL (Floating
Offshore of
GolFe du Lion)

Characteristics Industrial partners

3 turbines — 24 MW

L]
LTeoF smll  siEMENs Gamesa

oF FFHORE

wruc)con @vma s Qs ANV E
Qair ideot MWV
Y n I

3 turbines - 28.5 MW

3 turbines — 30 MW

3 turbines — 30 MW Sarracy /1N

TPA Toolbox Energy Book 7 — Renewables {9@
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Offshore wind farms status early 2022

Parc Puissance (MW)  Ftat  Débutdestravaux Mise enservice Fondation Nombre déoliennes  Distance des cotes (km)  Superficie (km?)
Dunkerque &00 Attente 2025 2027 Monopieu 46 10 50
Dieppe - Le Tréport 496k Attente 2024 2026 Jacket 62 15,5 110
Centre Manche | 1000 Projet Inconnu 2028 Posé Inconnu 32 300
Centre Manche Il 1500 Projet Inconnu 203 Pose 75a125 45 2203250
Fécamp 498 Chantier 2020 2023 Gravitaire | 13 &0
Calvados 450 Chantier 201 2024 Monopieu B4 10 54
Saint-Brieuc 496 Chantier 201 2023 Jacket 62 16,3 75
Groix - Belle-ile (pilote) 28 Projet 2019 2022 Flottant 3 13 14
Bretagne Sud 250 Projet Inconnu 2029 Flottant Inconnu Inconnu 50
Bretagne Sud (extension) 500 Projet Inconnu Inconnu Flottant Inconnu Inconnu Inconnu
Saint Nazaire 430 Chantier 2019 2022 Monopieu 80 12 78
Yeu - Noirmoutier 495 Attente Inconnu 2025 Monopieu 62 17 83
Sud Atlantique 500 a 1000 Projet 2025 2030 Pose 33366 10a 30 602180
Sud Atlantique (extension) 1000 Projet Inconnu Inconnu Posé Inconnu Inconnu Inconnu
Gruissan (pilote) 30 Attente 2022 2023 Flottant 3 18 815
Leucate (pilote) 30 Attente 2022 2023 Flottant 3 16 6,17
Faraman (pilote) 25 Attente 2022 2023 Flottant 3 17 0,78
Méditerranée | 250 Prajet 2027 2029 Flottamt 20 Inconnu 100 & 200
Méditerranée | (extension) 500 Projet Inconnu Inconnu Flottant Inconnu Inconnu Inconnu
Méditerranée | 250 Projet 2027 2029 Flottant 20 Inconnu 100 & 200
Mediterranée |l (extension) 500 Projet Inconnu Inconnu Flottant Inconnu Inconnu Inconnu

TP A Source: Révolution énergétique — janvier 2022 258 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Offshore wind farms status : target for COD

TPA

Le Croisic
Saint-Nazaire
Fécamp
Saint-Brieuc
Couseulles
Tréport
Noirmoutier
Dunkerque
Provence GL
Eolmed
Golfe du Lion

Groix

480
498
496
450
496
496
496
24
30
24
24

Floating
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Floating

Floating

Floating

Floating

2018
2022
2023
2023
2023
2024
2025
2026
2022
2023
2023
2022

= T
() Dunkerque \/\

L'éolien offshore

600 /
¢
en France | pond O i
Centre Manche1 DIe‘PPe-
1000 ) N Ote réport 500 ALLEMAGNE
Centre Manche 3\_ | Fécamp 500
1500 eRouen
Courseulles-
Saint-Brieuc
500 sur-Mer 450 P /v
Strasbourge/
eRennes L/
Bsr‘w‘e‘{:ge;: Saint-Nazaire o s { c
250 () S
250 () L:"’"{
4 "
eNantes eDijon
OCEAN N/ l:segod'Yeu et de Noirmoutier SUISSE
ATLANTIQUE
. FRANCE 2
Sud Atlantique \,/ : \\’
1000 . Lyong
Puissance du parc éolien RE Lo =
(en mégawatt
1500
O ,
e Toulouse
Statut du parc (en mars 2023) el
‘ enservice O en construction en projet ) i Mer
- o
St & L@ @) Méditerranée Méditerranée
100 km JEVONE 250 pour deux sites

Infographie LE WIGARO
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3 main manufacturing sites in France

Installation / Im) X

quays RoRo ramp
g:, - T o — " “ sy
e Sy ==y
S ’
/ — 4- - S §o ~ )_
== 5 Lo
: - v / 7 =~
= - P Secondary building -
< >4
¥ o
- <
e A
: .. £,
b <o
Maln bullding ! o
o =
’ = - I "
© Siemens Gamesa Renewable Energy S A SIEMENS de(’Sd

Blades and turbines factory - Le Havre — Siemens Gamesa Renewable Energy

Blade’s factory — Cherbourg — LM Wind Power
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Harbours development

| —

Ry
q ' q DUNKERQUE

* Un Grand Ouest avec . )
une offre structurée | < ——
en réseau pour - ——
répondre aux enjeux TERMINAL EMR BREST i
indUStrieIs et : :g(:‘:n quai charge lourde
portuaires pour +  Compétences Navale
I"éolien flottant

CALVADOS ¢
v
| b |

450
Mw

‘-
il |
|
AREA FOR FLOATING wo B
WIND to be further MW

investigeted AN amieuc NANTES ST.NAZAIRE
- o alnt Wrioue Y ¥ Grand Port Maritime

o * 12 ha Hub d’assemblage a St.Nazaire
Usines Chantiers de I’Atlantique, GE

\ v o e wiliin ‘.- . ﬁ.
o | "l"j & ' v
FLOATING WIND 5 .* =

GROIX BELLESILE ' “Ww

o AN
50 l ’
30 MW FoR FLOATING |/ 1% 1

LORIENT WIND call for tender 2021

- . 190 8
Terre-pleins pour le stockage et la BAINTSRAZAIRE ’l | !]

maintenance d’équipements UE and NOIRMOUTIER 406~
. & Xaiiz 1SLANDS W
Offre de service diversifiée
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Wind Offshore overview France

Des éoliennes de plus en plus grandes mais des fournisseurs a la peine

= e we
o3

=

Hauteur du
mat.;36m

¥ Diamétre 1 36m

-
et
s

Colt de I'dlectricité selon la source e

d'énergie, on dollars, par mégawattheurs (MW) Une seule rotation d’une i o
éolienne de 8 mégawatts \ :
Solaire 248 permet de fournir une " i
{ , — maison en électricité 5 = 4 |
% 162 180 \ pendant 24 heures, .g Elé, :’!‘L :
Do . ! SERRRRRENN|
s \ A iy |
terrestre 108 {/ T~ feERRERRERY|
Nucléaire 96 g ' ~ g ji RERR :
& W AR |

_ :-I

2010 2023 =l :
| I
| | |
| |
f ] |
' !
Evolutlondestubhe; i :
d'éolien offshore* i :
|
|
|
|
|
|
|
|
i
i
|
|
i
R}

NN 0 N O Y A N O AT U A N 0 O IS T M
U WG R ISV 0SS S [N G W N b D e Y

* Les dimensions exactes peuvent varier en fonction des fabricants.
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Wind Energy, the approach of
TotalEnergies

TPA 263 TPA Toolbox Energy Book 7 — Renewables {9@
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2003 Mardyck: a demonstration project,
located close to a Total refinery

Y "‘l“|$\ll"l\\‘|‘l’

|0l
/ /le Grand

Qemhuuvu de APredembour

v

I
»\‘ i ‘I\‘ou i \l‘
dR

i
“# 4"\u4"‘f‘|

TPA
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¢ 5 multi-megawatt wind turbines

from 3 Manufacturers

¢ 12 MW installed capacity,

which represents the domestic

consumption of 15.000 people
¢ aland leased for 25 years

¢ commissionned in November

2003

Manufacturer GE WIND NORDEX VESTAS
Nb 1 Prototype 2 2
Country Germany Denmark Denmark
Type GE Wind 3.2 N80 V80
Nominal Power 3 000 kW 2 500 kW 2 000 kW
Certification Class 2 Class 2 Class 2
Rotor axis Horizontal Horizontal Horizontal
Yaw Upwind Upwind Upwind
Tower height 95 m 80m 80m
Rotor diameter (3 blades) 104 m 80m 80m
Rotor speed (rpm) Variable, Variable, Variable,
7,5t013,5 10 to 19 10 to 19
Nominal wind speed 13 m/s 14 m/s 14 m/s
Startup wind speed 4 m/s 4 m/s 4 m/s
Shutdown wind speed 25 m/s 25 m/s 25 m/s

Equipment Control

Pitch control

Pitch control

Pitch control

264
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2017 Acquisition of EREN by Total

Total partners with EREN Renewable Energy
to expand Its Renewable Business

Transaction Value = 237,5 M€
23% of EREN RE
EREN RE Activity:
Renewable Electricity Production:
Wind Energy, Solar Energy, Hydroelectricity

265 TPA Toolbox Energy Book 7 — Renewables F@
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2019 TotalEnergies entering the Wind market

TOTAL INTEGRATES CLIMATE
CHALLENGES IN ITS STRATEGY Orsted " ;‘;ﬁgf‘nﬁ; leadership

= ExpansionintheUSAand Asia

: RWE = 2ndworldwide operator after

0 Asset Exchanges
Expand our Develop a @€-0n | . Globalexpansion
presence H - :
across the profitable low = Focusing on Northem Europe

. carbon . VATTENFALL o2  and France :

entire natural electricity =~ = Presentondownstream
gas chain business et e85 5855558 B SEP

r" @sse €nBUJ'\§

N
IBERDROLA P

%~ €DF CNGIC

Focus on low- Invest in ] = Focusing on offshore wind energy

breakeven Oil carbon equinor = Leaderon the floating subsector

projects neutrality @ * Integration in the electricity
businesses value chain

e
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TotalEnergies Energy Outlook 2022

Power generation, excluding power for Green H, (Momentum)

TWh
60 000
Other renewables
two scenarios: B Bioenergy*
Hydro
Nuclear
MOMENTUM 30 000
Solar & Wind
Based on current cars
trends
Natural gas
oil
Coal
RUPTURE 2019 2030 2050
Requires disruptive
technological or » Power demand and generation almost doubling by 2050 (+2% p.a.), with
regulatory changes wind & solar representing ~90% of new generation

» Huge decrease of coal-fired generation, complete phase-out in NZ countries

« Despite strong gas-to-REN switch, gas grows in absolute terms to manage
variability of solar & wind and demand seasonality

* Renewed investment in nuclear

Source : TotalEnergies Energy Outlook Scenarios 2022

TPA
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Power capacities, excluding for Green H, (Momentum)

GwW
8000

Solar
6000
4000 Wind

° ° °
2000 L] °
® Coal
2000 2010 2020 2030 2040 2050

+ Solar & wind capacities multiplied by ~7 in 30 years, representing

60% of all power capacities in 2050

» Coal capacities starting to decrease in the late 20's

+ Average power emission factor reduced by ~75% by 2050 (net of

ccs)

0,

TPA Toolbox Energy Book 7 — Renewables (@
b



2025 Objective : 35 GW gross capacity installed

CAAY

Sharing Experience

Q S
899 ° <

Q Q OBJECTIVE
F® o  35GW

\ VIS i
¢ ¢ Q CAPACITY BY

& 2025 100
9 s

35,0
30,0
25,0
20,0
15,0
10,0

5,0

0,0
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35

w
2
—
° [ ] =
. - Objective
In operation In Pipeline BD
July 2020 Construction for 2025 2025

0,
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of 2022)

TotalEnergies overall OWF(Offshore Wind Farm) portfolio (end

Fixed bottom offshore Floating offshore
wind farm wind farm

N/
iy

|._>..

N Y]
N

o
i ‘.'

West of Orkney Windfarm (January 2021)

Offshore the Orkney Islands, Scotland (United Kingdom)
2 GW™ production capacity

Joint-venture with Corio and RIDG

Seagreen (June 2020)

Offshore Scotland (United Kingdom)
1.5 GW™ potential production capacity
In partnership with SSE Renewables

Outer Downsing Offshore Wind (February 2021)
Offshore East Anglia (United Kingdom)

1.5 GW™ production capacity

Joint-venture with Corio

(March 2020)
In the Celtic Sea, Wales (United Kingdom)
400 MW®™ potential production capacity
In partnership with Simply Blue Energy

(October 2020)
Offshore Port-la-Nouvelle, Mediterranean Sea (France)
30 MW®™ production capacity
In partnership with Qair

(September 2020)
South Korea
Over 2 GW™ potential production capacity
In partnership with Corio

Yunlin (April 2021)

Offshore Taiwan

640 MW®™ potential production capacity

In partnership with Skyborne, EGCO and Sojitz consortium

Source : TotalEnergies Shareholders’ Newsletter Fall 2022

TPA

Sharing Experience
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Key figures in US offshore wind:

* 30 GW: objective set by the Biden Administration of deployed offshore
wind capacity by 2030.

* 35 GW: deep offshore potential located off the coast (California, Oregon,
Hawaii, Gulf of Mexico and the East Coast) that could be developed by
2040.

in October 2021, the aim
being to develop floating offshore wind projects
In partnership with Simply Blue Energy

New York Bight (February 2022)
Offshore New York and New Jersey

Over 3 GW™ potential production capacity
In partnership with EnBW®

Carolina Long Bay (May 2022)
Offshore North Carolina
+ 1 GW™ production capacity

O
b



Ongoing Offshore Wind Project with TotalEnergies partner

1.1 GW

Erebus (UK)

100 MW

Bada (South Korea)

>2 GW

TPA

Sharing Experience

Largest Scotland |

offshore wind
project

3.7 B$ project

Floating offshore

wind pilot

First commercial |
Floating offshore

wind

Large scale

Floating offshore

wind

51% Total / 49 % SSE

~ 70% gearing

>70% covered by PPA

20% Total / 70 % Qair

EPC tender in progress

80% Total / 20 % SBE

Design in progress

. 50% Total / 50 % Green

Iffestment Group
Korea

Feeding post 2025
growth

270
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SEAGREEN 1,1 GW Bottom-Fixed project

- JV : TotalEnergies (51%) — SSE (49%) Montrose

- Area: 2,865km2 Arbroath

Carnoustie
Dundee

Distance offshore : 27km-80km

- Water depth : 30m - 70m
Development capacity : 1,075MW
114 WTG

- Avoid 1.6 million tonnes of CO2 / year
COD : 2024

TP A 271 TPA Toolbox Energy Book 7 — Renewables ‘9@

Sharing Experience '



EOLMED 30 MW floating pre-commercial project

_EolVed

Ferme pilote EolMed
Implantation des éoliennes au sein de la zone de concession

TYPE DE FLOTTEUR
DIMENSIONS
DIMENSIONS DU DAMPING POOL

TIRANT D’'EAU
MATERIAU FLOTTEUR
PoiDs

Barge semi-submersible

Environ 43 m x 43 m et 16 m de hauteur

Environ 24,8 mx 24,8 m

Environ 12 m

Béton léger armé ou acier

Environ 10 000 t

TPA
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* & & o o

Qair (70%) - TotalEnergies (20%) - Public (10%)
18 km offshore Gruissan

WD = 62m

30 MW : 3 WTG 10MW Vestas

COD : 2024

0,
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EREBUS 100 MW floating commercial project

JV: TotalEnergies (80%) - Blue Gem Wind (20%)

The project will have a 96 megawatts capacity
and will be installed in an area with water depth
of 70 meters. This makes Total one of the first
movers in this technology in the UK, the
world’s largest offshore wind market.

7-10 platforms The project will cover Minimum operation
depending 0.14% of the Welsh Marine life of a floating
on turbine size Planning Area wind farm = 25 years
@
NX||=

Distance from shore = 45 km
significantly reducing visual and patential conflict with other marine users

Planned installation 2026-2027

TPA
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Ceitic Sheif
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Key Metrics Erebus

Tonnes of steel tonnes 24,089
Metres of array metres 35,900
cables

Mooring chain — 10,210
mass

Anchor Mass tonnes 540
Cran? capacity —— 700
required

Port-side

assembly time day 15

Up to 260 meters from \\ \

sea surface to blade tip

Capacity per turbine
up to 15 MW

} Rotor diamater

/ up to 220 meters
=Y

Tl ",‘ET
T S~ S
il il
Depth of water 'y
up to 75 meters 51
i =1
e)'g = D.DOD.
14

[
Chain and drag %
embedment 7, 66 kV submarine export cabl
anchors to avoid 1, up to 50 km in length
] pilling ‘;\‘1
] ]
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BADA GRAY WHALE 2 GW floating project (large scale commercial)

South Korea: > 2,000 MW

)
South Korea
Electricity Business Environmental Phase 1 Phase 1
License Impact Assessment Construction Start Construction End
o ® (J

2020 2022 1H 2023 2H 2025

e Gray Whale
3 x 500 MW Project Gray Whale is a greenfield 1.5GW floating OSW farm development across 3

blocks off the east of Ulsan coastline

Project Gray Whale Strategic locations
e Port Hamilton : o
Jindo e 420 MW : Newy Firing Robust wind condition
420 MW v Range
) Platforr Sufficient distance from
50% Total / 50% Macquarie Navy firing range 2
Exclusive rights to collect wind data ‘
Priority to secure lease SV cep I sanue
allowing for any types of

Target FID 2023 (500 MW) fomeriiuds buoy 3

Former waste dump into
green energy park 4
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2021-2022 OWF awards
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West Oakney Offshore Wind Farm 2 GW project (awd. 01/2021)

== F)pcralional
- Under construction

Consented

Offshore Wind Power

INDUS
STRAT

Planned/Scoping
ScotWind Round 1
=1 el e Green
Investment
Group
MM;QUA‘«E TotalEnergles

West of O;kney

E 0‘ Cluaran
150 > | )4

lg Pentland @
Beatrice
AMarramWind
Moray Eas
Moray West
C ampionWind

Hywind Scotland ll .
Aberdeen Bay (EOWDC)N 1
C' aaaaa Daas Ear

Ear-Thuath

B"

Site 13

Developer — GIG, RIDG and TotalEnergies
Name — West of Orkney

Capacity — 2,000MW

Area — 657km?

Depth — <60m

Type - Fixed

Substructure — Mono/Jackets?

Turbine Size — 20MW (100)

Flotta Hydrogen Hub - Hybrid grid/hydrogen project ‘

Kincardine B
\\"
Seagr vl
MachairWind 1ach Cape *l ‘ Vorven
uni 7
per
Robin Rig: (.) 40 GP 1?0 KM
Source : SCOTWIND 2022 276
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REPSOL
SINOPEC

P N
eMeCy:: DeepWind
North of Scotland Offshore Wind Cluster

-
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Outer Downsing Offshore Wind Farm 1,5 GW project (awd. 02/2021)

TPA

Sharing Experience

Newcastle
.
Whitehaven
5«
- y
’—.A Southport
4

1 : Rhyl
Holyhead

Offshore THE CROWN
[rz;:mg oy ESTATE

Round 4

Offshore Wind Leasing Round 4 projects

P RWE Renewables
[ 1500 MW capacity

B RWE Renewables
1500 MW capacity

D Green Investment Group - Total
1500 MW capacity

Consortium of EnBW and BP

T P 1500 MW capacity

Offshore Wind Limited, a Joint Venture between Cobra
Instalaciones y Servicios, S.A. and Flotation Energy plc
480 MW capacity

Grimbsy

Y Consortium of EnBW and BP
1500 MW capacity

R The four seabed Bidding Areas
Lowestoft

Dogger Bank South East

Eastern Regions Northern Wales & Irish Sea

Folkestone
.

Brighton

Territorial Waters Limit UK Continental Shelf

kilometres

277

Graphic by Grace Millman for Regen
Source: The Crown Estate

Q l(ll 0 Z(IJ 0 'j(IJ o] 4 {IJ 8]

Round 4 auction totals £879 million in annual option fees (AOF)

Developers pay high option fees to secure 8
GW of new leases, as big oil steps into UK
offshore wind market

Consortium of EnBW and BP
Capacity: 1,500 MW
AOF: £154,000/MW

Consortium of EnBW and BP
Capacity: 1,500 MW
AOF: £154,000/MW

Offshore Wind Limited
Capacity: 480 MW
AOF: £93,233/MW

No projects taken
forward in zone 3

TPA Toolbox Energy Book 7 — Renewables (@

RWE Renewables
Capacity: 1,500 MW
AOF: £76,203/MW

/ RWE Renewables
Capacity: 1,500 MW
AOF: £88,900/MW

Green Investment

Group and Total

L4 Capacity: 1,500 MW
¥  AOF: £83,049/MW

regens

transforming energy
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Yunlin Offshore Wind Farm 640 MW project Taiwan (awd. 04/2021)

Yunneng Wind Power Co.,Ltd.

Paris, April 29th, 2021 — Total has signed an

agreement with wpd to acquire a 23% interest in -

Yunlin Holding GmbH, the owner of Yunlin R

offshore wind farm located off the coast of L S b/ e sty v Eece

ENREANZWR

EHRER S @R

Taiwan, around 200 kilometers southwest of
Taipei. The project, currently under construction,
represents production capacity of 640 megawatts

(MW) and benefits from a 20-year guaranteed- The power generated by 80 wind
. . turbines is transmitted to substations
price power purchase agreement (PPA) with the located in Taixi and Kouhu, Yunlin.
. RESoEAMINES), MHERINE
state-owned company Taipower of USD 250/MWh AR RS .

for the first 10 years and USD 125/MWh for the
following 10 years . Partnership with Skybor,
EGCO & Sojitz consortium.

WD = 35m, Distance to shore = 8km, 80 WTG

Source : TotalEnergies website
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Yunlin | e N
P g YUNLIN -~

TotalEnergies

-’
® =

o)
Taiwan D COD
Dec, 2024
Non-Operated CAPEX Execution
6GE Off. Inst. 2024

campaign started

640 MW (80 x 8) TTE share beginni
: : eginning of March
wmdml.lls 29% - ongoing
Bottom f|>§ed MonoPiles
offshore Taiwan Todav 57 installed
. oday installed,
WD: 8 to 35m 23 remaining
distance to
shore- Wind Turbines
8 to 17 kms Today 38 installed,

42 remaining

33 Turbines export
Electricity

O
b
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The YUNLIN Project — Taiwan — April 2025

= The Yunlin offshore wind farm is now fully operational
= It will power 600,000 homes in Taiwan and save 1.2 million tons of CO; annually
= TotalEnergies will serve as the wind farm’s technical operator

Paris/Taipei, March 4™, 2025 — During a ceremony held in Taipei, TotalEnergies and its partners announced the
successful inauguration of the Yunlin offshore wind farm in Taiwan, which is now fully operational and generating
renewable electricity at its planned capacity of 640 MW.

A new milestone for TotalEnergies in Asia

TotalEnergies holds a 29.46% stake in Yunneng Wind Power Co., Ltd., the joint venture responsible for the project.
The other stakeholders include Skyborn Renewables with 31.98%, EGCO Group with 26.56%, and Sojitz with 12%.

The development and construction of the Yunlin project were led by Skyborn with the support of the other partners.
Following the Commercial Operations Date (COD), expected in June 2025, TotalEnergies will take the lead in
technical operations management, whilst Skyborn Renewables will continue to lead other management services.

"We are very pleased to be inaugurating the Yunlin offshore wind farm, as we take a new step forward in our offshore
wind development”, said Olivier Jouny, Senior Vice President Renewables at TotalEnergies. “This 640 MW project
will help us achieve our 2025 targets for 35 GW of gross renewable capacity and over 50 TWh of net electricity
production, amounting to 10% of TotalEnergies’ energy output. Our role as technical operator on Yunlin will allow us
to strengthen our offshore wind competencies as we look ahead to our future projects in Germany, Denmark, and the
United Kingdom", he added.

In Asia, TotalEnergies owns a renewable energy portfolio (solar, wind, batteries) of over 23 GW gross, across all
stages, from development to construction and operation. Of this capacity, 50% is already operational or under
construction.
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The YUNLIN Project — Taiwan — April 2025

Ong of the fargest ffshore wind farms n Taiwan F b
DTa'w
The Yunl offshore wind am s located ahout 15 ometersofthe west coast o Tawan, ot waterdepths of pto. "\ 4
35 meters, The projct consists of 80 wind urbines, each with & MW canacty. The lectity generated i ed nfo it s
the Taianese grid and conracte o Tanan Power Company (TPC)through o 20ear ower Purchese wind farm

Aqtcements (PPAS)atan avrage e of 165/MW, Taiwan

The Yunlmoffshore wind farm produces 2.4 TW o renewable electriit peryear powering over 600,000 Taiwanese @ Sihstations
households and reducing CO, emissons by approxmeely 1.2 millon tons

South China Sea
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(awd. 02/2022)

New York Bight Offshore Wind Farm 3 GW project USA

 NKtBa2 |

. [-ce“"al Bw%_r:_—‘ OCS'A 0539 81911t Wlm HOldings' LLC‘ s1g1M)DM|000
S8 62 . % RS R R P _°f§'ﬁ°.‘i’--[

3 1 5
({‘\ Bam!ba‘-l Li ;m

0CS-A 0538

A

~ | 7] No Surface Occupancy
| [ ]ATLW-8 Lease Areas
| OCS Blocks

0 5 10 15 20
L | | 1
Nautical Miles

 Source: “il"a'té’i'E'ﬁéfg’i'éé‘ website
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ork Bight tender (100%)

3 GW
- 50-year lease for 795 MS; oo,

-> FID expected by 2026 with
COD by 2028

- PPA tenders in 2023

O
b
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Carolina Long BayOffshore Wind Farm 1 GW project USA

North Carolina tender (10
May 2022

>1GW
- 30-year lease for 160 M$; g5,

-> FID expected by 2027 with
COD by 2030

Provisional Winner Lease Area Acres Winning Bid

TotalEnergies Renewables USA, LLC
0CS-A 0545 54,937 $160,000,000

Source : TotalEnergies website
283
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Wind Economics
Fundamentals
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LCOE is very dependant upon changes of the
environment (prices of fuels, cost of new nuclear
and production costs of solar energy in particular)
For wind energy and solar energy, cost of
intermittency has to be added
LCOE is also very dependant upon the Discount
rate.
(See Book 2 — Energy, Chapter 17)
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Levelized Cost of Electricity production (LCOE)

= Discounted Costs/Discounted Production

Q: Procliucaon ofE_]ectnczty > Due to discounting

C: Capital Expenditures decommissioning costs have a

» O :Operating Expenses negligeable effect (included in

> F:Fuel Expenses Capex)

> n - Economic Plant Life » For Renewables, Intermittency Costs

» I: Discount Rate are ot included

>
>

Nota: In the following, raw data from IEA, US DOE, UK DBEIS, IRENA,
Lazard, Fraunhofer ISE, WNA,......
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LCOE for Wind Offshore very much depend
upon the anticipated year of commissioning

Oftshore wind LCOE range and trajectory from 2015 to 2030, including estimated LCOE
180

. 160 Selected projects
3
3
~
!
S
w
o)
U
-l

0 A i A i | A A A L A i | i A A J

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Year of commissioning

m Offshore wind NNG (UK) EAL (UK) ® Morns Rev 3 (DK)
® Borssele 162 (NL) ® Vesterhav (DK) Kriegers Flak (DK) » Borssele 364 (NL)

Source: BVG Associates for WindEurope

Source: WindEurope
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Wind Offshore
Some considerations on LCOE
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Wind Offshore/OECD Region/Average figures — LCOE
Comparison 2019 & Perspectives 2030

Wind Offshore — Standard Project

Wind Offshore — Standard Project

Year 2019 Year 2030
Nominal Capacity MW 250| |Nominal Capacity Mw 500
Capacity each turbine MW 5| |Capacity each turbine Mw 10
Nb of turbines 50 Nb of turbines 50
Duration life Years 25 Duration life Years 25
Load factor % a0 Load factor % 45
Electricity Generation MWh/year 876000/ |Electricity Generation MWh/year| 1971000
Total Electricity Generation [MWh 21900000| |Total Electricity Generation | MWh 49275000
Capex €/kW 4000| |Capex €/kw 2500
Total Capex M€ 1000| |Total Capex M€ 1250
Constant Annuity @ 0% M€ 42| |Constant Annuity @ 0% M€ 53
Constant Annuity @ 5% M€ 72| |Constant Annuity @ 5% M€ 90
Constant Annuity @ 8% M€ o4 Constant Annuity @ 8% M€ 118
Opex €/MWh 30| |Opex €/MWh 15
Opex per year M€ 26 Opex per year M€ 30
Total Opex M€ 657 Total Opex M€ 739
Fuel cost M€ o Fuel cost M€ (o)
Decommissioning M€ 50 Decommissioning M€ 63
Total cost M€ 1707 Total cost M€ 2052
LCOE (not discounted) €/MWh 78 LCOE (not discounted) €/MWh 42
LCOE @ 5% €/MWh 112 LCOE @ 5% €/MWh 61
LCOE @ 8% €/MWh 138 LCOE @ 8% €/MWh 75
Constant Annuity @ 0% % 4,00 Constant Annuity @ 0% % 4,00
Constant Annuity @ 5% % 7,10 Constant Annuity @ 5% % 7,10
Constant Annuity @ 8% % 9,37 Constant Annuity @ 8% % 9,37
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Wind Offshore/OECD Region/Average figures — LCOE
Comparison 2019 & Perspectives 2030

Wind Offshore — Standard Project Floating Wind Offshore
Year 2019 Year 2030
Nominal Capacity MwW 250| [Nominal Capacity MwW 500
Capacity each turbine MW 5 Capacity each turbine MW 10
Nb of turbines 50 Nb of turbines 50
Duration life Years 25 Duration life Years 25
Load factor % 40| |Load factor % 45
Electricity Generation MWh/year 876000| |Electricity Generation MWh/year 1971000
Total Electricity Generation | MWh 21900000| |[Total Electricity Generation |[MWh 49275000
Capex €/kW 4000 Capex €/kW 4000
Total Capex M€ 1000| |Total Capex M€ 2000
Constant Annuity @ 0% M€ 42 Constant Annuity @ 0% M€ 84
Constant Annuity @ 5% M€ 72 Constant Annuity @ 5% M€ 144
Constant Annuity @ 8% M€ 94 Constant Annuity @ 8% M€ 189
Opex €/MWh 30 Opex €/MWh 22
Opex per year M€ 26 Opex per year M€ 43
Total Opex M€ 657 | |[Total Opex M€ 1084
Fuel cost M€ o Fuel cost M€ (o)
Decommissioning M€ 50 Decommissioning M€ 100
Total cost M€ 1707 | |Total cost M€ 3184
LCOE (not discounted) €/MWh 78| |LCOE (not discounted) €/MWh 65
LCOE @ 5% €/MWh 112 LCOE @ 5% €/MWh 95
LCOE @ 8% €/MWh 138| |LCOE @ 8% €/MWh 118
Constant Annuity @ 0% % 4,00 Constant Annuity @ 0% %6 4,00
Constant Annuity @ 5% %% 7,10 Constant Annuity @ 5% %% 7,10
Constant Annuity @ 8% % 9,37 Constant Annuity @ 8% % 9,37
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1.

o O gl N

Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments —
Potential/Diffusion/Network — Subsidies — Intermittency —
Competitiveness — France PPE — Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy

0,
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Non, Nasr Eddin le Hodja n’a pas tout a fait raison!

SN On aimait bien embarrasser Nasr Eddin avec
' des questions oiseuses ou carrément

+ impossibles a résoudre. Un jour, on lui
’ demande:

Nasr Eddin, toi qui es versé dans les
sciences et les mystéres, dis-nous quel est
le plus utile, du soleil ou de la lune.

La lune, sans aucun doute. Elle éclaire
quand il fait nuit, alors que ce stupide soleil
luit quand il fait jour.

TPA Sublimes paroles et idioties de Nasr Eddin 293 TPA Toolbox Energy Book 7 — Renewables {9@
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No, Nasr Eddin Hodja is not right !

People liked to embarrass Nasr Eddin with
silly questions or problems impossible to
solve. One day he is asked:

- Nasr Eddin, you are knowledgeable in
all sciences, tell us which is more useful
to us, the sun or the moon.

- The moon, without doubt. It give light at
night when this stupid sun shines in
daylight!

TPA Sublimes paroles et idioties de Nasr Eddin 294 TPA Toolbox Energy Book 7 — Renewables {9@
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Table of contents

1. Solar basics
2. Solar technology

3. Solar economics
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Solar basics
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Solar power is a natural long term energy champion

Sharing Experience

Total solar power
received on earth:
130 000 Gtoe

Assuming a \

conversion
factor of 17%
in average:
22 000 Gtoe

World need
10-20 Gtoe

Total solar power received on earth in average = 343 W/m2
=176 000 TW
Total solar energy received # 1 540 000 000 TWh # 130 000 Gtoe

Nota: 1Gtoe # 11600 TWh 297 TPA Toolbox Energy Book 7 — Renewables {?@



Average solar radiation = 342 W/m2
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Radiative power at the user side

TPA

Sharing Experience

Electricity

Concentrated and transmitted to PV cells
— semiconductor

Captured with PV cells — semiconductor

Light

Sun
radiation

Heat

Concentrated — fluid oncertrated

Other high t°
processes

Concentrated —» thermodynamic system

Electricity
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An Example: Solar potential and US global energy demand: 2,5
Gtoe

Morth 'm‘:’ gine
Dialiota
- " WEMInL
Sauth I} # Mesws Hampshire
Disliota e Massadiusetis
- k . Rhode Islamd
Iowa Connedicut
? Mebraska =l NIEW:EFE-E'!,I'
Deelarviare
T Maryland
Kancas | Washingtom, DT

Potentially satisfied by covering 2% of the surface with solar modules 10% efficiency
2% = surface occupied by roads ( same as what would solar require !)

40% of the surface is dedicated to food production

Solar pannels are 10 to 20 times more efficient than plants to « capture » solar energy
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Solar markets

Off-grid Off-grid On-grid On-grid central Consumer
residential professional distributed Solar Plants modules
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Solar technology
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Photovoltaic Principle

LIGHT (PHOTONS)

A SOLAR PHOTOVOLTAIC CELL:
DIRECT CONVERSION OF LIGHT ENERGY
INTO ELECTRICAL ENERGY

(GRID)

CONTACT

ELECTRONS
ELECTRONS

RECEIVERS
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Thermodynamic limits of photovoltaic solar energy conversion
efficiency

100%

Maximum conversion efficiency

80%
I 60% |
I
< 0 |
40% | °
| Current optimum conversion efficiency
20% |
I
0% '

1 10 100 1 000 10 000

— optical concentration

Source: Fraunhofer Institute
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PV Technologies: Three main families

TPA
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Source: EPIA / RWE Schott Solar

Crystalline Silicon: mono (FZ, CZ), multi, ribbon

Thin Films: One « process technology », irrespective of the active material (Si, CdTe, CIS)
Organic and polymer cells

Not represented: advanced multispectral cells (could be considered as « thin film »)
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The three generations of Solar PV

Multijunctions

Quantum dots
etc...

US$0.10/W US$0.20/W US$0.50/W
100 7 7
=
Vi
s .
80 s Ultimate
K o .
P 'hermodynamic
X [T A /T Tt “—  limit
5: 60 at 1 sun
5 US$1.00/W
O
=
T 40
<«—Shockley-
Queisser
20 limit
500
Cost, US$/m?

Monogap (in)organic thin films

306

Crystalline silicon
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PV Technologies: Three main families & Production Evolution

Solar PV module production by technology, 2011-2021

200 100%

™
Z 180 o—= o— o7 e 90%
160 80%
140 70%
120 60%
100 50%
8 40%
60 30%
40 20%
20 0%
0 0%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

=

—

mmm Monocrystalline silicon mmm Multicrystalline silicon 3 Thin-film —<o—Crystalline silicon share (%)

Source: IEA analysis based on BNEF (2022a), IEA PVPS, SPV Market Research, RTS Corporation and PV InfoLink.
Source: IEA 2022, Special Report on Solar PV Supply Chain
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The crystalline silicon solar PV value chain

Purified silicon Modules Systems

Chemical or Casting Surface Assembly Installation
Metallurgical Sawing treatments Lamination Operation
process

for purification

In 2011, Total acquired 60% of Sunpower
(Sales 2,2 G$) which previously purchased
Tenesol
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First generation: Silicon-based solar cells

¢ Silicon material: Si
» Non-toxic and abundant (~25% of earth’s crust)

= Excellent electronic, chemical and mechanical

prOperties Si Crystallisation 'Furnace
= Monoelemental semiconductor with an almost ideal
(1.1eV) bandgap for terrestrial applications

» Gives long-term stable solar cells and modules

» Currently used in microelectronics

» Si wafer solar cells >90% of PV terrestrial modules
» Multicrystalline Si cells, h~15%:

o Thinner cells: less material and energy
« Large area devices
« Higher efficiencies: 15% ® 20% and higher
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From solar grade silicon to wafer

Ingot: typical dimensions: 66cmx66cmx25cm,
typical weight: 300kg

Block production

Wafering

~§

Multicrystalline

wafer
Directional solidification
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Manufacturing Steps: Crystalline silicon vs Thin-Film

Simplified manufacturing from raw materials for c-Si and CdTe solar PV systems

-y

| Crystalline silicon
Mineral extraction
Silica (5i02) : quarizite, quariz pebble, quariz vein
Carbothermic reduction (carbon arc welding [CAWT]),
removal of impurities
Metallurgical-grade silicon (MG-3i =08% purity)
Hydrochloration
Trichlorosilane gas (HSICI3) Silane gas (SiH4)
Siemens process Fluidized bed reactor (FER)
Polysilicon (6-13N purity)
Molding (heat exchange method /

Float zone

Czochralski 7 electro-magneto casting /
(CZ) process ( _:' directional solidification system],
technigue doping

Multicrystalline, mono-like or
quasi-mono silicon ingot
Sawing and slicing
Wafers
Cleaning, texturing, doping {diffusion), etching, anti-reflective coating
deposition, contact printing and sintering, testing
Cells
Backsheet, contacts, encapsulation, glass and frame assembly and
sealing, junction box connection, testing
Module
Mounting, inverter connection, connection to the grid

PV system

Monocrystalline silicon ingot

| Thin-film (CdTe) |
Mineral extraction and refining

Cadmium (Cd), Tellurium {Te), etc.

Deposition of a fransparent conducting oxide (TCO) (e.g. fluorine-
doped tin oxide or indium-tin oxide ) front contact layer on a substrate
(e.g. glass, polymer)

Deposition of a n-type cadmium sulfide (CdS) buffer or window layer

Deposition of a p-type cadminum telluride {CdTe) absorber layer

Junction-activation heat treatment

Deposition of the back contact metal layers (e.q. zinc telluride [ZnTe],
molybdenum [Mao])

Definition of cells by laser scribing, interconnection bussing

Cells
Encapsulation, electrical lead attachement, junction box connection,
testing
Module
Mounting, inverter connection, connection to the grid

PV system

Source: IEA 2022, Special Report on Solar PV Supply Chain
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Who controls the Solar panels Supply Chain?

Share of Manufacturing Capacity by Country/Region in 2021
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The top 10 Utility Scale Solar Developers

Top 10 Utility-Scale Global Solar Developers, Total Capacity (MW)

*© I -
ety

ot -
Brookiield NN -

ene! I -
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Solar PV Manufacturing: China the Leader

Solar PV manufacturing capacity by country and region, 2010-2021

2010 2015 2021
100% =—

80%
60%
40%
20%
0%

O 2] &

S o o
& SAERRNCHR)
7 N N
@ China ® Europe

Notes: APAC = Asia-Pacific region excluding India. ROW = rest of world.

Source: |[EA analysis based on BNEF (2022a), IEA PVPS, SPV Market Research, RTS Corporation and PV InfoLink.
Source: IEA 2022, Special Report on Solar PV Supply Chain
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Polysilicon Manufacturing: China the Leader
Prices divided by 10 from 2010 to 2020

Polysilicon manufacturing capacity, production and price Polysilicon production market shares
= 450 0.45 z 100%
O 400 o 0.40 3 90%
350\ 035 2 80%
300 ‘l‘ 0.30 ;g:
w0 om
\ ' 40%
150 ! 0.15 30%
100 5 0.10 20%
50 - z” 0.05 10%
0 0.00 0%

S e e =285 § e e er2 2854

SR RRIIIRKR G SR R R R R RIR R

—— Production Year-end nameplate capacity ; hoﬂgilg?rsia ; Egirf; States g JGae;:g:]any
Estimated available capacity =+=Price (USD/W) OROW

Note: ROW = rest of world.

Source: |IEA analysis based on BNEF (2022a), IEA PVPS, SPV Market Research, RTS Corporation and PV InfoLink.
Source: IEA 2022, Special Report on Solar PV Supply Chain
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Solar PV Modules Production: China the Leader

Global solar PV module production, 2010-2022

2010 [ |

2015 T
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2017 [ T 1
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mChina ®mViet Nam OMalaysia DOKorea OIndia DOUnited States ®BChinese Taipei @Germany ®BJapan OROW

Notes: ROW = rest of world. Values for 2022 are estimates.

Source: |EA analysis based on BNEF (2022a), IEA PVPS, SPV Market Research, RTS Corporation and PV InfoLink.
Source: IEA 2022, Special Report on Solar PV Supply Chain
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History of laboratory records solar cells efficiencies

Best Research-Cell Efficiencies :iNREL

Transforming ENERGY
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Solar Panels Efficiency varies vs Temperature

Sharing Experience

» Solar panels are generally tested at 25°C. The nominal power
is defined on the basis of sunlight power of 1 000 W/m,.

» Excessive heat can reduce the output of a PV system.

> As the temperature of the solar panel increases, the voltage
output decreases. Impact: - 0,4/0,5 % per 1°C above 25°C.

» Solutions exist to reduce those negative effects:

<

L)

» Convective air flow can cool the panels
Light color material can reduce heat absorption, etc....

(R)

L)

*
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Total involment in solar technology: Preparing to scale up solar energy

TPA

aring Experience

>

For nearly 40 years, Total has been working to become a major player in the solar energy
business, by building partnerships with innovative start-up’s, developing organic growth,
promoting research and innovation.

Some years ago, due to the financial difficulties of the solar energy sector, some of these
partnerships failed. In 2011 and 2012, the sector experienced bad results, due to
overcapacities, less subsidies and low prices. Since then, the marked has been evolving.

The solar operational branch of TotalEnergies was Sunpower. Sunpower has developed
mono-crystalline cells with the best efficiency in the world (24,3% vs around 15% for the
best other standards) Due to several difficulties, Sunpower has now ceased all activities.

Sunpower: design, manufacture & installation of solar cells and systems. In 2011, Total
purchased 60% of Sunpower which previously acquired Tenesol (previously owned 100% by
Total) Acquisition cost # 1 billion €. Sunpower based in Silicon Valley. Turnover 2009 = 1,5
billion $, turnover 2014 = 3,0 billion $, turnover 2018 = 1,7 G$. TotalEnergies participation
down to 32,5%. Since 2019, Sunpower has been facing difficulties and finally ceased all
activities in July 2024.

September 2017: Total partners with EREN Renewable Energy to expand its Renewable
Business

0,
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Photovoltech: Solar cells production plant
(JV Total/GdFSuez, closed in 2012)
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Initially, TotalEnergies Majority Shareholder in Sunpower.
Due to several difficulties, Supower ceased all activities in 2024

SunPower had a global international presence SUNPOWER

Modules
Modules .
De Vernejoul, France
Toulouse, France
Modules
Milpitas,
USA g*
Tl *

L 0

*
*

Modules
Mexicali, Mexico
’ Cells
Melaka, Malaysia

Cells and modules
Batangas & Laguna, Philippines %

) Distributor network
® Corporate headquarters * (partner network in Japan)

@ EMEA - APAC headquarter* Main photovoltaic installations

% Factories @® Commercial & Industrial Joint-Venture

* EMEA : Europe, Middle-East, Asia
* APAC : Asia Pacific

Sunpower, one of the top world solar companies,

with very efficient cells (22.8% yield)
321 TPA Toolbox Energy Book 7 — Renewables {9@
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Sunpower Solar Cells

Compared to conventional modules,

» Mono Crystalline silicon

> Efficiency Ratio: from 21,5 to 24,2% (12 to 15%
for the best competitors)

8% more Energy Production (kWh/kWp)
Highly resistant to wear, corrosion,
temperatures variations

No light Induced Degradation

High Power at High Temperature

Better Low-Light and Spectral Response

High Performance Anti Reflective Glass

VvV V

VV VYV
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Some Sunpower (TotalEnergies 60% in 2011, down to 32,5% in 2023) projects

TPA

Sharing Experience

> California Valley Solar Ranch:

250 MW, 75 000 solar panels installed on 607 ha. Supply of 100 000 households. Combined with a water saving
programme. Start-up: October 2013

> Antelope Valley Solar Project (Solar Star):

Sunpower will manufacture, install, operates and maintain a major solar PV facility in Antelope Valley — California.
Contract signed in december 2012 (Solar Star)

Owner: Mid American Renewables (Warren Buffet)

Installed power capacity: 580 MWp on 1 300 ha, 1 720 000 solar panels, will feed 255 000 households

Cost involved: 2,5 billion $

Construction start: 1st Q 2013

Completion: end 2015

» Sunpower in Chile (PV Salvador Project)

Salvador solar farm at Diego de Almagro/Atacama region. 138 ha. Power capacity: 70 MWp. 200 GWh. 160 000
solar panels. Completion: January 2015. 70 000 households powered. Capex =200 M$. Electricity price =120
€/MWh

Additional new projects are starting in Chile.

» Since 2019, Sunpower has been facing difficulties. The activity of solar panels fabrication was transferred to
Maxeon Solar in 2019. In 2022, TotalEnergies purchased Sunpower industrial & commercian solar activities for
250 M$. Sunpower ceased all activities in July 2024 and was declared bankrupt in august 2024.
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California Valley Solar Ranch
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California Valley Solar Ranch

California Valley Solar Ranch, 315 MW dc (250 MW ac), USA I

0,
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Solar Star - California

TPA

Sharing Experience

Z' SUNPOWER

Because solar will partner
with od and natural gas o
supply tomormow s ensengy,

we are jocuming on ambstious
photovolac sclar projects today.
After starting work on Sclar Star
in Caforma, we tock ancther step
forward n 2013. Together with
our afiate SunFlower, a global
solr leader and maker of the
world’s most efficient pansiz, we
were chosen to build and operate
several solr power plants around
the world, in Japan, South Afnca
and Chie. The latter will be the
largest merchant solar power
phant sver buk, with a capacty

of 7TOMNp.

XXL Solar Power
Plants

55,000

£ NUNVEER LIFORNA

Solar Star,
California

S7TSOUAR

21.5%

S THE AVEFAGE CONVERSION
EFFICENCY OF SUNFOWER FaNEL S,
VERSLIS AMARKET AVERACE OF 17%
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Solar Star - California

Solar Star, 747 MW dc (579 MW ac), USA
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PV Salvador - Chile

0,
b
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e

Chi

PV Salvador

ile

), Ch

r, 70 MW dc (68 MW ac

PV Salvado

0,
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Solar plant at Nanao/Japan
ISE Group/Total/Sunpower

27 MWp located in Nanao, Japan’s Honshu Island, 25 ha
Completed one year after start of construction
ISE (50%), Total (25%), Sunpower (25%)

0,
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Total’s Solar Projects in Japan

RUSSIA

MONGOLIA  ________ :

o TOTAL'S SOLAR PROJECTS IN JAPAN

@ MIYAKO Solar Park
(25 MW)

NANAO Power Plant

Sea of Japan (27 MW)
®

TOKYO

Pacific Ocean

@ Solar PV plant in operation
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Al Kharsaa PV Plant - Qatar (1)

800 MWp - Photovoltaic plant with bifacial modules (21% efficiency)

Plant Built and Operated by Siraj1 Company - 40 % Marubeni and
TotalEnergies, 60 % Siraj Energy (Qatar Energy and QWEC)

Plant divided into 108 block of 288 modules. Trackers to follow the sun path.
2 000 000 MWh produced annually

26 Million tons of CO2 avoided during the 25 years of operation

Location: Al Kharsaa, 80 km West of Doha

Area: 10 Km2. Capacity: # 800 MWp

Construction start-up: 3rd quarter 2020, 2 years construction

Operations start-up: October 2022

0,
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Al Kharsaa PV Plant - Qatar (2)

Al Kharsaah

Qatar

Doha
°

| /
| Vs
j ‘sw; Mr))d { y/ 4
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333 TPA Toolbox Energy Book 7 — Renewables (@
b



TPA

Sharing Experience

Efficiency Ratios per area - Some figures

Capacity | Cap.Fac. | Generat. | Area Ratio Ratio
(MWp) V) (GWh/a) (ha) (W/m,) | (kWh/m2)

California Valley 24%

Solar Ranch - California

Antelope Valley 580 24% 1219 1300 45
Solar Star - California

PV Salvador - Chile 70 33% 200 138 51

Nanao - Japan 27 17% 40 25 108
Kamuthi - India 648 17% 965 1000 65

Cestas - France 300 13% 350 260 115

* Announced Capacity Factors 334 TPA Toolbox Energy Book 7 — Renewables ‘_@
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Sunpower cleaning robot

TPA

Sharing Experience

SunPower cleaning robot, 75% less water required for cleaning I

Copyright @ Courtesy of SunPower Corp.

Nota:Since 2019, Sunpower has been facing difficulties and

ceased activities in July 2024
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan

TPA Photo: J.P. Cordier TPA 336 TPA Toolbox Energy Book 7 — Renewables ‘_@
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan

— -

83592 Jinko solar PV Modules on 70 ha - 28 MW

Llfe tlme of solar panels guaranteed 25 years

0,
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan

e [l Substation
i M| TS S
| : A, /e
il Il i
I
i
I | i -/
| M ST )] /e teces e
i i I i
i -
I i
j I
\\ vl ek
\ il 4 l
| | :
L 8 substations to convert Direct Current to Alternating current (DC to AC) :
[ g |
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NOMAD Solar station -TotalEnergies EREN

Zhalagash — South Kazakhstan
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan
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Electrical transmission system
Output 220 KV for around 15 000 people- 4 villages
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan

'\‘

Solar panels are mounted on “single-axis tracking systems.” They are attached to horizontal poles which
run north to south.Throughout the day ,the panels rotate from east to west to follow the sun.

TPA Photo: J.P. Cordier TPA 341 TPA Toolbox Energy Book 7 — Renewables ‘9@
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan

Wind speed measurement
Trackers go to stow at 11 m/s. Structure

Snow-depth measurement designed for 47 m/s to 51 m/s
TPA Photo: J.P. Cordier TPA 342 TPA Toolbox Energy Book 7 — Renewables
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NOMAD Solar station -TotalEnergies EREN
Zhalagash — South Kazakhstan

==
--

=P Solar panels

» |
|
e =
‘ . ; r ;v £
ll‘ Albedometer Two pyranometers

Dust monltormg system on PV modules. measuring both global and reflected solar radiation

In case of output difference greater than 3% , (W/m?). For future double-sided solar panels
cleaning up by robots Albedos of typical surfaces range from about 4 % for fresh

asphalt and 15 % for green grass to 90 % for fresh snow.
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NOMAD Solar station -TotalEnergies EREN
Zhalagash South Kazakhstan
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Control room

Power generation along the day
Summer: 18 h production per day
Winter: 7h productlon per day
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Solar panels in China
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Concentrated Solar Power (CSP)
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Concentrated Solar
Power

Solar Tower PS 10 (Spain)
11 MWe - Site area: 550,000 m2
Solar receivers area: 75,000 m2
Solar to power efficiency: 15-18%

Parabolic Trough
Nevada One
64 MWe - Site area: 1,4 km2
Solar receivers area: 0,35 km2
Solar to power efficiency: 12-15%

Dish Stirling
Odeillo (France)
9 kWe
Solar to power efficiency: 17-20%

347
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Shams Project Abu Dhabi (1)

» One of the world largest concentrated solar power plant

» Built by a joint consortium of TotalEnergies (20%)/Abengoa
Solar (20%) together with Masdar (60%) from 2010 to 2013.
Masdar later bought the share on Abengoa

» In operation since 2013, it has produced more than 2 000 Gwh
of electricity in ten years and offset 1.75 million tonnes of
carbon dioxide

» Location: Madinat Zayed, 120km SW Abu Dhabi

> Area: 450 ha. Capacity: # 110 MW, 768 parabolic collectors, 258
000 parabolic mirrors

> Cost: 700 M$

TPA 348 TPA Toolbox Energy Book 7 — Renewables {9@
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Shams Project Abu Dhabi (2)

The plant meets the electricity demand of

30 000 households

P —— \""\_\\\“\\
—3€;§E§§%§§§§§§§§§§§§§§§r~

———

¥ A Fufayrah

ABU DHABI
: 2% A MADINAT
o / ZAYED
: 5 defrnd
SAUDI ARABIA P y

OMAN

L
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Shams Project Abu Dhabi (3)

SHAMS,

ONE OF THE WORLD'’S
LARGEST CONCENTRATED
SOLAR POWER PLANTS

In Juns 2010, Total and partners Abangoa Solar from Bpain and Masdar began conetruction of Shame,
one of the worid's largest concentrated solar powor plants, Extending over an area of 2.0 equare
kiomatars, the plant is located in Madinat Zayed, appraximately 120 kllometers scuthwest of
Abu Dhabl In the United Arab Emirates (UAE). With Ite 260,000 parabolic trough mirore, Shame s
sxpoectad to produce enough powar for around 30,000 houssholkie* and will have a rated capacity
of 100 MWL The plant is schedulad to begin olal oparation at the end of 2012,

With this ambitious project, we are sxpanding our solar énsrgy activitics by adding naw technologles
1o our portfolio of axpartiss and supporting our long-standing partner, Abu Dhabl 2= it pursuce

SHAMS AT A GLANCE: 5 MILLION M
OF SAND MOVED

i‘goo PEOPLE
BILIZED ON SITE

POWER PLANT CAPACITY:
100 MW

TP A 350 TPA Toolbox Energy Book 7 — Renewables
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Noor Power Station
Ouarzazate Solar Power Station — Morocco (1)
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Noor Power Stat
Ouarzazate Solar Power Station — Morocco (2)
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Noor Power Station
Ouarzazate Solar Power Station — Morocco (3)

Basic technical principle

l = ; ‘ - }' ; Recelver
( Py, f > )
[ 55 //Powarlines v - Air-cooled fe
// (R & ~.__condenser
— e
g e
@\. ‘ - Turbine
LT \j p
Generator i Laey y.
DR £
‘.’ ,
y - 4 & ~0
Receiver and Storage tanks ’ Thermal energy /_’.;_ o,
with Molten Salt storage tanks 4 V4 S
/'-;_.! 1 Heliostats
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Noor Power Station
Ouarzazate Solar Power Station — Morocco (4)

Basic technical principle

Hot Salt

Molten salt can
be used in solar-
power generation
to store heat until
it is needed

Large mirrors
focus the sun's
rays on a central
collection tower

Source: United Technologies

Molten salt is
heated in the
tower, then
pumped into a
storage tank

Cooled salt is
returned to a
second storage
tank to be sent
back through
the cycle

The heated salt
is then pumped
through a steam
generator

The steam is
used to power an

electric turbine

Graphic by Eri< Andersen
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Noor Power Station
Ouarzazate Solar Power Station — Morocco (5)

Type: CSP

Power: 580 MWp

Energy Storage: Heated Molten Salt

3 phases

Noor 1: Parabolic troughs, 500 000 mirrors, 450 ha, 160 MW, 370 Gwh per year,
3 hours storage, connected to the grid in February 2016, cost = 3,0 G$

Noor 2: Parabolic troughs, 680 ha, 200 MW, 600 Gwh per year, 7 hours storage,
commissioned in January 2018

Noor 3: Parabolic troughs, 550 ha, 150 MW, 500 GWh per year, 7 hours
storage, commissionned in March 2018. Since then, several incidents (leaks
on the heat transfer network) have reduced production

Noor 4: PV Power Station Project, 70 MW

Partners: TSK-Acciona-Sener, ...,MASEN (Morocco Agency for Solar Energy)
Operator: ACWA Power

The project has experienced additionnal problems in connection with access
to water and drought in the country.
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Characteristics of some typical Solar Energy Projects

Type Location Production CF Nb of Area Households | Capex Start-up
(GWh) (%) solar panels (LGE)] supplied (M$)

California Valley California 75000 100 000 1 600 2013

Solar Ranch

Solar Star PV California 580 1685 33 1720 000 1300 255 000 2 500 2015

Salvador PV Chile 70 200 33 160 000 138 70 000 200 2015

Nanao PV Japan 27 na na 80 000 25 9 000 na 2017

Miyagi Osato PV Japan 52 na na 116 000 na 2021

Al-Kharsaah PV Qatar 350 + na na 2 000 000 1000 na Phase 1 2022

450 470

Boulouparis PV + Nouvelle 1 16 17 43 200 17 5400 50 2017
Storage  Calédonie 16 58 000 35 21 000

Shams CSP Abu Dhabi 110 210 22 258 000 250 30 000 700 2013

Noor Ouarza. 1 CSP + Morocco 160 370 26 500 000 480 na 3000 2016
Storage

Noor Ouarza. 2 CSP + Morocco 200 600 34 na 680 810 2018
Storage

Noor Ouarza. 3 CSP + Morocco 150 500 38 na 550 na 645 2019
Storage

Noor Ouarza. 4 PV Morocco 72 120 19 na 137 na 85 2019

Noor Midelt CSP Morocco 600 na na na 3 000 1 000 000 3700 Phase 1

Several phases PV 1000 people 2022
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Actions developped by Total

IN SOUTH AFRICA

KwaZubs Encrgy Sarvices (KES] was aamsad in 2002 by EDF (G0, Total (35%) and Calulo [16%) to implomont
a decantraized nral cloctnfcation program bazed on solar energy in Sowth Alnca. By mid-2042, around
20,000 houschoids, had bean supplad with indvidual photovaitaic ol kits. KES iz continuing s growth and
plans 1o install anothar 30,000 indridusd solar systams over the naxt four yoars. LPG bottles from Totad Ga
o destributed for back-up uppiy

ﬁ."f:

DECENTRALIZED RURAL ELECTRIFICATION:
BRINGING ELECTRICITY TO ISOLATED COMMUNITIES
TOTAL IS INVOLVED iN DECENTRALIZED RURAL ELECTRIFICATION,
OPERATING THROUGH TWO RURAL ENERGY SERVICE COMPANIES (RESCO)
N SOUTH AFRICA AND MOROCCD.

IN MOROCCO

Tomasal, crastod in 2002 by Tenasdl, EDF and Total, hae equippad nearly 26,000 houscholds, soprazanting around
120,000 people. Tha company = now focusing on mantananca of rstalied photovoltaic systors, induding
repiacamant of dalactive and end-of §la componantz. Dovdopment avanucs nclude photovaitaic inztalistions

for telocommurication rolays, drinkang wator pumping staSions and gd-connactod sohsons

357 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Promoting the use of PV on industrial facilities

SOLAR FERGOLA AT THE LADQ MITH

TOTAL SITES, AMBASSADORS
FOR PHOTOVOLTAIC POWER

TOTAL IS INTEGRATING PHOTOVOLTAIC SOLAR SOLUTIONS INTO SOME
OF ITS EXISTING INDUSTRIAL AND COMMERCIAL INFRASTRUCTURE.

TOTAL GAS STATION IN LE MAVEE

358

IN FRANCE, THE FIRST SITES TO BE EQUIPPED IN 2010

AND 2011 WERE THE LACQ COMPLEX AND THE SCIENTIFIC
AND TECHNICAL CENTER (CSTJF) IN PAU, BOTH IN THE
SOUTHWESTERN REGION OF THE COUNTRY. SOLAR PANELS

o

he Pau siia has a production capacity of
I 230 MWEvyoar and a and botpeint of about
ZA00 zouara mataes of solar panos. Tha Laog

Sto's 4,400 square-matar foofprnt has a production
capadity of around 410 MWhyoae

Total inands 10 promata the Instalation of SunPower
rocficp solar pancis al sarvico statons around

WERE ALSO INSTALLED AT SOME TEN SERVICE STATIONS.

o workd, sttt s coesting nateork and aspociaily at
naw staticns. Tha panais, which can ba insialod
on =hop rools of kregratod In canopias, il offor
annual production capacity of 35-50 MWwh doponadng
on the geographia location

Around 20 new Totx sarvioa staions should bo
oguippad In 2013, most of ham In Bropo and Ao,

TPA Toolbox Energy Book 7 — Renewables ‘9@
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R&D necessary to cut costs

SOLAR R&D: INVESTING TO
IDENTIFY THE MOST EFFICIENT
TECHNOLOGIES

SOLAR ENERGY R&D FOCUSES PRIMARILY ON OPTIMIZING CELL
PRODUCTION, THE XEY LINK IN THE PHOTOVOLTAIC CHAIN.

TPA

Sharing Experience

In March 2012, Total, ECF, the
French Natlonal Center for
Scilentific Research (CNRE)
and Ecole Polytechniqus,
assoclated with Alr Liquida,

- Horlba Jobin Yvon and Riber,
anncunced the creation of IPVF, one of
the five largest centers worlawide
conducting research Into new gen-
eration photovolitalc solar systoms.
Alrcady activa, the Instkutowill be basad
at the Parls Saclay Campus by 2015.
It will svantually bring together close
to 180 researchers, kecturcrs and sbudants.

ha objectives am 10 reduca costs more quickdy,
rorcase the corversion ot

LAA®: [Laboratory for Systoms Analysis and

xS - Tououze, Francs] 1o enhance the aticknoy

and future componants, and axpand app
Bons. This process marshals the wids armay of axper-
tizc arvalinbie across Total, in close collaboration 'with
kadrg ard \organizationa Total has
signed a numbar of parinership agroemants racently
with g y recognized camars, inchadng:

of pi o Modes Using a systemio approach.

IMEC: (rtsruniversity MicroElectronios Canter -
Lowvain, Ecigium) to decreass the amount of sticon
reeded or cels and Improve thalr afficiency.

LPICM: (ntarfaca and Thin Fim Frwysics Laboratory
- SBaclwy, Francs), a joint rasearch faclity of the
French Naticnal Canter for Sclentific Rescarch
(CNRS) and the Eccla Polytechnigus anginaaring
30hool'with a combined team working on crystaline
shicon thin fim fochnology

CUTTl N G Solar energy is ntemittent. To allow the broadsst possbie ucs, eMMcient
co STS solutions are nesdad to stora this energy and ensurs It i avalablke when

neaded A fivaysar, $4-miilon contract signad with the Massachusstts
ON Instkuts of Tachnology (MIT) In 2000 will halp cur researchers devalop o
STORAG = highly efficient, low-cost, kong-He battery. i lale 2010, sncowraged by the

project’s very promising results, the partners deckdad 1o craate a start-up,
LME Corp. (Liqud Metal Batiary Corparation), to devalop these grid-scale

Snorgy storage systams.

TPA Toolbox Energy Book 7 — Renewables
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Awango by Total:
Access to electricity to low-income communities

AWANG O 4
by @ ToTAL

Make it Solar
ST B ¥R

O
b
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Total access to Energy Solutions

OUR GOAL: Solar Lamps - To benefit 25 million people by 2025

OUR ACHIEVEMENTS Today

DISTRIBUTING
F COUNTRIES
MILLION
e 37,000
J
1 5 PEOPLE TRAINED
MLLION PEOPLE
REACHED
OF USERS CLAIM THAT
THEIR LAMP HAS
SIGNIFICANTLY
—— 0 IMPROVED THEIR DALY
MTCO2 LIVES"*
AVOIDED

Since 2010, development of a range of innovative and decentralized solutions,
meeting the energy needs of people in emerging countries while contributing
to the fight against climate change.
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Total access to Energy Solutions

OUR GOAL: Solar Lamps - To benefit 25 million people by 2025

¢ Since 2010, more than 3.5 million solar lanterns and kits have been
distributed in 40 countries via distribution channels involving social
entrepreneurs and non-governmental organizations (NGOs).

¢ Fitted with accessories such as mobile phone chargers, radios and
fans, these solar solutions are genuinely improving the daily lives of
more than 15 million people.

TPA 362 TPA Toolbox Energy Book 7 — Renewables {9@
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Sunpower supplier of Solar Impulse

E 2
-

oy

TPA 363 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



Sharing Experience

Industrial Partnerships — Total involvment

Total Energy Ventures: Total’s Affiliate in charge of
Capital-Risk and Start-ups development.

Off Grid Electric: based in San Francisco, development of solar
systems coupled with batteries connected to LED lamps, phone
chargers and small electric equipments. First market objective: 1
million clients in Tanzania.

Powerhive: micro networks fed with solar energy stored in batteries,
development of local distribution network in Kenya.

0,
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Solar economics
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SOLAR KWH SHOULD BE COMPETITIVE
BY 2010 IN SOME REGIONS OF THE WORLD

lllustrative chart - Vision 2010

Hours of suniight per year

Source: Total-Ademe

366
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Reminder - Solar Energy — A German vision from 2015
Drastic cost decrease upon time

TPA 367 TPA Toolbox Energy Book 7 — Renewables {9@
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Solar Energy — A German vision
Drastic cost decrease upon time

40 43
30 -
*
L
=
{ =
i 20
10
8.7
0
2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015

*Nominal values, Feed-in tariff applicable at first of January each year, value 2015 exd. adjustment of 0,4 ct/kWh for direct marketing

German renewable energy law, Agora Energieweanda

Source: Fraunhofer Agora Energiewende 2015
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Solar Energy — A German vision
Drastic cost decrease upon time

PV system sizes Focus of the study

1kWp 10 kWp 100 kWp 1MWp 10 MWp >100 MWp

Private house Industry

Pictures: Fotolia/Smileus, Naturstrom

Source: Fraunhofer Agora Energiewende 2015
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Solar Energy - A German vision - Drastic cost decrease upon time
Ground-mountain PV systems today & in 2050
Southern Germany to southern Spain

10

g
8
=
= 7
m™d
i
5 G
=
L g
= ‘ ' Maximum:
s 4 4.4 ct/kWh
=
§ 3
- 2 h Minimum:
: 1.8 ct/kwWh

Today (2014) Scenario 1 Scenario 2 Scenario 3 Scenario 4
(PV breakthrough)

Range in Germany (south): 2.5 - 4.4 ct/kwh
Range in Spain (south): 1.8 - 31 ct/kWh

Source: Fraunhofer Agora Energiewende 2015

TPA 370 TPA Toolbox Energy Book 7 — Renewables {9@

Sharing Experience '



Electricity costs and Feed-in-Tariffs (FIT) in
Germany — Drastic decrease of the costs

&0
Elactricity costs
Photovoltaic FIT
| e HOusenoid 1 0003 K\Wh)/s to 2 500 EWh/a
- | ircl, VAT {2000 2014; =£.2%/2)
e HOSON 00 2 5000 W3 ta 5 D00 KWh/a
Incl, WAT {2000-2014; <4 9%/3)
—e—Irdustry 30D MWH/3 0 2 GWha
40 | =

ret price (2000-2011: 46 0%,/3)

e Irdustry 20 GWnJa to S GWhE
et price (2000-20014: 15.0%/3)

Feod-in tarlff for PV

Household power price =D PV Reoflos up o 10 ke

(2000 2014 .9.2%/a)

€Cents / kWh
8

N
o

— P freestanding
(2000201 4: -11.6%/3)

o #“ : Feed-in tariff for Wind
Industry power price .

0 = = = S—— : e e d—— ——— e —g—'Wing oftchore, initial taritr, acceer. Meodel
> = - (2000 -2014: -5.6%/a)
B o e o o G U D G —
- ~Wind onshoee, basic Larfl
Wind FIT (2000 2014: - 1.0625/)
0 T T T
2000 2002 2004 2006 2008 2010 2012 2014
Year

Data: BMU, EEG 2014 and BMWi Energiedaten. Design: B. Burger - Fraunhofer ISE , Update: 16.10.2015
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Drastic decrease of Costs for PV — A 2015 vision by Total

TPA
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PV LONG TERM SCENARIO - A MASSIVE SCALE-UP

California LCOE* Cost PV Module learning curve (20%)
LCOE* +ICOE (Levelized cost of Energy) = actualized technical energy cost @6%
52015 / MWh ¥ costs ([@6%

;{:'!Sﬂ
J energy yield@6% for the plant lifetime - #,

~

580

N —

80 T ¢ 157 GWp
7O - - I 2008
Cost of Tedttet
60 - ---B —T“—Fintermittency - -
50 - - St
Hh"“x . i
40 - = A

Price

o

30 - ___ mCapex I " '\H
o P e e e e C02@25$/T _ 2014 S
20 - I I e s
10 - " Fuel g
8] T T T T T T 1
2005 2015 2025 2035 2035 2035

PV Gas CCGT Coal Manufacturing capacity

Silicon modules > 90% global capacity
Module price divided by 5 since 2009

Source: Total 372 o)
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LCOE is very dependant upon changes of the
environment (prices of fuels, cost of new nuclear
and production costs of solar energy in particular)
For wind energy and solar energy, cost of
intermittency has to be added
LCOE is also very dependant upon the Discount
rate.
(See Book 2 — Energy, Chapter 17)
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Levelized Cost of Electricity production (LCOE)

= Discounted Costs/Discounted Production

Q: Procliucaon ofE_]ectnczty > Due to discounting

C: Capital Expenditures decommissioning costs have a

» O :Operating Expenses negligeable effect (included in

> F:Fuel Expenses Capex)

> n - Economic Plant Life » For Renewables, Intermittency Costs

» I: Discount Rate are ot included

>
>

Nota: In the following, raw data from IEA, US DOE, UK DBEIS, IRENA,
Lazard, Fraunhofer ISE, WNA,......
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Solar Energy Installed Capacity Worldwide
Figures may vary according to sources
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Evolution of installed solar power capacity (MWp)
N°1 China, N°2 US - End 2025

(GWp)
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# 2400 GWp = +27% vs 2024 (CSP: 0,4%)

N ™M
N
o O
N

n O N 0 O O = AN MM < 1IN O N 00 OO ©O = <
© O O O O = = e=H =l = =H = = = = NN N
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Source: Data from IRENA 2026
Figures represent the maximum net generating capacities installed and connected at the end of the year
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M Rest of World
W Netherlands
B South Korea
W France

M Australia

MW Italy

M Spain

M Brazil

W Japan

B Germany

M India

W US

M China

O
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Solar PV Energy Installed Capacity Worldwide

Gigawatts
1,589
1,600
.|
5
1 Gigsgll World
Total
1,200 s
1,000 947 ﬁ— - B .
ﬂ B Annual additions
774 .
800 S N | B Previous year's
628 W capacity
600 515 e
410
400 Fo7 EIE T T BT T
230 e
B— = = = = O = = e r /4
— F /2 A
0

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Source: REN21 Renewables 2024 — Global Status Report
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Evolution of installed solar PV power capacity (MWp)
Capacities and Additions — Top 10 countries 2023

Gigawatts
700
+235
600 —pn@g—— ®\|\e-——-————7 " ""—"——"-— —
+33.2 |
500 ———————— | M Added in 2023
! 150 — 2022 total
400 —
+66.9
300 — —.— oo *166 +6:3
B 143 1
50 — — = g9
+11.9 +/7
100 — I — m o a2 3
60 — e
a F /
. =1 &, . _ © %
% e, s B T, B %, N, e
% ey
TPA Source: REN21 Renewables 2024 — Global Status Report 378 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Solar PV Capacity Additions — Year 2023

Solar PV Global Additions 2023: 407.3 GW

8%

United States

16%

Rest of World

Next & countries

Brazil

Spain
Japan
Poland

italy
Netherlands

Source: REN21 Renewables 2024 — Global Status Report
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Thermal Solar Power

THERMAL SOLAR POWER

Thermal solar energy systems have three components:
?Ia-rlj collector iﬁ}.’_-":i"|EEZ-|:3% ‘é’j-:j} recover heat from sunlight,
uid-circulation ¢ n to carry the heat to where
l‘?: S '|:|::1 be u .!«:-z-?ui or S iﬁm ed, an t:‘l g r-z-?.*[;ga.él:.-'ai;i-:::lﬂ device
intain the fluid at a final temperature suited
Nt s.-q:n;;sé|tj::‘1‘é’j|-:j:¢“g (heating for a swimming pool
building, or even high-temperature industrial
ap }jmé ications).

KEY FACTS

SOLAR THERMAL HEATING

O
b
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Evolution of installed CSP thermal power capacity (GW)

Gigawatts
7
- I Rest of World
B United States
b .
Spain
4
c P
o N 3%
1 — .

2013 2015 2017 2019 2021 2023

TP A Source: REN21 - Renewables 2024 Global Status Report 381 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Evolution of installed Solar Water Heating Collectors

Capacities
Gigawatts-thermal Gigawatts
600 15,000
« @ 900
s "9 = emd . Word o
0 456 38— — e — 12,000 B Unglazed collectors
4 B Glazed - evacuated
409 tube collectors
il o e o B B E O s .
_ : Glazed - flat plate collectors
Glazed collectors 2000 : L 1 [ e
m - — | _— ' I _—  _— — B Unglazed collectors
6,000 —
0-00— === ———
3,000 —
1M -——— # L
) . M
e e e . : ==
+11%-10% 15% 27% -15% 165%-33%
2014 2015 2006 2017 2018 2019 2020 2021 2022 2023 AVVVYVAY
a5, % %, T, %, 4%,
MNote: Data are rounded to nearest GWy, Data are for glazed and unglazed solar water collectors and do 0.3,4‘3‘ 7‘%“3 "%:9"" %,
not include concentrating, air or hybnd collectors. v %b%
Mote: Additions represent gross capacity added. Growth rates of annual market are rounded to the nearest whole numbear.
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Solar PV electricity price vs consumer price

A

2010

PV electricity price
(€ 1 kWh)

0.35

Source:
European Photovoltaic
Technology Platform

The interest of this optimistic view is to illustrate the major roles of two factors:
Sun availability + intensity and alternative electricity costs or prices.
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Solar resource: Germany vs US

‘' \rnl'urg
* Schwerin
. Rll‘ men
Berlin

« Hannove!
Magdeburg

Kasse Dresden
Koin

Frankfurt
Nurnberg
Saarbricken
Stutt gart

Mdnchen
Fre ‘bu',;

Nature is very « unequal » as far as solar
energy is concerned ...
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Can Solar PV electricity be for free ?

COST OF DIFFERENT TYPES OF CLADDING MATERIAL

POLISHED STONE

PHOTOVOLINICS

STONE
GLASS QURTAIN
WALL
METAL
T .
I' ._#
nr

prm -eifl: e fM. e e W -« lI02.

Polished stane up to £1,500-1,750

Photovoltaics £700-1.000 Schilco quote,
£750-850 Ove Arup quote

Stone £500+
Glass wall system £350-500
Stainless steel £175-250

Cosl per square metre of various
facade materials (€ sterlingy

TP A 385 TPA Toolbox Energy Book 7 — Renewables
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Breaking The Rules

TPA

Sharing Experience

Yesterday

Central power statior

Tomorrow: distributed/ on-site

generation with

Factory

Commercial
building

power plant

Powe
quality
device
uﬂb i
7 power

plant

386

Photovoltaics

fully integrated

network management

quality
device

House with domestic CHP

0,
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Integration is the Must to optimize the utilisation of Variable
Renewable Energies

2015 2030

Trade actiivity )

In Europe "';-""" '# ‘i'.l

I"y i/
S
V=, ~ #
Total trade
activity
330 TWh

Balancing -
trade
23%
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Solar Energy: a bright future ?

(A german view of Solar long trem future)

Veranderung des weltweiten Energiemixes bis 2100

Prognose des Wissenschaftlichen Beirates der Bundesregierung Andere Erneuerbare
Globale Umweltverdanderungen

Jahrlicher Primarenergieeinsatz
[EJ/al

1.600 |

2000 2010 2020 2030 2040 2050 2100 Solarthermie

(nur Warme)

1.400__

o

omasse

2

asserkraft

Kernenergie

G A 0]
_ (0]

Quelle: solarwirtschaft.de

This type of view assume a major breakthrough in solar energy costs reductions
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International Solar Alliance

» Established during the COP 21 in 2015.
> Enters into force on 6 december 2017.

> As of december 2017: 46 countries signed the
framework agreement, 19 countries ratified it.

> Head Office: Delhi - India

> 1000 B$ to be captured to promote solar energy,
in particular in developing countries.

TPA

Sharing Experience

Easing Solar
Deployment Globally

The International Solar Alliance is an action-oriented, member-driven,
intergovernmental organisation for increased deployment of solar energy
technologies as a means for bringing energy access, ensuring energy security,
and driving energy transition in its Member Countries.

Member = Signatories
Countries § Countries

+

ol ¢ \\\\“ S

0,
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Omuta Biomass Power Plant, Japan

supplied with Palm kernel shells o)
b
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Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments —
Potential/Diffusion/Network — Subsidies — Intermittency —
Competitiveness — France PPE — Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy
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Biomass is neutral towards the environment

Biomass is a renewable energy considered as neutral towards the
environment. Biomass utilization is based on the carbon cycle

6CO,+12H,0+Light === C.H,,0.+60,+6H,0

Combustion

Rotting

Nutrients\—j KJ H,0

Nota: Wood is an organic material 393 TPA Toolbox Energy Book 7 — Renewables {9@

Chemical formula # C;H,0, )



Wood energy is currently the most significant biomass contributor, esp.
in developing countries (~900 Mtoe)

Business approach: Northern countries favor wood for materials and paper
+.~__ fulfilling their energy needs with fossil energy
R N #‘;
‘ 490 000 000 m3 %‘ l

S e ./ @

245 000 000 m3 N '

_ @) L
2122 500 000 m3 % o

(&
~ Bois d'ocuvre & d'industrie é;
; % Wood energy: 46% Asia, 30% Africa

@ Bois de feu 9y ° ’ °

World wood consumptions (expressed in round wood equivalent)

... and can bring a lot to local heat and electricity markets

TPA 394 TPA Toolbox Energy Book 7 — Renewables {9@
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Biofuels: a lot of publicity, a number of problems, but still very small
contribution to world energy (~35 Mtoe)

¢ Biomass with an « obvious » potential and interest ...
« Brazil, USA, Europe ...
= But as well China, South East Asia, Latin America, Africa ...
» Local Heat and Electricity easier markets than biofuels ...
= Due to difficult economics, public support is required in most of the cases ..

¢ But attention will have to be paid to ...
Land availability, and possible conflicts of use (food)

Water availability, and possible conflicts of use
Deforestation and biodiversity impacts, soil erosion

Life cycle analysis (greenhouse gases, fertilizers, pesticides ...)

» Socio-economics (agriculture and agrobusiness issues)

¢ A need for a better collaboration between science, agriculture, agrobusiness and energy
companies
» “Competences blending” is very necessary

TPA 395 TPA Toolbox Energy Book 7 — Renewables {9@
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Biomass & Energy Pathways

Purpose- Forest Agriculture Municipal Fuel wood,
grown and forest wasies™ crop residues,
residues prﬂcessing dung from harvestin
and scavenging

hﬂﬁigﬁ 1]

@D?&@@

Arirnal Chemical Materials l -

Teedstock

Global annual
primary biomass
demand

55.6 EJ

Modern
biocenergy Traditional biomass

l Losses Losses
396 TPA Toolbox Energy Book 7 — Renewables ‘9@
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INndustry

Buildings [

Source: REN21 2014

* Onganic solid and liquid wastas
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But, as biomass is the only renewable source able to produce liquids,
biofuels are more and more looked after

Ethanol and ETBE (Ethyl Tertio Butyl Ether) for gasoline

PrSe:gf;tsion Iso butylene Synthesis and
Ethanol / SUEE GEE purification > Blending with

A

A 4

Sugar beet of ETBE gasoline and

Fermentation
ETBE Cereals and distribution
Ethanol

Purification

Vegetable oils for diesel (VOME: Vegetable Oil Methyl Ester/FAME:
Fatty Acid Methyl Ester)

Methanol /
FAME/ Rape Seed Trituration Ethanol Esterification Blending with

Sunflower Extraction and purification Gasoil and
VO M E Soy,... Purification \ of VOME distribution
Vegetable Oil

A 4

A 4

Bioethanol + Biodiesel: so far a limited contribution (# 80 Mtoe 2017
World Consumption, mainly Brazil & USA) but a fast growing one
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Ethanol

Ethanol : cadre réglementaire et demande associée

Objectifs d’'incorporation en éthanol et demande estimée

'“"’_"_"%“ kbep/]
P _ BU 27
) 1600 EU 27
"Es Japon =
rJ (2015)
9 provinces) 1200
200 RO
e PN
Low ) 400
Bolivie N
Chili 'ES o
ES / 2004 2020 (est) Objectives US &
,-d’genﬁne (2012) EU 2020

Maote: Ex = x% dincorporation éthanol. Sowurce: IEA

USA et Brésil sont les principaux producteurs de bioéthanol

De nombreux pays d'Asie et d’Amérique Latine affichent des
ambitions de développement des incorporations de biocarburants

TP A 398 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Ethanol lignocellulosique

Biomass

'

r-nu- U

"1 (NREL)

N - o - .-

Milled biomass

————

W\ oo s e et

| Dilute Acid !

Heat, Enzymes, water

Hemicellulose l
hydrolysed Enzymatic
and cellulose hydrolysis
delignified l

Solid Residue
(lignin)

Monomer
sugars C5, C6

S

Bic ft

iomass after

steam explosion Hydroly_ ot after_
enzymatic hydrolysis

Heat, Steam

Ethanol

TPA
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Biodiesel

Biodiesel : cadre réglementaire et demande associée

Objectifs d’'incorporation en biodiesel et demande estimée

e
LN TS — kbep]
600

EU27
B EU 27
200
Mozambique B54 . |/ 2015 o
. (2015) Australie (New
Ao - Cusa usa
B7 Argentine (2012) g usa

Note: Bx = x% dincorporation biodiesel. Source: IEA =002 2020fest)  Objectives LS & EU

Développement du marché biodiesel dans les pays producteurs

d’huile végétale et dans les pays é@mergents suite 4 une tension
accrue sur les distillats

Soja et huile de palme : difficulés a passer les critéres de durabilité
édictés par les directives européennes

TP A 400 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Biofuels: why so much conflicting noises ?

TPA

Sharing Experience

ribune.com
Leading W§e debate. Beating the street.
! A\

!

820 Gessner Rd. - Ste. 920 Hollton, TX 77024

| 'Why dividends Make money The best way

HOW TO MAKE IT, HOW TO KEEP IT, HOW TO SPEND IT
Tsunami

Joe Klein: How
Watch: Aceh’s

Al Gore Could Save

MON EY ‘ ‘ E E K - IDE]'nocrats I 1
THE BEST OF THE INTERNATIONAL FINANCIAL MEDIA 1 JUNE 2007 ISSUE 335

Plug into green profits

2y

f to ash ifi on the

The
Clean

Ener
Mythgy

BY MICHAEL GRUNWALD
Politicians and Big Business
are pushing biofuels like
corn-based ethanol as
alternatives to oil. All they're
p really doing is driving up

:“‘"‘"":'I'" BN food prices and making
riveting read. I may no slobalsgaiming worse—
and you're paying forit

always agree with the views|
but the stories rarely fail to|

are better than from traffic jams  [to invest in the
share buybacks in India |art market llumllm
6 8 9 ¥771064103

! l"l3
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China’s Drive to
Become the World’s
Top Gold Producer
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Fuel for food ... and food for fuel.

TPA 402 TPA Toolbox Energy Book 7 — Renewables {9@
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Never forget the energy
and politics « linkages »

t,:ﬂ W‘% Muﬂ ' &iﬁ&' M 341

q n
"‘ Who would you
L e rather buy
U™ /) 4 your—gas
' P -2 vfrom?

i
swsmﬁwms ETHANOL sman

LAMAR

= e
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Due to resources limitations or conflicts with food markets,
2"d and 3" generation biofuels are needed

Biofuels 1st Generation

nouvelles

CONVENTIONAL BIOFUELS ('f €nergies
\Uis
N

Sugar beet ) ¢ <>

Sugar cane Fermentation ¢ ; v

\‘«_;\ ; e _‘-‘;‘ —_—

’ ’ 4 ) - = Gazoline
Sugars 4 Ny > 4 Hend

Ethanol "‘«:;_\\ P 4

Wh;:tt.a::rn. ~—3 Starch

.\

Transesterification

Rapeseed oil =

Sunflower oil S—
Vegetable oil methyl
esters or biodiesel

FoRR——

i

==
£
L & RE )
= E >

Hydrotreatment £ 4
Hydroisomerization 2 £ < ,/’/ (‘ 1

. £ - ~ %

g § (i Diesel or | &

Rapeseed oil £ kerosene blend ‘ R
Sunflower oil @ \n_”_'_‘_,_./

HVO
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Due to resources limitations or conflicts with food markets,
2"d and 3" generation biofuels are needed

Biofuels 2nd Generation

Future approaches ;'

Agricultural
(straw)
and forest residues

Cnfnn

Specific crops
(fast growth coppices)

( 'fPEnenglss
Q nouvelles

Thermochemical Svnthesi 6
approach sk Mix with gas ofl |
— Hydrocarbons =2 o¢ with kerosene |
(gasification) .

approach

Biochemical @
Fermentation /
' Mix with gasoline

Sugars /
(enzyme hydrolysis) Ethanol

0,
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Due to resources limitations or conflicts with food markets,
2"d and 3" generation biofuels are needed

Biofuels 3rd Generation

MICROALGAE BIOFUELS

p—
Transesterification 1
>

X! e
t' : - e
i Algal oil ester / | &4

Biodiesel Diesel >/§
: blend ! ‘orec

Algal oil —
> N\ e
Hydrogenation - =

= Hyd b
- = ydrocarbons ——
blend
. —_— Algae cultivation |
oy i\
Microalgae P‘n 5‘-—’)‘\ L Y\ Biochemical approach ;
“ . Y (enzyme hydrolysis) ~ ::;;’Z‘?"—}?‘
- X . - é‘"'—“
> 7 Fermentation g —
==y —_—— g 2 —}G . ><
azoline %
Sugars Ethanol bisnd are
- . =
Thermochemical approach | ¥ (Hydro)Treatment /// |
(liquefaction) > .- —_— —_— /<
J Diesel s
Bio-oil blend ey
Hydrocarbons >3 @o
~
= =
(‘fPEnGI‘g/GS Kerosene >°//§'
i} nouvelles blend
v,
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Agriculture: main types of Feedstock: 1st Generation 1G

= WA Y

O
b
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Main types of Feedstock: 2nd Generation 2G

\Waste Strtch SIU‘. | te/reS|dues fr pf(50|g

vegetable oils

408 TPA Toolbox Energy Book 7 — Renewables {9@
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Main types of Feedstock

: 2nd Generation 2G

TPA

Sharing Experience

Barley Straw Cotton Stalk Coffee Husk Rape Seed Straw

,w 4& %

Q

Agricultural Residues
Lignocellulosic
Biomass

,;(-éi 4 '.y

PSS IS el

Rice Straw

Ragasse Corn Stover

Agricultural residues

Waste/residues from processing

Wood processmg waste vegetable oils

Forest residues

0,
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Main types of Feedstock: Algae 3rd Generation 3G

— ¢ Advantages
= No land use and available marine
== surfaces

r 101

,l'l.‘

= High Lipid and Oil content

- -

-
\~
-

¢ Disadvantages

= Not mature yet
« o scale plant
. Contamination in open system

oA A LI

« Energy intensive

410 TPA Toolbox Energy Book 7 — Renewables {9@
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2"d Generation Biofuels Commercial Projects

¢ Beta Renewables: Crescentino Italy, 80 Million liters/year
¢ Indian River County BioEnergy Center: Florida, 30 Million liters/Year

¢ Futurol: Project started in 2008. Production of ligno-cellulosic bio-
ethanol. 11 Partners: Total/Tereos/Ademe France/Axens/Bpifrance, ....
Commercial target: 2016. Pilot plant of 70t/d, Bucy, France. Capex = 76
ME€.

¢ Project Liberty: Emmetsburg State of lowa USA 75/100 Million liters/year,
250 000 T biomass treated by BioTechnology. Partners: POET-DSM
Advanced Biofuels (USA-NL). Capex: 275 M$. Financing: DOE (100 M$),
State of lowa (20 M$), USDA (3 M$)

TPA 411 TPA Toolbox Energy Book 7 — Renewables {9@
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Impact of Covid-19 in 2020

Biofuels Production Perspectives. A 2006 vision — A Growth well anticipated

3.0

2.0

0.5

Global Ethanol / Biodiesel Production

Million b/d 2000 - 2025

2.5 —

Billion

Ethanol + Biodiesel:

I ROW Biofuels — . .
£ EU Biofuels # 85 billions litres expected in 2010

m Brazil Ethanol | VS 100 billions realized
2 US Ethanol Production 2024: 193 billions litres* —»

Ethanol : 121 billions litres

1.5

1.0

Biodiesel : 72 billions litres

3 main producers:
US, Brazil (Ethanol)
EU (Biodiesel)

0.0 -

c s

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 201

litres

150

— 100

2020 2024 325

Source: Petroleum Economics Ltd, London 2006
TP Data from IFPEN For 2020, REN21 2025 for 2023 *Including HVO

Sharing Experience
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Biofuels Long Term Perspectives
TotalEnergies Scenario

WORLD BIOFUEL SUPPLY IN 2040

Mboed Mboed Benchmarks

8 in 2020 in 2040

Disruptive techno TRL <7 Algae, syngas, efuels, - 1.2 7.5 es WEO 2019,508"

& Advanced/RCF™* TRL:7 3‘::‘:’_"53?'.;'95';3”"“'”“’ . 0.8 # 490 billion litres

Sustainable Aviation Fuels All feedstocks / pathways - 05 \

Marine + Rail All feedstocks 0,02 0.1 i 5.9 @ i

Waste and residue ;(jg‘::‘:::D 555 0.15 0.4 Disruptive

1G diesel Palm, soybean rapessed 0,7 1.2 AR 4‘8‘ o \B\::_soe :JL!I)T:eSQ?ILZ?'-spc-
4 - 1G gasoline Beet, cane, com, wheat 1.1 1.8 =

" 0' arbon transpon

- 3 ExgonMobil
—YWaste & Residues

# 130 billion litres

1G Gasoline +2%lyear

2010 2015 2020 2025 2030 2035 2040

= Base Case Road from 2 Mboed (2020) to 4.2 Mboed (2040) corresponding to 10% of road fuel demand
= Demand increase mostly covered by 1G biofuels growth in Asia and America
= Still need for 0.8 Mboed of advanced technologies

= Base Case Jet: 0.5 Moebd by 2040 corresponding to 5% of jet demand

TP A 413 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Ethanol & Biodiesel Production

Global Production of Liquid Biofuels, by Fuel Type, 2010-2024

Global liquid biofuel production reached nearly 193 billion litres in 2024, with
renewable diesel and biojet fuel recording the fastest growth rates

) Bioethanol P Biodiesel (FAME) @ Renewable diesel @ Biojet fuel
Billion litres

20
HVO

50

150
123

100
50
L]

2010 2011 2012 2013 2014 2015 2016 2047 20018 20219 2020 2021 2022 2023 2024

Seuprce: Wesrld Bicenergy Associaticn, 200 G #x REMN21

Note: HVO = hydrotreated vegetable oil; HEFA = hydrotreated esters and fatty acids; FAME = fatty acid methyl esters

TP Source: REN21 - Renewables Global Status Report 2026 414 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Bioelectricity Capacity by Regions 2014 - 2023

A regular Growth

Gigawatts
150

125

100

B Cceania
B Africa
B rorth America

B Latin America

7B — B Europe
Asia
50 —
25 —
\
P Y4

0

20014 2005 2016 2017 2M8 20M9 2020 2021 2022 2023 —’

Source: REN21 - Renewables 2024 Global Status Report 415
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Biofuels Long Term Perspectives
Vision IRENA 2020 Scenarios

Indicator Historical progress ~ Where we are heading ~ Where we need to be
2015-2017/2018/2019 (- PES/2030 and 2050) (@ TES/2030 and 2050)

092 bin ftr
Liquid biofuel 985 h3|9|? bll
poduction 199 135 iy oM I
(bin litres) bin Itr bln Itr

Y
0 N0
2015 2017 2030 2050 EDSD 2050

PES : Planned Energy Scenario = Primary reference case

TES : Transforming Energy Scenarion = Keep rise in global temperature to well below 2°C and towards 1.5 °C during this century (COP 21)

Source: IRENA 2020
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b

Sharing Experience



Sustainable Aviation Fuels (SAF)
Qualification Process

ASTM
D7566  Abbreviation Conversion process Possible feedstocks Blending ratio (volume)  ATSM Qualification
Annex
Fischer-Tropsch hydroprocessed
] FT-SPK synthesized paraffinic kerosene  Coal, natural gas, biomass ~ 50% Sep-2009
(syngas to kerosene)
Synthesized paraffinic kerosene Vieaetable oils and fats
2 HEFASPK; PO N IprocKiad animalat (tallow) recycled  50% Jun-201
ers and fatty acids (lipids from ils (UCO), a
plant and animal sources ) . 1 IR
Synthesized paraffinic kerosene .
3 HESSIP produced from hydroprocessed  Clomassusedforsugar a0, Jul-2014
production
fermented sugars
Synthesized kerosene with
aromatics derived by alkylation

4 FT-SPK/A of light aromatics from Coal, natural gas, biomass ~ 50% Nov-2015
non-petroleum sources (syngas
to kerosene and aromatics)

Alcohol-to-jet synthetic

paraffinic kerosene (through Biomass used for starch and

dehydrationfof the alcoholtoan  sugar profduction, cellulosic Apr-2016 for
olefinic gas, followed by biomass for isobutanol 309 isobutanol 50% :

2/ R LS oligomerization to obtain liquid  production, ethanol. ethanol lEs::‘butalnol palfiok
olefins of a longer chain length,  Category can be expanded to L
hydrogenation and include any C2-C5 feedstock
fractionation)

TPA Source: IHS 417 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



A Zoom on Biofuels Development Scenario in
the Framework of European Union Targets

TPA 418 TPA Toolbox Energy Book 7 — Renewables {9@
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EU: The Key Drivers - 3x20% by 2020
European Council March 2007, integrated in tle law in 2009

10 % 2020
binding

NATIONAL TARGETS and ACTION PLANS

TPA Toolbox Energy Book 7 — Renewables
TPA ;
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EU: The Key Drivers - 32%x40%x32% by 2030
New objectives of European Council 2018, for the period 2021-2030

1st Generation Biofuels
frozen at their 2020 level

and < 7%
Palm Oil: 0 as from 2030

> Other modern Biofuels
and Biogas > 3,5% NATIONAL TARGETS and ACTION PLANS

TPA Toolbox Energy Book 7 — Renewables ‘_@
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New objectives of European Council 2021
-55% GHG Emissions by 2030 vs 1990

A broad legislative
package to align existing
EU policy with the new
emissions reduction

goal of 55% by 2030.

0,
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Biogas/Biomethane

TPA 422 TPA Toolbox Energy Book 7 — Renewables {9@
b

Sharing Experience



Anaerobic digestion process

Bi Valorization
logas
45% o
Methanization \ @ — &
Anaerobic fermentation (no .@ _— > Heat
oxygen, controlled temperature) @ @ +
Electricity

Cogeneration
Fermentable

matter )
¥ Livestock effluents

& Crop residues,
E Household organic waste

Purification

l Injection

1|o=fB=n|i

Biomethane ——» ‘Ej Fuel

*  Materials*
x (chemistry)

Industrial organic waste (agroindustry,
paper, chemistry, etc.)

’ Green waste,
&ég Sewage slud " Heati t
g ge, S Heating

+ o Digestate > n Fertilizer
Electricity (mixing)

* as a feedstock for plastic chemicals and source for methanol, ammonia, acetic acid formaldehyde, renewable hydrogen

423 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Methanization Unit

—

fw

424

R o .
L O i
- \

- T — -"’,

el ——

‘\
R i ——

- - —
- -‘.
-

-
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Multiple advantages of methanization

> A continuous source of energy

> Load factors: > Share of biogas in total gas
GJ Solar # 15% ‘//)l consumption should be about
wind # 24 % 10% in 2030
3%
A4 _ > Sustainable source of energy
» Alow-carbon gas
w =
~
KL) > Resilience for local territories
» Constant and reliable cash
generation
% > Multiple sources of revenues:
U Reliable and sustainable waste
marllagement e " é > Many actors and stakes
U Recovery of digestate
U Additional revenues for farmers

TPA 425 TPA Toolbox Energy Book 7 — Renewables {9@
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Methanogenic Potential depending on
Feedstocks

Methanogenic
power m3/t RM Water content has a major 3 Existing logistic
impact on logistic costs =7 Logistic to be organised 250 - 780
800 — 50 - 7.
700 [ Available for biogas
600 production
Other extinsting uses
500
B Not available for biogas
400
300 35-220+
- ) 45-180
0o —__gleTe - i [ ]
ANIMAL RESIDUES HOUSEHOLD AND ~ PROCESSED ENERGETIC CROPS  INDUSTRIAL  GREAT CULTURE
(manure, SLUDGE  COLLECTIVE FOOD BIODEGRADABLE CREENWASTE =0 o o ediate  FOOD WASTE RESIDUES OIS ASND
slaughterhouse) BIOWASTE WASTE crops) (cereals, beets, rape, FAT
etc.)
- -
Gl “Lﬂ " Y @ w Y }
ﬁ : = £8 /P M V (] e i '
o - Sl il
Hygienisation needed Hygienisation needed
I I Potential (TWhly) 22 / 12,5 / 1-2 6,5 (cover crops) 2 23 Marginal
- Potential (TWhly) 14 - 40 50 (cover crops) 14 — 140* Marginal

* depending on hypothesis, 5 % to 50 % of great culture residues can be used

TPA 426 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Total acquires Fonroche Biogaz

Sharing Experience

Paris, January 11, 2021 - Total announces the acquisition of Fonroche Biogaz, a company that
designs, builds and operates anaerobic digestion units in France. With close to 500 gigawatt-
hours (GWh) of installed capacity, which doubled between 2019 and 2020, Fonroche Biogaz is
today the French market leader in the production of renewable gas with more than 10% market
share thanks to a portfolio of seven units in operation and a pipeline of four imminent projects.

L e N Y

N S s R - o
oL B o s Ty j g £35S
Y B L, = Sl s T

Rl 20
& g

Draing on te expertise of it 85 employes, Fonroche Blogaz has developed ndusingl and
technological experfise across te entrsrenewale s value chaln, s ntegradon marks
signifantstap n Totas evelopment on e renenable gas merkef, Wi prospecs for rapi
(rowth on the French market and for intermatonel Ceployment
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Biomass - Total involment

Thermo(blo)chemlcal

BioTfuel m It o manu
In iy ivl [y

BioDME

Biochemical li
= |

Equity interest; conversion of sugar
into automotive fuel and chemicals.

.Joinlvetuuratopvoducebbplasﬁc
from polylactic acid (see Plastics
soction).

Equ!tylm oomevalonofsugar
to butanol for automotive fuel and
pelmnicalmplicaﬁons.

Photosynthetic algae
' R&D partnerships.

TP A 428 TPA Toolbox Energy Book 7 — Renewables ‘9@
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R&D Partnerships — Total involvment

Total Energy Ventures: Total’s Affiliate in charge of
Capital-Risk and Start-ups development.

Since 2008, participations in 18 start-ups companies.
End 2014, Total became shareholder of the Californian

Company Nexsteppe, established in 2008, specialized in
R&D activities in biofuels and bioproducts.

TPA 429 TPA Toolbox Energy Book 7 — Renewables (9@
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BioTfuel Project - Total involment

Pilot production of bio-gasoil and bio-kerosene (2"? generation) at
Mardyck, North of France (BtL). Feedstock: lignocellulose, wood.,....

The pilot production site is located on the site of the ex. Dunkirk
refinery.

Process by thermochemical pathway: production of syngas (CO +
H2), followed by Fisher-Tropsch conversion. Gasification unit (15
MW)

Partners: Total, Axens, IFP EN, CEA, Avril & ThyssenKrupp Industrial
Solutions

Cost: 180 M€ (Out of which 33 M€ public funds). Construction 24
months, Start-up: 2017.

Full scale potential project: 800 MW, 200 000T/year production?

430 TPA Toolbox Energy Book 7 — Renewables 9@
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BioTfuel Project - Total involment

Location:

- Pre-treatment: Avril site in Venette, France

- Gasification, purification and synthesis: Total site in
Dunkirk, France

Partners: Axens, CEA, IFP
Energies Nouvelles, Avril, ThyssenKrupp Industrial
Solutions, Total

target date to demonstrate the
2020 technology

TP A Source: Total 431 TPA Toolbox Energy Book 7 — Renewables ‘9@
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BioTfuel Project - Thermochemical Process

3 PRETRAITEMENT J

CHARGE
HYDROCARBONEE
S COTRAITEMENT)

TP A 432 TPA Toolbox Energy Book 7 — Renewables ‘9@
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AdBlue is an additive used to reduce nitrogen oxide (NOx) emissions from diesel engines (trucks and passenger

La Mede - Total’s first bio-refinery

Location: France

Partners: TotalEnergies

Main activity: renewable diesel production

Other activities: AdBlue® production, logistics and

storage hub, training center offering real facilities, solar

power generation, planned production of low-carbon
hydrogen
Commissioning: 2019

vehicles). The AdBlue® production unit at La Mede produces 50,000 metric tons per year.

TPA

Sharing Experience

15t world-class biorefinery in France

Source: TotalEnergies

433

Spain

e Paris

France

eMarseille
La Mede

0,
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La Mede - Total’s first bio-refinery

» Production of hydrotreated vegetable oil (HVO) biodiesel.
» Raw materials: used oil and vegetable oil.

» Additional production: bio-naphta and bio-jet fuel.

» Expected production: 500000 t/year

» Start of production: 1st quarter 2019

TPA Source: TotalEnergies 434 o TPA Toolbox Energ Book 7 — Renewables ‘9@
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La Mede - Total’s first bio-refinery

Diverse biosourced feedstocks
with an increasing share of waste and residues

S

(Certified rapeseed aoll,

QA
G:ﬂ & Residues

sunﬂuwer oil, palm oil) Increasing
share
f ified
Authorization® Cammitrment Autharization™* ?\E::::m
Max. = 450kt Max. = 300kt Min, = 25% residues
{kt) — )
Commitment >25% »25% >25%
Max. = 100kt
260
205 171 Authorization* 25%
168 115 Max. = 100kt
{kt}' — (kt)
I I 86 93 I 50 .ﬁuthurlzanon“ 6%
H B o, N
Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved Achieved
in201% in2020 in2021 in2022 in2023 in2019 in2020 In2021 In2022 In2023 in2019 in2020 In2021 In2022 in2023
[starting [starting (starting
year) yaar) year)

* The eiseratieg pemii from My 1690 2078, updated May 20d 2022, authorisss TERF 10 proceas annually 450000 tang of e vegetable oil of any kind

** The cperating pammit fram May T&th 2018, updated May 2nd 2022, limis, from 2022, the supply of the blaefinery in certified palm ol to 100 000 fors per year and forbids any palm ol and PRAD from .January 15t 2023

= The apersting permat fram May 16th 2018, updated hay 2nd 2022, suthanses TERF to process ancualy ot least 25 % of waste and residues resouross (Fatty acid distillate, used cocking il or athes trighceride Fatty acid resources bsted in danes 13 of the EU Dirsctive
an the prormodion of the uae of enengy from rersswalde sources (RED 1) or category 3 animal Tath

TPA Source: TotalEnergies 435 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Grandpuits — Galaxie/Biojet ——

TotalEnergies

6

France
Grandpuits FID

Refinery 0 7/26/2022

Operated 11/2025
CAPEX Status

.F’.roduct?on-of 376 me Execution ongoing
Biojet & Biodiesel ITE share

50.1 %

TP A 436 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Biomass - Total involment
Biochemical & Phototrophic Pathways

A TWOFOLD INDUSTRIAL CHALLENGE

] IDENTIFY the most efficient transformation technologies
DEVELOP a range of products for transportation and chemicals

. Q TRANSFORMATION
o2 INTO BY-PRODUCTS
PHOTOSYNTHESIS a8

- F
' ﬂ BIOETHANOL
- MOLECULES OF

l-ﬂ -.\ INTEREST
Sﬁg{ BIQCHEMICAL PATHWAY B CASOLINE
SUGAR AND s EXTRACTION FERMENTATION BORLTAMOL ADDITIVE
STARCH ' WITH GENETICALLY- 4
s - MODIFIED BIO-JET FUEL
FLANTS cane MICROORGAMISMS -
Grams’ SUGARS r FARNESENE
y ‘ BIODIESEL

CELLULOSE :%Jaueﬂ-

Energy ‘
Crops

—y

{miscanihus) "~
McROALGAE (- Microaigas & ]

TPA Source: Total 437 TPA Toolbox Energy Book 7 — Renewables ‘?@

PHOTOTROPHIC PATHWAY -

=,
LACTIC ACID
Agn{:ultural J', HE % LUBRICANTS
LIGNO- sua“. \ f DECONSTRUCTION - JBEL FUTUROL .
S

nll
SELECTIOM AND GENETICS - Cellectics :
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Biochemical Pathway: getting the energy of sugar

(rop  Plantcells Main wall of plant cells Sugar molecules

EXTRACTING |
LIGNOCELLULOSIC Y Hemicellulose

SUGARS FROM
THE PLANT

TP A 438 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Amyris at a glance

Amyris at a glance

Who is Amyris?
Created in 2003 on the basis of Prof. Jay Keasling
research work (UC Berkeley)
Mission: produce terpens « on demand », based on its
versatile synthetic biology platform
Proof of concept with artemisine (paludism drug) in 2005
Facilities

- 5 R&D and pilot sites (cells to 5 kl -US,

Brazil) i
- 3 toll production ( US — Brazil — Spain) Family 0_’;
- Industrial plant planned in 2012 (6x 200 ki - oo
Brazil)
Sugar Cane Amyris genetically Can mill
Employees engineered yeast
300 employees (~50 in Brazil)
Capital
Raised money IPO (Oct. 2010): 85 M$
IP portfolio
6 granted patents (diesel, jet-fuel, lubricants,
adhesives, synthetic biology) and 23 pending
applications
439
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Amyris expertise

.i‘«F'-"l\"lew EXPERTISE: SCREENING AND ENGINEERING
AYEAST STRAIN USING SYNTHETIC BIOLOGY

DNA Analysis
Identify the best hiolugiul rnhmy Molecular Biology
10 preduce the target mo

Engmeer a |arge number
OF S1raens using
this biclogeal pathway

screening
lest the most efficient
s for producing
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From microalgea to Molecules of interest

BUSY MICROALGAE FACTORIES,
PRODUCING LIPIDS THAT

CAN BE CONVERTED DIRECTLY
TO FUELS OR LUBRICANTS

& BIO-JET FUEL
BIODIESEL

n % LUBRICANTS

an TPA Toolbox Energy Book 7 — Renewables ‘9@
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3rd Generation/Microalgea — Pilot Projects

Pilot production of oil products from algea conversion started in
Australia. Operator: Muradel

The pilot production site is located at Whyalla, southern Australia.

Process by Green2Black technology, developped by Muradel.
Conversion of biomass algea produced on the site, other types of
biomass and organic waste into liquid fuel by hydrothermal
liquefaction without catalysers.

Cost of the Pilot: 4,4 M$ financed by Australian Agency for
Renewable Energies and other sponsors.

Full scale potential project: Production of 80 Million liters, i.e. 500 000
barrels of petroleum per year in 2019.

Total and Airbus join efforts in R&D. Target: 2020/20307?

442 TPA Toolbox Energy Book 7 — Renewables 9@
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Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments —
Potential/Diffusion/Network — Subsidies — Intermittency —
Competitiveness — France PPE — Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy
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Geothermal
fundamentals
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What is Geothermal?

Geo: earth and Therme: heat. Rainwater

Direct use application: bathing,
cooking, space, heating, etc.

Indirect use as electricity.

Benefit: clean, renewable and
environment-friendly sources.
« CO, credit

Early detection of potential
location

= surface manifestation

« Hot spring/pools/lake, steaming
ground, geyser, etc.

« associated with presence of volcanic
activity. Hot Rock

447
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The four categories of geothermal energies
for three different usages

¢ The « classical » steam or hot water geothermal.
(associated with volcanic activity)

¢ The low temperature geothermal energy
¢ The surface geothermal energy = heat pumps

¢ The dry rock or deep geothermal energy

¢ Ground sources Heat Pumps
¢ Direct Heat Usage

¢ Electricity Generation

TPA 448 TPA Toolbox Energy Book 7 — Renewables {9@
b
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World classical geothermal

Plate Boundaries

PHILIPPINE
PLATE

“Ring of Fire”

0,
b
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Geothermal Energy — Main types

Key parameters: Aquifer thickness, permeability & NTG

Geothermal energy
Main types

aquifer

1000 Pump

Injection
Well

Production
Well

4000 —

Natural
Fault Zone

6000 -

TP A Source: Nicolas Nosjean 450 TPA Toolbox Energy Book 7 — Renewables
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Geothermal in total Energy Demand - less than 1%

Shares of clean energy technologies in total energy demand, 2023
9%
8%
7%
6%
5%
4%
3%
2%
1%

0%

Modern MNuclear Hydropower Wind Solar Geothermal Clcean
bicenergy

IEA. CC BY 4.0.

Motes: Values exclude geothermal heat harmessed by ground-source heat pumps, which is not included in official IEA
statistics. However, estimates of geothermal heat from ground-source heat pumps derived from modelling are included in the
heat discussion below, as well as in the outlook section. "Modern bicenergy” includes all bioenergy in the form of liquids
(ethanol, biodiesel and biojet fuel), gases (biogas and biomethane) and solids, excluding the traditional use of solid bioenergy
such as a three-stone fire or basic improved cook stoves (IS0 tier = 3), often with no or poorly operating chimneys.

Source: IEA (2024), World Energy Balances.

TP A Source: The Future of Geothermal Energy — IEA April 2025 451 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Geothermal Energy Consumption by application & countries

Total final geothermal energy consumption by application, world (left), and top 10
consuming countries (right), 2023

14 EJ _ 600 60%
(=9
500 50%
400 o 40%
300 30%
200 20%
100 10%
O
0 0%
C}%“(& '5@% .:i-ﬂa ¢ e:-é"b \'ﬁg Qe? \'a-c'b ‘&@ \‘:@'GJ
P P N S A A R
S <®
OElectricity ~ OHeat O Geothermal share in country's TFC
IEA. CCBY 4.0.

Motes: TFEC = total final energy consumption. EJ = exajoule. PJ = petajoule. Heat consumption includes an estimate for
ground-source heat pumps that is not included in IEA direct heat consumption statistics.

Sources: |EA (2024), World Energy Balances: IEA (2024), World Energy Outlook 2024.

TP A Source: The Future of Geothermal Energy — IEA April 2025 452 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Geothermal Electricity Generation by countries — Kenya n°1

Geothermal electricity generation, 2003-2023 (left) and geothermal shares in selected
countries’ electricity supplies, 2023 (right)

= 100 0.35% -
E O_\_O(_____._—Jf} Kenya
80 - 0.30% Iceland
0.25% El Salvador |
60 - 0.20% New Zealand | |
Nicaragua |
40 0.15% .4
Costa Rica |
20 - 0.10% Philippines [T
0.05% Indonesia [
0, . . . 0.00% Tarkiye [

_ 2003 2013 _2[!23 _ 0% 0% 20% 30% 40% 50%
== United States mmm Indonesia 3 Turkiye Share in total electricity generation
== FPhilippines — New Zealand — Iceland
e ltaly = Kenya B Mexico
— Japan —RoW —0— Share in total generation

IEA. CC BY 4.0.
Note: RoW = rest of world.
Source: IEA (2024), Warld Energy Balances.
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Geothermal Capacity Factors among the best worldwide

100% :
e
B
T 80%
=
E Notes: Capacity factors are five-year national
= S averages (2019-2023). Bubble size is proportional to
E country shares in global
@ installed capacity for each technology. Capacity
E} factors describe average output for the year relative

to maximum rated power capacity.
’?g 40%
- -
= v
= 20% &
o e
z £
0% - -
Solar PV Onshore Offshore Hydro Bioenergy Geothermal

wind wind

TP A Source: The Future of Geothermal Energy — IEA April 2025 454 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Geothermal Energy used for heating & cooling

Direct and indirect geothermal energy consumed for heating and cooling by
application, world (left) and top 10 consumers (right), 2023

600
Agriculture and fishing Industry and other _ 200
4% 1% 2
_ - 160
Direct residential and
commercial use A00
9% 120
300
80
200
100 40
o = o
: 2 2§ E 2§ 8 8 %
= £ g § £ &5 8 ¢ f
5] =1 = - = =
(= cu L 8 =
B Geothermal heat pumps B District heat B Direct residential and commercial use
O Agriculture and fishing B Industry and other
IEA. CC BY 4.0.

Note: “Direct residential and commercial use” includes space and water heating, bathing and swimming, and snow-melting.

TP A Source: The Future of Geothermal Energy — IEA April 2025 455 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Geothermal Energy LCOE is competitive

Typical LCOE range for renewable power technologies, 2015-2023

= 350
% 300
?
= 250
£
S 200
£
Ll
g 150 . L
— 100
* * L 4 L 2
0
2015* 2023 2015 2023 2015 2023 2015 2023 2015 2023**
Geothermal Utility-scale PV Onshore wind Offshore wind Hydro
O 5th to 95th percentile range +Weighted average

*Projects commissioned in 2010-2015. **Projects commissioned in 2019-2023.

Sources: IEA analysis based on data from IRENA.

0,
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Geothermal Energy Investments is much more important for
direct use than for Electricity Generation

Global investments in geothermal power plants and in direct use, 2010-2023

Geothermal generation investment and share of total investment

o 25 1.0%
wl (7]
- R -1
S 2.0 - _ 08% §
= B N — ]
‘. I
15 A . B 0.6%
- * ]
- * -
1.0 * 0.4%
> s &
*| | L 3
05 0.2%
D.D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 DDD}."’G

I U I I - T T I S 1 -

SIS S I BNy iy I, L g
RN S RIS

Olinvestment < Share of total renewable energy investment

Source: Analysis based on |[EA (2024), World Energy Investment 2024 .

TPA Source: The Future of Geothermal Energy — IEA April 2025 457
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Investment in direct use of geothermal
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Geothermal Power Capacity for Electricity Generation is
planned to increase substantially

Projected global conventional geothermal power capacity and electricity generation
shares by scenario, 2023-2050

Total installed capacity Share in electricity generation
% 120 < 1.0%
100 Global viable economic potential
0.8%
80
0.6%
60
0.4%
40
0 —.' T 0.0% T T T 1
2023 2030 2040 2050 2023 2030 2040 2050
OSTERPS BEAPS STEPS =—APS

IEA. CC BY 4.0.
Motes: STEPS = Stated Policies Scenario. APS = Announced Pledges Scenano.
Source: IEA (2024), World Energy Outlook 2024
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Geothermal Energy use for Heating is planned to increase
substantially

Increases in direct conventional geothermal use in the Stated Policies and Announced
Pledges Scenarios, 2023-2050

Increase in final consumption of geothermal heat Increase in geothermal heat consumption in
1400 1.0% selected regions, STEPS, 2024-2050
1 200 09% o 700 25%
a 0.8% 600 5 0%
1 000 0.7% 500 )
0.6%
600 o] - 04% 300 1.0%
400 0.3% 200 -
0.2% o
200 010 100 i o 0.5%
0 0.0% 0 : B mm O wm 0%
2024-30 | 2031-50 | 2024-30 | 2031-50 China United EU Other Japan RoW
STEPS APS States Europe
B Industry and other B Change in final geothermal heat consumption

O Agriculture and fishing
O Residential and commercial, incl. district heating
O Share of geothermal in total heat consumption at penod end

O Share of geothermal (excl. GHFs) in total heat
consumption in 2050 (nght axis)
IEA. CC BY 4.0

Motes: STEPS = Stated Policies Scenario. APS = Announced Pledges Scenano. RoW = rest of world. GHPs= geothermal
heat pumps. Residential and commercial heat figures exclude geothermal heat pumps.

Source: IEA (2024), World Energy Outlook 2024

TP A Source: The Future of Geothermal Energy — IEA April 2025 459 TPA Toolbox Energy Book 7 — Renewables {9@
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Technology
Example of a Closed-Loop Geothermal system

Eavor- e Location: Geretsried, Bavaria, Germany
(Eég\c:o| :.3) e Completion date: Scheduled for 2027

for the overall project — drilling started in
2023 and power generation from the first
heat exchanger is expected to start in the
first half of 2025, while drilling for other
exchangers continues.

. Design: Four subsurface heat
exchangers (called “Eavor-Loops”), each
formed by twenty-four 3 500 m-long
lateral wells drilled from the base of two
4 500 m-deep vertical wells and
connected in pairs (totalling about
320 km of drilling length for the whole
project), using water as working fluid,
circulated by thermosiphon.

Expected output: 64 MWmwn / 8.2 MWe

Source: Eavor Technologies, 2024

TP A Source: The Future of Geothermal Energy — IEA April 2025 460 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Market potential for next-generation Geothermal Energy
Questionable?

Market potential for next-generation geothermal power capacity and industrial heat by
region, 2025-2050

Installed capacity Industrial heat

800 10 000
= o
U]

600 7 500

400 5 000

200 ﬁ 2500

2025 2030 2035 2040 2045 2050 2035 2050

OChina ®United States OlIndia @Southeast Asia OEurope B Rest of world

IEA. CC BY 4.0.

Shari

nnnnnnnnnnnnn
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Geothermal Technologies

Ground Source Direct Electricity
Heat Pumps Heat Usage Generation

15 degC
<500m

55-100 degC
1000-2000m

>100degC

3000-5000m

TPA
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Source:

EVOLEN Journées annuelles 2023

Lurope

Morth America

China

2022 Installed Capacity [GW]
16 16

ﬁ
T HE

ow BICEE g

Ground Source I hermal Direct L lectricily |GWe|
Heal Pumps [GWI] use [GWI]
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Geothermal Power Plant Technologies

Dry steam plant Flash steam plant Binary cycle plant

@
t t o
| v
Generator 5 Generator 5 =
| -
— @ — @ S |+ Generator
Turbine =+ 3 —» Turbine =+ 3J —
= = .
S 5 S Heat == Turbine
o exchanger
S
a
wl
Wellhead Woellhead Wellhead Waellhead Wellhead Wellhead
‘L\.\\'\‘\\‘\‘\\'\‘\ T, Th e o e e R TR R e T T Th, o R T, Th e e,
Ground surface o Ground surface c O Ground surface c
A= =2 = =
v o = v
a ar (= ar
= = =
t 3 2 8
iy g - i)
= = =
wy vy Wy
O e £
X a Y I a  ulK &
—- - —- . — -
AR, Vol RN Pl e
BN Geothermal water B Geothermal water B Geothermal water
Geothermal steam Geothermal steam e Working fluid (vapour)

S Working fluid C(liguid)

Based on: USGS (2003).

Source: IRENA 2023 — Global Geothermal
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Ground Source Heat Pump

O
b
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Growth of installed Geothermal Electricity Capacities

18000 -
16000 —

=
14000 -
12000 -

10000 -

8000 -

6000 -

4000 -

2000 - I I
0 — . .

1970 1975 1980 1985 1990 1995 2005 2010 2015 2020
m Asiaand Oceania = North America m Eurasia Latin America = Africa and Middle East

Installed capacity (MWe)

Source: [ hinkeobnergy statistics, |hinkizeobnergy (20Z220), Huttrer (Z20271), Uihlein (2018), and Bertani (Z2015).
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Installed Geothermal Electricity Capacities by Regions

Africa and
- Middle East
" R L America Asia and
“ p 1.8 GW&,‘ 1% Oceania
y LI9\M ! \) 5.9 GWe; 37%
5.9 GWe,
‘i [ |
0'9 Gwe 1 ,t' 1 Eurasia
\!E” 3.5 GWe; 22%
1.8 GWe %y
o North
} America

3.7 GWe; 24%

Source: IRENA, 2022a; ThinkGeoEnergy, 2022 (b); Huttrer, 2021.

Note: The red zones on the map indicate high-temperature geothermal zones. The black symbols indicate geothermal electric
plants, many of which are located in high-temperature zones. The geothermal regions used in this report were selected based only
on the occurrence and development of geothermal resources, not on political or socio-economic considerations.

Disclaimer: This map is provided for illustration purposes only. Boundaries and names shown on this map do not imply any
endorsement or acceptance by IRENA.

Source: IRENA 2023 Global Geothermal 466 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Geothermal Electric plant in Japan
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Top 10 countries for Geothermal Capacity (MW)
Year 2023

Megawatts
3,000
- 14798 o
i megawatts  Total
2500 —| 57 in 2023
2000 — —
B Annual additions
1500 —0 | — 0 — — Previous year's
capacity
1,000 -5 -
500 — — — — — — — — — _+4 _
v A
& 4 . Yt B o %, 4 F
o, %, % % 8T R % Y R S
5 G i:l,;:', - o o o
% @ €y A %
% o o
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Geothermal Usage & Capacities by types (TJ & MW)
Heating & Cooling

1200 000 — 120 000 —
-
T
=
— —
C 1000000 — :100 000 —
= =
= =
o =
O o
S 800000 — S 80000 —

=
o ]
oD s
= =
e @
o =
a [C
= 600000 — + 60000 —
o =
= o
i =
E S
2 400000 S 40000 -
= =
4 o
5 £
S 200000 — ™ 20000 —
= / £
",'u' / X
A0
35 )
0 T I I T | o 1 I | ] | |
1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020
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Source: Lund and Toth (2021).
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Geothermal Direct Use by Countries (GW)
Year 2023

Terawatt-hours
150

130
125

100

75

Direct use of
geothermal heat

0

TP Source: REN21 - Renewables 2024 Global Status Report 470 TPA Toolbox Energy Book 7 — Renewables ‘_@

50

%8 30,5

25

97 83

China  Turkiye Iceland  Japan Rest of
World

0,

Sharing Experience '



World classical geothermal
Installed Capacities & Resources 2023 (MW)

Installed Capacities

So Called Ressources

The big 6 Country
USA 2700 Indonesia 29.000
Indonesia 2400 USA 12.000
Philippines 1900 China 6.000
Turkey 1700 Philippines 6.000
New Zealand 1000 Africa 6.000
Mexico 1000 Latin America 3.000
10 700 Europe 2.000
Russia 1.500
Others New Zealand 1.200
Italy 800 65.000
Kenya 1000
Iceland 800
Japan 400
Rest of World 1200
4300
TOTAL Word 14 900 65.000

Source: Data from IRENA, ThinkGeoEnergy
REN21 2024 GSR/Rounded figures

TPA 471 TPA Toolbox Energy Book 7 — Renewables {9@
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World Outlook — Geothermal Producing Nations vs Resources
Reminder - Situation Year 2019

2,000 MW Russia
RESOURCES PN
4 Iceland Italy I 1,400 MW China
800 MW 900 MW Turkey 6,700 MW
1500 MW
Japan | 1 00 Mw
USA 600 MW
12,000 MW 3700 MW
Philippines
6,000 MW
Mexico 1900 MW
/1 000 MW

Indonesia \
El Savador 2 100 MW 29,000 MW
3500 MW K BT MW
New Zealand
1000 MW

65 000 MW

Costa Rica
\.163 MW

1,200 MW

Source: DOE/Think Geoenergy

Top 10 geothermal producing nations
Il Other producing nations

Indonesia has 40% earth’s geothermal energy, but only 7% has been tapped.

TPA 472 TPA Toolbox Energy Book 7 — Renewables {9@
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Geothermal capacity and production in 2022/2023

» World total Geothermal Installed Capacities (Electricity + Thermal Energy) end 2023 # 150 GW

» World total Geothermal Production (Electricity + Thermal Energy) # 410 TWh (79% for buildings heating & cooling)

> World Installed Power Capacity end 2023 # 16 GW

» World Geothermal Electricity Production = 97 TWh in 2023 (0,3% of total Electricity Production) @ # 330 TWh in

2030 to cope with the IEA NZE Scenario 2050?7?

» World Geothermal Direct Use Capacity end 2022 = 16 GW,,

» World Geothermal Direct Use Production =128 TWh in 2020.

» World Geothermal Heat Pumps (GHP) Capacity end 2022 = 118 GW,,,

» World Geothermal Heat Pumps (GHP) Production 2022 =173 TWh

> Production cost # 50 to 150 $/MWh, depending upon the characteristics of the sites.....

TPA World Geothermal Congress 2023

Data from IRENA 2024, EVOLEN 2023, ThinkGeoThermal,
o)
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What about
Indonesia ?
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Indonesia: N°1 for Potental Geothermal Resources
N°2 for Geothermal Installed Capacity

—— -

TPA 475 TPA Toolbox Energy Book 7 — Renewables {9@
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Geothermal Regulatory and Legal in Indonesia

Old Law :
PD45/91, PD49/91 & PD23/92

New Law: 27/2003 has been replaced

by 21/2014 & Gov. Regul. n° 7 of 2017

D Business Structure = JOC with Pertamina
= ESC with PLN

» |UP (Geothermal Business Permit) issued
by Min.Regional Government

= |UPTL (Electricity Supply Business Permit)
by BAPEPTAL or government

» Geothermal no longer mining operation

34% of net income included
all tax payment

P Government Split

Non tax levy and general tax law
(not clarified)

P Management Under Pertamina (JOC) and

PLN (ESC)

» Under central or regional government

Integrated from exploration to
electricity generation

D Project Execution

» Survey and exploration by government
» Exploitation by business entity

D Energy Prices uUSD

ID Rupiah. Prices defined in 3 area divisions
with different benchmark prices.

477
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Geothermal Development Indonesia
1990 - 2021
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Source: Energy tracker Asia

B Pertamina Geothermal Energy ® Chevron/Star Energy ® Geo Dipa Energi » Perusahaan Listrik Negara ® Sarulla Operations = IPB

Source: Stanford
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Geothermal Resources Indonesia

DISTRIBUTION OF GEOTHERMAL POSSIBLE RESERVES

Source: Research Gate

TP A Source: Energy tracker Asia 479 TPA Toolbox Energy Book 7 — Renewables ‘9@
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p.m. Installed Geothermal Plant 2006-2008

TPA

Sharing Experience

Source: MEMR, 2007

480

Total Capacity (MW)
No. Production Area Location Turbine Owner 2
capacity 2006 2007
1 x 30 MW PLN
Kamojang Jabar 2 x 55 MW
1 X 20 MW
Lahendong Sulut 1x 20 MW
1x2 MW Pertamina 2
Sibayak Sumut 12 12
2X5MW Pertamina
3 x 60 MW PLN
G. Salak Jabar 375 375 375
3 x 65 MW CGS
1 x 55 MW PLN 145
Darajat Jabar 1 x 90 MW CGI 255 255
1 X 110 MW CGl
Wayang Windu Jabar 1x 110 MW SE 110 110 110
Dieng Jateng 1 x 60 MW GDE 60
Bedugul Bali 1x 10 MW Pertamina
Jumlah 852

TPA Toolbox Energy Book 7 — Renewables ‘_@
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Geothermal in Indonesia — Situation 2017
New projects are under construction

|

Lahendong 120 MW

Wayang Windu'227 mw
Kamojang 235 Mw

164 MW Ulubelua

377w Gunung Salak ~ e
55 Mw Patuha " 9 e
270 Mw Darajat touw Uumby
7/
Source: Universitas Sebelas Maret 481
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Geothermal in Indonesia — Situation 2018
New projects are under construction

MALIMANTAN
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Serang
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BARAT ;‘;qm :
HUSATERGGARA
BARAT
Hugang
1 2 3 4 5 [ 7 a 9 10 11 12 13
Geothermal PLTP FLTP 5arulla FLTP PLTP Salak PLTP Wayang PLTP Patuha FLTP FLTF Darajat PLTP Dieng PLTP Kzraha PLTP FLTP PLTP
power plant Sibayak Ulubelu Windu Kamojang Matalako Ulumbu Lahendong
name
Operator PT Sarulla PT PT 3tar Star Energy FT Geao Dipa FT Star Energy PT Geo Dipa PT FTPLN PT PLN PT
Fertamina Operation Pertaminz Energy Salak Geothermal Energy Pertamina Geothermal Energy Fertamina Fertamina
Geothermal Ltd Geothermal Geothermal Wayang Geotherm Darajat Geothermal Geothermal
Encrgy Energy Salak, Ltd Windu al Energy Energy Energy
Capacity 12 330 220 377 227 55 235 270 &0 30 2,5 e} 120
(nw)
Operating Sibayak- Sibuzl-buzli, Waypanas, Cibeureum- Pangalengamn, Pangalengzn, Kamaojang- Kamaojang- Dataran Karaha Matalako, Ulumbw, Lzhendong-
Area Sinabung, Morth Lampung Parabakti, West Java West Java Derajat, Darajat, Tinggi Bodas, West MNTT NTT Tompaso,
Morth Sumatera West lava West lava West lava Dieng, lava Narth
Sumatera Central Java Sulzwesi
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Existing Plants

Gunung Salak
Wayang Windu

Darajat
Kamojang
Patuha
Dieng
Ulubelu
Sibayak
Lahendong
Ulumbu
Mataloko
Sarulla
Karaha
Total

Geothermal in Indonesia — Situation 2018
New projects are under construction

West Java
West Java
West Java
West Java

West Java

Central Java

Lampung

North Sumatra

North Sulawesi

NTT
NTT

North Sumatra

West Java

Capacity 2017

(MW)
377
227
270
235

55
60
165
12
120
10
3

# 1500

483

Capacity 2018
(MW)
377
227
270
235
55
60
220
12
120
10
3
330
30

# 1900
TPA Toolbox Energy Book 7 — Renewables (@
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Schematic Diagram Binary Power Plant
Lahendong

Generator ~500 kW,

prima
hea
exchanger

Net power ~400 kW,

--------

hot water
pump

cooling water [dry cooler
pump

—————————— ——————— - — -

binary unit
TPA 484 TPA Toolbox Energy Book 7 — Renewables ‘9@
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BOOK 7 - TABLE OF CONTENTS
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1.

© o A~ WD

Global Remarks on Renewable Energy Sources

Renewables in the Energy Mix —Trends/Perspectives — Investments —
Potential/Diffusion/Network — Subsidies — Intermittency —
Competitiveness — France PPE — Total Positioning — Criticity of Mineral
Matters Resources — Dismantelment/End Life Equipment Recycling

Wind Energy

Solar Energy
Biomass Energy
Geothermal Energy

Marine Energy

0,
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General features
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Marine Energy

# 494 MW Installed Capacity worldwide
in 2024
919 GWh Electricity generated
In 2023

Source: IRENA Renewable Energy Statistics 2025

TPA 488 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Marine Energy projects in Europe (excluding wind offshore) —
Reminder: Objectives 2020

Espagne (Canaries) -
0.5 GWen 2015

Sowrce - EU-OEA/Ewvropean Ccean Energy Association

Source: IFPEN

TP A 489 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Marine Energy projects in Europe — Future deployment locations

Potential for 21% of
European electricity

230%

B

17%
70%

3%

Ocean Energy potential as

PORTUGAL
percentage of electricity demand

161%

BELOW 10%
. ABOVE 10%
- ABOVE 50%

B over 100% . ¥
. OCEA EXPECTED RESOURCE
* & ENER
EURC
TPA S :0 E E 2026 490 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Reminder: Current Marine Energy deployment

Salinity gradient
0.05 TWh

Tidal barrage |
521.5 MW

Tidal stream
10.6 MW

Source: IRENA (2020a).

TPA 491 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Reminder: Benefits of Marine Energy technologies

Predictable

Provides power
®
/ for end-use sectors
2 @ Job creation

Climate change
~— (@)

mitigation

Offers firm capacity

Social acceptance e e
Ideal to couple with ‘& #
‘I ®

X, Combine power

. ® generation with

renewable energies i s
water desalination

Source: IRENA (2020a).

TPA 492 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Marine Energy projects perspectives by Ocean Energy Europe

New generation of farms kick-starts large-scale deployment

250

o 190 MW over 19
” farms by 2030 =
160 Devices

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Capacity (MW)

B Tidal cumulative deployments [l Tidal pipeline

I Wave cumulative deployments Wave pipeline
. | . ot Ocean Ernerey Eurone. UK & . OCEAN
Figure 1: Ocean energy cumulative deployments and pipeline ource: Ocean Energy Europe, < ENERGY
FR governments, Horizon Eurape and
Innovation Fund call results. EUROPE

Sharing Experience '
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Marine Energy projects perspectives by Ocean Energy Europe

TPA
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‘. Minesto
0.8 MW

v @
o Havkraft
9 &3 orbital Marine Power 0.2 MW
o FUTURE 14.4 MW b ——r
3 DEPLOYMENT al—m;?mrm, ex——
59 MW ova innovation
LOCATIONS [ o 6 MW
i) & 110AL STREAM .®
o L Maga!lalngs ‘Rf\r/:;:vables @
| 4.2 Wi
= & WAVE ENERGY
i e OceanEnergy Group
1T MW
& Magal:;ge; l?j‘n?;)/vables ‘S‘Iow WA e
g Hydrowing 0.4 MW
& [ CorPower Ocean | 20 MW |
= - .
‘—0 S0 4
&3 vordant P 3‘9 T:WI
ordant Power 15 M
4.9 MW TS
o Figura 14: Wave and tida
stream projects that have
recelved rave
Q Floating Power Plant e HydroQuest
‘ 3}* MW 17 MW
*
—® 6 Normandie Hydroliennes

e | Wavepiston

| 0.2 MW

s AW-Energy

12 MW

105 MW | *—

T

CorPower Ocean
S| =T w }T

™ [ AW-Energy |
= l 2 MW

B

& [ Rotary Wave

ORPC
0.04 MW @

0.27 MW

Source: Ocean Energy Europe - 2026

494

19 Farms

160 Devices
Project Pipeline
- 2030

OCEAN
o ENERGY
ELIRQPE

0,

TPA Toolbox Energy Book 7 — Renewables ‘_@
b



UK and Marine Energy
(a key example)
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Hydrocinetic Energy (or tidal Energy)

Sharing Experience

(or sea-currents Energy)

I 2O TR B G

¢ Orders of magnitude to
remember :

¢ Much higher « energy density » |
than Wind :

¢ Iin Kw/m?
= Wind at 13 m/sec = 1.3 Kw/m?
= sea current at 2 m/sec = 4 Kw/m?

¢ Because of retroaction effects,
pratical limits are :

= 6 Mw/Km? for offshore windmills

= 10 Mw/Km? for under water-mills

0,
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UK Tidal Resources

&5 Bluc Mull Sound

— = Yill Sound -
Wast Thanrsd

wwestray Frith FOTn ol
MLAoNaldsay Firth
Pentiand Firth Desp
MLAoNaldsay Firth
-
T Pantiand Firth
Shallow

Kyle Rhea Technical mesourcse (GYWih'y — basa case|

s =500

B0 0D
10001, 500
1. 5002, 000
West Isl-a','__‘ Z2.000—2 500

Mull of
East Rathiln Sound . ——— Kantyre . =E000

—
Rathdin

Islamnd

-
Elayhiull of O
¥ -

*Mun or
A Salloway

Strangford
Lough

Carmesl Head

—-
Unwehimymyad
T

Ramsey Sound
" Earry Bristal

ﬂmr'{el
SEristol Channel pMinenead — 4 . Bristol Chanmeal
— Mackenzia shoal

-~ e I=le of Wight
Portlzand BIN

East Casqueats
West Casquets ‘/'
Big Fussel—._ '8 —— RAace of Alderney

Sowuth Sarsay o Mot [East karsay
South Minguilers (Jersey) .

Source: Carbon Trust 497
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Average Mean Wave Power

Mean Wave power
(kW/m of wawve crest)

->'I'IO_O + 30.1-400
->'IOO.I-H0.0 - 20.1-300
- > 90.1-100.0 - 15.1-200
->ao.|-9o.o - 10.1-15.0
->70.l-m.0 -S.I—I0.0
->60.|-70.0 - 1.1-50
> 50.1-60.0 <11

=9 =i

> 40.1-500

B
UK Comtinental Shelf &

I Channel Islands Terreorial
Sea Limits

498 TPA Toolbox Energy Book 7 — Renewables ‘9@
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EMEC - Trial platform « Waves and swell »

TPA

Sharing Experience

EMEC: European Marine Energy Center 499

EMEC ORKNEY WAVE TEST SITE

EMEC Office/Data Centre
EMEC has a suite of offices and data
acquisition facilities, including areas
dedicated to specific developers.

Black Craig Observation Point

Coastguard lookout station converted
to house powerful camera for
monitoring activity at sea. Camera
controlled from data centre and

pictures transmitted onto website. Fitwe optic and VHF networks provide

developers wath direct access 1o their
own devices

Met Station

Onshore station providing
realtime weather data to
data centre.

Housing main switchgear, back-up
generator and comms room, controls
for supply from each offshore device,
and for connection to National Grid.
Carefully designed to minimise
environmental impact.

Test Berths

Four 11 ¥V subsea cables extend to
50 m water depth, 1-2 km from shore
at locations 0.5 km apart. Developers
will install moorings, connecting cable,
and then their generating device.

Waverider Buoys

Two wavender buoys measure
wave height, length, direction
and transmit realtime data -
back to main office.

TPA Toolbox Energy Book 7 — Renewables

O
b



EMEC - Trial Platform « sea currents »

Existing 33 kV and 11kV
grid network on Eday.

‘Chuerchill Barmiers

Tides flow up to 5 m's
between and around
the islands.

Falls of Warness, tidal
stream Sows up to 3.5 m's
springs, 1.5 m/s neaps.

500 TPA Toolbox Energy Book 7 — Renewables ‘9@
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ADDITIONNAL INFORMATION :
TESTS SITES

TPA Toolbox Energy Book 7 — Renewables {9@



Worldwide tests sites

CANADA DENMARK SPAIN CHINA
FORCE & DanWEC B Bimep Tidal energy full scale
& Hydrokinetic Turbine Nissum Bredning Plocan test site (Zhoushan,
Test Centre (CHTTC) - Zhejiang)
fiver current Jp— Small scale test site
USA = (Weihai, Shandong)
Hawaii National Marine SWEDEN
RE Center (HINMREC) - :
Hawaii National Marine Lysekil wave power
RE Center (HINMREC) s research site .
Pacific Marine Energy » ‘--) @ Stderfors marine i
Center - Lake e currents research site
Washington agl _' a 9 2 o il Sotends wave power
© Pacific Marine Energy administrative w1 demonstration facility
Center - Tanana River and legal v
Hydrokinetic Test Site _ requirements \Q 4 SINGAPORE
Centre for OE (New y . \ N ‘ﬂ
Hampshire) >  Enabling practical | '~ N Sentosa Tidal Test Bed
Camp Rilea Test Site, O&M experience
Oregon of prototypes NORWAY
UK '7 o) Runde Environmental
e Centre
Solent OE Centre pd 2P
WaveHub ,
- e : PORTUGAL
FaBTest Oceanplug
IRELAND
BELGIUM
/oY AMETS — Belmullet
] Galway Bay Test Site FlanSea wave test site

Under Development Operational

TP A 502 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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EMEC (European Marine Energy Center) Scotland

Fall of Warness tidal test site
8 cabled test berths in up to 40 metres
depth, chosen for its currents which can reach
4 m/s (8 knots) in spring tides (see opposite).

Billia Croo wave test site

MAINLAND

5 cabled test berths in up to 70 metres

of water subject to North Atlantic waves
Hatston
Pig,r_.

ir:

of up to 19 metres (see opposite).

y Stromness Kirkwall =

[y D Oy
~“-“Copland’s
Dock

EMEC office and data facilities

EMEC’s head office is in Stromness, with HOY
fully furnished office accomodation provided

to its wave and tidal developers in Stromness
and Kirkwall.

i
Lyness
Pier

Shapinsay Sound tidal test site

Up to 25 metres water depth with a peak

tide of 1.5m m/s (see back cover). Pentland Firth

Scapa Flow wave test site

Up to 25 metres water depth with an average
significant wave height of 0.25-0.75m (see back cover).

TPA

Sharing Experience

EDAY

0 7. Borth 7 - Voith Hydro
J 3. Berth 8 - Scotrenewables, SA250
s Wave Tast Site Scaps Flow EMEC
2. Test
MAINLAND
")\_/v
&7 “Nursery Tidal Test Sito SN /\/ .
e s W 2 Orkney Islands
CavA 2. Testbuoy st
N 1S
Y m(‘,?

Test EMEC
g% HYDRO Hammerfest
o 2.Barth 2 - Tidal Ganaration Lid
g 3. Barth 3 - Kawissaki Hoawy Industry
4. Berth 4 - {0.2MW) Opentlygro Group Ltd
G a Berth S » Bloswater Encrgy Serwces

Borth § - Atlantis Resources Carperaticn, AR10]

0,
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Ireland — Atlantic Marine Energy Test Site (AMETS)

Test Area A : Wd =100 m, 16 km offshore - 6,9 km2 area
Test Area B : Wd = 50 m, 6 km offshore - 1,5 km2 area

Test Area A X

Substation and grid connection

NS Belmullet |

9 ‘Q\\\\ g

Test Area B '""““‘\

R A
2R ~

:
Substation ),

Irish Sea

TPA 504 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Atlantic Marine Energy Test Site (AMETS) - Ireland

Sharing Experience

The Atlantic Marine Energy Test Site (AMETS) is being developed
by Sustainable Energy Authority of Ireland (SEAI) to facilitate
testing of full-scale wave energy converters and floating offshore
wind technologies in an open ocean environment.

AMETS will be located off Annagh Head, west of Belmullet in
County Mayo and will be connected to the national grid. The test
site is an integral component of Ireland’s Ocean Energy Strategy
and is being developed in accordance with the national Offshore
Renewable Energy Development Plan (OREDP).

The site will be focused on wave and wind energy and will provide
Irisikoea two separate test locations at various depths of water to allow for
a range of devices to be tested. The test site will provide a grid
connected national test facility, to which full scale wave energy
converters and floating offshore wind technologies could be
coupled during their final stages of pre-commercial development.

Source: PNNL - Tethys 505 TPA Toolbox Energy Book 7 — Renewables ‘9@
b



FORCE (Funding Ocean Resources Center Energy) - Canada

About 160 billion tonnes of water flows

0 2km
through the Bay of Fundy at each tide. - T a
About 4 billion tonnes of that water passes Black Rock ,‘ "
through the Minas Passage. _ g T EC R Cope P
Creating the highest tides in the world with — ~ ShsJoxhtion -
a speed of 18 km/h, rising up to 16 m. : {/'/’ Minas Passage

Cape Split
- \h_ 47

A/ \
7 R
[‘/ /} ~ '\l‘ ) ~ >
7] )l/ { N Blasgos
\ ; e
ml;.?dr 5 ”~
Sailit Joln = Minas E’V’"
= Basin
""'/’ 2 Wi ?
i Bay of N J ,
ATLANTIC Eund > M o / :
OCEAN y A 4 T e
o . f ‘m\ ‘/ \ _.4_,,,.4 .
S v <t 7N/ 2 Prai &
s b r}l OVALS OIS
/'/ ) - . ‘a @‘ A 0:?
Scots Bay / e 8 6 uw = QWa.rp
) 'A . - e 2]
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WETS (US Navy Wave Energy Test Site) - USA

Operations & Storage

~ Research vessel

Devices will be & Controls A .‘ " -“- :

4= 6 Nautical miles from shore
(6.9 Miles)

<« 29

Buried cable
Cables bring power to back to shore
shore and connect to utilities

Sub sea pod
NETS

North Energy

Test Site

2 Nautical Miles
From Shore ;™

SETS !
South Energy ' _:
Test Site

507 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Tidal Energy

508

0,
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Global Tidal Range
0 30 60° 90* 120" 150" 180" 210" 240° 270"

-90° +———— . ———

300 3307 0°

—

- »

0° 30° 60° 90° 120° 150° 180" 210" 240° 2707

0.0 0.2 0.4 0.6 0.8 1.0 12 1.5 2.0 3.0
Tidal range (m) =2 *(O1 + K1 + M2 + §2) = MHWS - MLWS

Courtesy of James , National Tidal Centre, BoM
Copynght Commonwealth of Au ia, reproduced by permission

= | 1 P E————

% + -90°
330° 0°

\

300°

50 80 120

509
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Areas with high potential Tidal Ressources

Canada: British Columbia, the UK: ~18TWh/yr oftechnically India: The Gulf of Kutch and Korea: In the south, around
Bay of Fundy andthe St. extractable tidal current the Gulf of Khambhatin the Mokpo, thetidal currentsare
Lawrence seaway aresome of resource. 40% ofitis State of Gujarat both have amongstthefastestinthe world.
theworld's besttidal current concentratedinthe far north of significant tidal power Accordingto KORDI, the Korean
resourcesandare closeto Scotland (Pentland Fithand resource >250MW resource fortidal current power
significant electricity demand Orkneylslands is 500MW

-

e & D

US: Alaska, Washington, Japan: Excellent resources
California and Maine have between theislands

goodpowerdensity. Clear —b— - |—
processr{.‘" 'gain:tng o China: has enormoustidal
over particular sites X

& ‘ \ ~ current resources as well as

river resources. Bestlarge

tidal sites found in Shanghai
Cgtil?;t/_ﬁ;tl:f:sta %gglrv;w - ‘ -+ and Zhejiang province region
potentially avai \

K P o

‘ Australia: King Soundin [ &

”
>
(4

)

France: Strongtides around
the Channellslands

the North West has
some ofthe highest
tides intheworld
(~10m).

TPA 510 TPA Toolbox Energy Book 7 — Renewables {9@
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Areas with high potential Tidal Ressources

Global Tidal Resource

EUROPE

511 TPA Toolbox Energy Book 7 — Renewables
TPA Source: Ocean Energy Europe - 2026 s

Sharing Experience



Tidal stream in Europe: Number of Turbines & Installed Capacities

10 )
16 N o~ g

, v 3 3
0. -2 "
c - n 8 C
2 032§
3" - :
\-' 'U ':

5 10 g 9° N
- 0 -
v C falls [¥
Qg S 1
£ - d n o
5 40 C a4 3
C 6 v g 0
— o = 3 >
1y - g .:
( -

z ¢ L E
c T F é -

) - 0 . . — I
0 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 202 2023 204 - 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 02 073 2024
B Annual = Cumulative B Al == Cumulative

0,
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Tidal resources in Europe: UK & France

50.0

49.5

S
©
o

UK & France have best tidal
resource

Latitude

« More geographically limited than 485
wave

« Tidal current speed (m / sec)

* 14 million litres pass thru Tm3in
1 hour at max speed R

48.0

S : - , -5 —4 =3 - ~3
6 Olympic swimming pools Longitude

00 05 1.0 15 20 25 30 35 40
A
UA-rz+sz(m3 )

OCEAN _
' _ ENERGY Source: Renewable resource assessment, European region (December
EUROPE 2022), EU-Scores project

-I-PA Source: Ocean Energy Europe - 2026 513 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Tidal stream deployments in Europe in 2024

: Device
Location
developer
1 DENMARK | Faroe Islands Minesto | Dragon12 |  Kite 1200 1 Full-scale
2 | NETHERLANDS Ameland SeaQurrent | TidalKite Kite 200 1 35
Strangford X-Flow
Lough, Project | Horizontal
3 UK ORPC Ireland 18 1 Test-scale
Northern Turbine Axis
Ireland

TPA Source: Ocean Energy Europe
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Tidal barrages principles

Range

Water that entered an
enclosed tidal basin at
high tide is released at
low tide and generates
electricity by passing
through turbines.

TPA

Sharing Experience

Ocean Al
High Tide

Water Spins the Turbine From the Sea to the Basin

PR Fonny ;) AL Wt Fons

515

INLET

FLOW

OUTLET

LOW TIDE
LAGOON

OmZ—m2ADC -

_—s

TIDAL LAGOON
TPA Toolbox Energy Book 7 — Renewables ‘9@
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Rance Tidal Power Station 240 MW (1967) - France

SemEEsEE -

gl '

TPA 516 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Rance Tidal Power Station 240 MW (1967) - France

TPA 517 TPA Toolbox Energy Book 7 — Renewables

O
b
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Rance Tidal Power Station - France

Opened on 26 november 1966

240 MW = 45% of World Marine Energy Capacity

24 turbines, 10 MW each

Capacity factor: 26%

Length: 700 m

Annual output: 540 GWh

Capex: 620 MFF = 95 M€ 1966

Capex: # 860 M€ 2019 (CPI corrrected)

Present Production Cost: n.a.

LCOE if rebuilt today at equivalent Capex > 130 €/ MWh

P.m: Sihwa Lake power station (South Korea): 254 MW
Start-up on 4 august 2011

518 TPA Toolbox Energy Book 7 — Renewables 9@
b



Sihwa Lake Tidal 254 MW project (2012) — South Korea

S,
Ganghwa Tidal Flat and

the Black-faced Spoonbill Habitat
Natural Heritage Site (No. 419)

;;. Gal : 3
TidakPower Plant

4
X

\Ganghwaeolingy

-

Ongijin Jangbongdo Tidal Flat
Wetland Preservation Area (No. 5)

Sihwa
Tidal Power Plant

\

50 Km @

TPA 519 TPA Toolbox Energy Book 7 — Renewables
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Several Tidal Lagoon Projects in UK

Wales project : Swansea — Tidal Lagoon Power

Swansea Bay

« 320 MW g:;r;m
* Length =9,5 km Colwyn Bay

OV A WN R

West Cumbria

« Artificial lagoon area : 11,5 km2 Bridgwater Bay

« Deltatidal=4,1m - 8,5m

« CO2 saving = 236,000 tons/year
 Green light? Operational start-up?
 Many debates on this project......

TPA 520 TPA Toolbox Energy Book 7 — Renewables {9@
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Proposed Tidal Lagoon 320 MW project Swansea Bay - Wales

level of the high tide

barrage
sluice gates
tidal basin
i
L TR lovel of the low tice _
estuary floor
ﬁJ;I'ISagg‘;n ________________ le XeLoi the high tide
9.5km
breakwater : ENiagH
N . sluice gates
Tidal flow /1 ' tidal basin
AL T N —— lvol of thelow tide_
SWANSEA BAY Fi estuary floor

CONCRETE CREST

REAR FACE | _~ROCK ARMOUR LAYER
PROTECTION o

_ UNDERLAYER
" ROCK

v,' ~ ~d-
= = n -
.
7
’ e ¢
-
2 25
- f."{?
. don 7%
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Hydroquest 1MW project at Brehat test site - France

Building on its longstanding experience generating power from rivers,
HydroQuest partnered with Constructions Mécaniques de Normandie to
produce its first tidal turbine. The 1 MW HydroQuest Ocean device was
successfully installed on the EDF-run site of Paimpol Bréhat in Brittany during
the summer.

The project is breathing new life into the test site. It will generate valuable
hours of operational experience and data, enabling the developers to prove the
capability and rellablllty of their technology

Raz Blanchard

Vitesse maximale g

enm/s ®
®o.0

Embarquementdel'hydrolienne
HydroQuest Ocean.

Tests
Length : 25 m
Height : 11 m

Weight : 400 tons
Power: 1 MW
2017-2019

P \ER -9

il B
k
2 ”» -

8

‘kd i 5

L Eml

N
g5 - .:;'_: ¥
fTE el

E
o
I
I
=
=
)
g
<
2
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ANDRIZ HYDRO Hammerfest Tidal Stream - Norway

Technical characteristics

Prototype Technology developed by ABB, Powver somutmton: Vool el s ey, variabe speed HS1000 turbine technology installed at the EMEC

Rolls-Royce, Equinor in 2003 Qperaing depin: seoom (European Marine Energy Center) in 2011. Andriz

« Pilot 300 kW 200tons ;ﬁﬁ;sweplareﬁ: o cog open Hydro Hammerfest has developed a 1,5 MW MK1
nomnal speed: approx. 10 rem turbine. 3 of which have been installed as part of

+ Site : Kvalsund in WD=50m R the Meygen project in the Pentland Firth.

& 2010 : technology purchased by Andriz weﬁ%gﬁm soprx. 1201 -

¢ Retrieved in 2012 Ustmertarics:  25yoursoven s

1. Nacelle

2. Blades

3. Substructure
4, Ballast weights

TPA 523 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Atlantis Meygen 12 MW project - Scotland

‘ E TIDAL POWER
1SVAND —_—
- Y ¥ Thavarbos wwweeted 3 Urdnrvarer cobles
N ATHOMA R a0 K8 Mruction  cary B slectrcty ta mn
NearyGon learo sroa and wot on the san Sed ceskore wbatatce
2 Vit currenis cxme the @ The admation » /.
Hades to sonste, ponereg  cessectsd tothe astioes) Rotor /.
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*
*

Orbital Marine Power — Orkney Islands

TotalEnergies Partner

Development of cost effective tidal hydrokinetic turbines. Technology from oil and gas,
designed for minimum on-site work. Testing at EMEC (European Marine Energy Center Ltd.

2003: 1/16th scale model

2005: 1/7th scale model

2011: SR 250, 250 kW floating tidal turbine prototype at sea operational in Orkneys (EMEC)
2015/2016: SR 2000, 2 MW turbine, as at August 2018, 3 GWh of electricity produced
2021/2022 : 02

525 TPA Toolbox Energy Book 7 — Renewables {9@
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Orbital Marine Power — Orkney Islands: Tidal Hydrokinetic Turbines
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Orbital Marine Power — Orkney Islands: Tidal Hydrokinetic Turbines

gns .o W

Orbitafl Marine Power (UK)

-I-PA Source: Ocean Energy Europe - 2026 TPA Toolbox Energy Book 7 — Renewables {9@
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Orbital Marine Power : 02 protype

Power Generating
Nacelle Communications
Mast

Forward
Installation
Winch

Access Tower for
Hull Access

Blades

Handrail on Leg
for Maintenance

Electrical //
Equipment, Auxiliary ‘ 5.
Main Hull Systems and Rotating Pitching
Hydraulics Hub
Summary of device characteristics
Rated power c.2 MW

Displacement

600 metric Tonnes approx.

Rated current speed 2.5m/s
Cut-in current speed 1m/s
Shut down current speed 4.5m/s
Hull length overall 74 m
Diameter of Hull tube 3.8m
Depth to uppermost rotor tip during operation (rotors extended) 32m
Depth to bottom rotor tip (deepest point) during operation (rotors extended) | 23.2 m
Maximum depth of rotors below surface when rotors retracted 2.3 m
Maximum depth of platform below waterline 23m
Height of hull tube exposed above the water surface 15m
Maximum rotation speed 15 rpm
Rotor diameter 20m
Rotor swept area 2x314 m?

TPA
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Onqgoing Tests
02
Power 2MW
600 tons
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Orbital Marine Power : O2 under test in Orkney Island

TPA 529 TPA Toolbox Energy Book 7 — Renewables
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Tidal Energy: various technologies

T o -
& #;g

Bottom figlcé :

2 or 3 blades,
Classical “Wind” design or ades

Steel foundation,
Ballasted or drilled in

Nova Innovation (UK)
|

T

218

fiVertical axis - Alternatiyefesi Navigation pb
7 W ' o
L3 \‘ Minimum 20m
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Wave Energy
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Wave Energy potential

Wave Energy: largest untapped renewable resource

OCEAN
= o ENERGY
EUROPE

O
b

TPA Toolbox Energy Book 7 — Renewables ‘_@
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Energy potential form in (kW/m)
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¢ The energy potential is estimated in Kw / meter of wave front

¢ This energy is proportionnal to wave period
¢ This energy varies as the square of waves height

0,
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Energy potential form in (kW/m)

Y"ERHEGERAARR

Figure 6.1 | Global offshore annual wave power level distribution (Cornett, 2008).
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European Wave / Swell Energy potential (kW/m)

19:2

24

These energy
figures are
estimated at a
sufficient distance of
shore, around the
20 meter depth line

TPA 535 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



Wave Energy in Europe: Number of Converters & Installed Capacities
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Wave Energy deployments in 2024

: Device
Location
developer
_ Qscillating Wave

Canary _ Wavepiston |
1 | SPAIN Wavepiston Surge String 30 1 Fullscale

slands V1

Attenuator
Aberdeen, ZOEX WEC
2 UK ZOEX Power _ Attenuator 100 1 Full-scale
Scotland Device

TP A Source: Ocean Energy Europe 537 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Wave Energy: A highly concentrated energy resource
(from CorPower Ocean — Stockholm- Sweden)

» Global potential of wave energy according
to CorPower Ocean

500 GW i.e 10% of the global electricity demand
1-2 GT annual CO2 emission annual avoidance

> How CorPower Ocean’s wave energy
converter work?

¢ Heaving buoys on the surface go up and down and
absorb energy from ocean waves.

¢ Waves energy is converted into electricity through
the rise and fall of buoys. The wave motion is turned
into rotation by a mechanical device inside the buoy
and converted into electricity by a generator .

TPA
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CorPower Ocean Wave Energy converter

Sharing Experience

19 meters

Characteristics:

Weight : 70 tonnes

9 meters Water depth > 40 m
Power : 300 kW
Capacity factor : 40-60%

Current project in
Portugal

0,
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The future ? (CorPower Ocean)

0,
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Other examples of Wave-Swell systems

Figure 19 The Oyster system from Aquamarine Power uses a buoyant hinged flap to capture wave energy and
pump water through a directionally-drilled pipe to an onshore-generator. Several flaps could be used to pump
water to one generator

OYSTER"WAVE
ENERGY CONVERTER HYDROELECTRIC
POWER CONVERSION PLANT.

—HIGH PRESSURE
FLOW LINE

WATER PISTON _I

Picture from Aquamarine Power

TP A 541 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Different types of Wave Energy Converter (WEC)

TPA 542 TPA Toolbox Energy Book 7 — Renewables {9@
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WEC (Wave Energy Converters) : the main solutions

Y A

1) Attenuator

2) Absorber

3) Hydraulic
Flapping

4) Oscillating water column

Turbine and generator

Fromt wall of conrete chamber

0,

TPA Toolbox Energy Book 7 — Renewables ‘_@
b



WEC 1 : Attenuator

1) Attenuaton

Attenuator

Floating device rides
the waves, flexing as
they pass by.

TPA

Sharing Experience

Pelamis — WAVE
Movement drives hydraulic pumps at joint:
to circulate fluids and generate electricity.

Person,
to scale

Fore raft

joint for sideways
wave motion

hydraulic fluid
compressed by the rams

one of the
four rams
\

Wave propagation

Hydraulic PTO unit

| Yoke . ‘ 4 v:

Depth

Power cable

Mooring line

Sea bed

LA ALL 2 s 4 /
(a)

LSS LLT S

Top hydraulic cylinder

5
Ky AR
\\ A 1 vy Roar
i l - / embadment
Flexible umbilical electrical I \ ! ’ AN / anchor
connection cable. \ \ 3
=

l Clump weight.

Forward, back-up
embedment anchor

3
S— Y aw
restrant.

/ -.a.\

\(.;f

T ‘=

I Embedment ancher l—

/

Bottom hydraulic cylinder

(b)
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WEC 2 : Absorber

2) Absorber

Electricity is
generated offshore
and export to shore

by electric cables

© 2008 AQUARET

Swedish Seabased 1,06MW Sotenas project

(in operations since 2015)
'i“; /A; (/‘

Wave power park .
Sotenas kommun

A A Grid Connection Point (GCP)

Subsea switchgeat

.\// i B lzl‘Vluhu.V “\

Generator cable ’ ction box

Electr lclty grid

0,
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WEC 3 : Hydraulic flapping

3) Hydraulic Flapping

Tdﬂ\eredmswmam&e’
a pendulum in response
to wave surges.

TPA
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WaveRoller panel moves
back and forth following

A
A d é ‘ E the movement of water

Panel moves back-and-forth following the waves

10-15
meters
water depth

Power take-off converts the back-and-forth movement to electricity

0,
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WEC 4 : Oscillating water column

. ::4“.’.:. g /

Outline of an Oscillating Water Column

Turbine and generstor

L 500 kW Limpet OWC plant (UK

Fromt wall of conrete chamber

] . ~World’s first wave power station
Air flow r} I -~ Hebridean island of Islay Scotland 11/2000
Adr column ‘

— 300kW Witriku OWC_PIant s ami" -

4) Oscillating water column

Motion of water column [
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The company Pelamis Wave Power (Scotland)
ceased to exist in 2014

TPA 548 TPA Toolbox Energy Book 7 — Renewables {9@
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Pelamis Wave System (ex Ocean Power Delivery Ltd)

The Pelamis System

Ocean Power Delivery

Compan Ltd
pany (Norsk Hydro Ventures
is one shareholder)
Location EMEC Orkney
Wave activated bodies
System type Offshore
Water Depth 50-60 m
130 m long
Unit Size 3.5 m de diameter
700 T (400 T ballast)
Power 750 kW/unit
30 MW/km2
) ) Offshore windmills
Capacity rating

ISO

Source: Pelamis Wave Power
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Infeanal wow of a Frlanmes Foner Covaevson doduie.

e (vorticad axis)
hnged jein!

.I\ E
'

Hign
prossure
Accume Hors

{ Molon/ Gene stoc |
ot

Heawe
“1 (hoeizonial sxis)
mngod jont

0,

TPA Toolbox Energy Book 7 — Renewables ‘_@
b



Pelamis Internals

TP A Source: Pelamis Wave Power 550 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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E-ON’s Pelamis P2 at EMEC - April 2012

TP A 551 TPA Toolbox Energy Book 7 — Renewables ‘9@
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Current Forces Energy
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1 PS2

Company: OpenHydro

Device: Open-centre single-rotor
turbine on a subsea base

Size: 16-metre-diameter rotor
Production: 2 MW

Deployment: Summer 2015

Sharing Experience

Various concept using current forces

SEAGEN-F

Company: Minas Energy-Marine
Current Turbines-Bluewater

Device: Floating dual-rotor turbine
moored by cables

Size: 40 metres long, 16-metre rotors
Production: 2 MW

Deployment: 2016 or 2017

¥ 3 TRITON

Company: Black Rock Tidal Power

Device: Semi-submerged, 36-40

turbine array on a gravity base

Size: 46.6 metres long, 4-metre-
) diameter rotors

Production: 2.5 MW

Deployment: Fall 2016

TPA Toolbox Energy Book 7 — Renewables ‘_@

4 AR1500
Company: Atlantis-Lockheed
Martin-lrving Shipbuilding
Device: Single-rotor turbine
on a subsea foundation
Size: 18-metre-diameter rotor
Production: 1.5 MW
Deployment: 2017

O
b

lepth, low tide)

m (average

Al




How an Hydrolienne works

Water moves in and
out past the turbine
as tides ebb and flow.

Turbines turn
generator module,
producing electricity.

a Electricity is returned
by underwater cables
for use ashore.

O
b
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France potential

Courants de marée en mer d'lrolse

(Réerencés par appor s Brest) Conjonctions de la ressource :
Plaina Har sites de for¢age en zone de fort marnage.

Raz Blanchard

Topographie

Détroit, passe, cap,
presquTle, isthme, etc.

Continent

P | 20
& e

— Dune sous marine, haut

fond, plateau, etc. \’ Vitesse maximale 0.5
. [

: en m/s
hse’"¢ S oo
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Cotentin / Finistere:
Time phasing in the France / UK channel

Highly complex modelling for future design of sea current underwater mills

TP A 556 TPA Toolbox Energy Book 7 — Renewables ‘9@
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An example: the three largest potential sites in France for Sea
Currents Power

Chaussée et Raz de Sein : 1000 MW

Fromveur (Ouessant) : 2000 MW
Raz Blanchard : 3000 MW
Total 6000 MW

Speed (nds) .55

lle de Sein

Maximum current speeds in average water regime

TP A 557 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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Akuo/Sabella : PHARES Project in Ouessant

Tests
2015-2019
Sabella D10 - 1000

Raz Blanchard

Power 1MW .

400 tons " 3.0
Fromveur-Ouessant 2:
WD=55m 15

1.0

PHARES Vitesse maximale g 0.5
Aprés avoir validé en 2015 enm/s ¥
I'opérabilité de son hydrolienne ¥ 0.0

D10-1000 dans le passage du
Fromwveur, SABELLA <s'attelle au
projet PHARES qui sera mis en
service en 2022,

Ce projet, porté par AKUO Energy,
se compose de deux hydroliennes
(2 » 500 kW), d'une éoclienne (900
kW), de panneaux solaires (500 kW)
et d'un systéme de stockage de
I'énergie innovant. Il couvrira prés
o e ) de 80% des besoins électriques de
" \ Ile de Ouessant, économisant 1,5
million de litres de diesel par an.

TPA 558 TPA Toolbox Energy Book 7 — Renewables {9@
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New Innovation - New concepts
Dragon 12 by Minesto (Swedish company)

TPA 559 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The Dragon 12 concept — Developed by Minesto (Sweden)

S Minesto

Powerful, lightweight and modular
power plants.

With an outstanding power-to-weight ratio, our kite systems can operate cost-effectively, enabling

affordable energy from the ocean.

Rated power of 100 kW - 12 MW o=
Weight 2.7-28 tonnes - :-

\
Wing span 49—12 m

Source: Minesto 2025 560 TPA Toolbox Energy Book 7 — Renewables ‘9@

TPA ;

Sharing Experience



Sharing Experience

The Dragon 12 concept — Developed by Minesto (Sweden)

Imagine you are standing on a beach flying a kyte in the wind. You feel the strong lift force
from the kyte in the rope as the wind tries to carry the kyte away. As you move the kyte
sideways, you notice that it flies fast.

If you would attach a turbine to the kite and put it in the ocean, where a water current flows
instead of the wind blowing, you would have the concept of Minesto’s patent and awarded
marine energy technology.

Featuring increased performance and decreased manufacturing costs, the Dragon Class is a
new range of power plants. It evolves from the grid-connected Deep Green systems Minesto
has installed and operated in Vestmannasund, Faroe Islands (Kingdom of Denmark)

What makes the Deep Green technology different from other tidal energy technologies is the
wing, the size of the turbine and the fact that the power plant is “flying” under water.

The wing pushes the turbine through the water in an eight-shaped trajectory, sweeping a
large area at a relative speed that is several times the actual speed of the underwater current.
The speed has a cubic relationship to the power production. This means that when a Deep
Green power plant multiplies the relative speed which the turbine is pushed through the
water, the electricity produced by the generator is several hundred times greater compared to
if the turbine would be stationary.

Source: JEC Group — Minesto 2025 561 TPA Toolbox Energy Book 7 — Renewables 9@
b



The Dragon 12 concept — Developed by Minesto

What makes the Deep Green technology different from other tidal energy technologies is the wing, the size of the turbine and

the fact that the power plant is “flying” under water. The wing pushes the turbine through the water in an eight-shaped trajectory,
sweeping a large area at a relative speed that is several times the actual speed of the underwater current.

0,
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The Dragon 12 concept — Developed by Minesto

0,
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The Dragon 12 concept — Developed by Minesto

g;f.‘ drkney Is.
Western Isles ,
(Hebrides) gézm

3
(3
.

0,
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Ocean Thermal Energy Conversion
(OTEC)

TPA Toolbox Energy Book 7 — Renewables ‘_@
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Ocean Thermal Energy Conversion (OTEC)

Energie hydrothermique des mers (ETM)

Longitude
Latitude D'E 160°E 151'1!'-" 1
S40°MN -
20°N ———
Equator

20°S

40°S

Less than 18°C

I 18° to 20°C

20" to 22'C

Temperature difference between surface and depth of 1000 m

L]

22° to 24°C

B Vore than 24°C

L |

Depth less than 1000 m

Ocean Thermal Energy is produced by using the ocean thermal gradient between
cooler deep and warmer shallow or surface seawaters.

566
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OTEC closed cycle method
(2016- Mines ParisTech)

OTEC cycles generate electricity in tropical areas using the temperature difference
between surface (26-28°C) and depth (around 4-6°C) below 1000 m.

Surface hot water is used to evaporate a liquid, generally ammonia, boiling at low
temperature.

- Ammonia boiling temperature at atmospheric pressure : -33°C
- Ammonia boiling temperature when compressed at 7 bars : + 12°C
- Ammonia boiling temperature when compressed at 9 bars : +21,5 °C

The ammonia steam drives a turbine generating electricity and is then condensed by
cooling in a condenser using cold water pumped from the depth. The cycle repeats.

In any case, it is necessary to use large volume of fluids and to pump cold water
from great depths. The process has therefore to be carefully optimized.

567 TPA Toolbox Energy Book 7 — Renewables F@
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OTEC closed cycle

Turbine -

-

Steam

Dﬂl.l_hllE wall evaporator

Hot (26-28°)surface [ discharge
_—

sea water
Operating fluid
Ex: ammonia

Deep cold water 5°C

TP A 568 TPA Toolbox Energy Book 7 — Renewables ‘9@
b
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The concept

TPA
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WARM WARM
WATER WATER
DISCHARGE DISCHARGE

COLD WATER PIPE
{~1,000 meters)

L]
COLD WATER INTAKE

— 3 to 5§ km FROM SHORE —

RETURN
PIPES

ELECTRIC CABLES

569

TRANSITION
FITTING

CONCEPTUAL DIAGRAM
PROPOSED OTEC

CLOSED CYCLE PLANT
MAUNABO,PUERTO RICO

Source: OlA, 2010
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Where OTEC could work

— - - i i 2
The OTEC system needs a 20°C Temperature difference between
difference between surface and surface and 1,000m depth
deep water temperature to work I More than 24°C [l 20°C-22°C

"1 Area where OTEC will work B 220c-24°C © 18°C-20°C

---J

570 TPA Toolbox Energy Book 7 — Renewables ‘9@
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OTEC Test Facility : Makai Ocean Engineering (Hawai)

The world’s largest operational Ocean Thermal Energy Conversion (OTEC) power plant

* In operations : 2015

« WD=circa1000m

* Delta Temperature = 20°C

« Availability 24H/24H 365 days/year
100 KW for 120 homes

WARM WATER INTAKE

: Temperature: 25°C (77°F)
L de - Ocean Depth: 60 ft (18m)

R {.:,‘ MIXED WATER RETURN
o R~ W S
S| 1 —" s o Temperature: 16°C (61°F)
A Ocean Depth: 330 ft (100m)
=y g
= T — >
\ B

VS ol
- ) ;
OTEC Test Facility

At the Natural Energy Laboratory of Hawaii Authority, Kailua-Kona, HI
Designed and Operated by Makai Ocean Engineering, Inc.

TPA
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ONSHORE OTEC
(OPERATIONAL)

100 MW OF POWER
~120,000 Hawaiian Homes
Powered by Seawater

OFFSHORE OTEC
(FUTURE)

COLD WATER INTAKE

Temperature: 5°C (41°F)
Ocean Depth: 3,000 ft (1,000m)

0,
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Sea Water Air Conditionning (SWAC)
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Sea Water Air Conditionning (SWAC)
Concept of the method

o I

e

<
I TH o
IiC %
A M Ca Temperature
T =

‘?@‘% L Sea level
I

Cooling Exchanger Pumps ~ 2B°C
need/network |
|
|
|
|
|
|
|
Societe NALDEO
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Sea Water Air Conditionning (SWAC)

« Le SWAC permet, a tres faible consommation
énergetique, de mettre en contact thermique 'eau de mer
froide et I'eau douce du réseau de climatisation, au travers
d’un millefeuille de plaques en titane. Ce systeme
d’échanges ne nécessite pas de mélange des eaux : I'eau
de mer, apres avoir transmis ses frigories [unité de mesure
de la quantité de froid], est rejetée dans I'océan sans avoir
ete alterée. »

David Wary, ingénieur de la société Airaro, Polynésie
francaise. « le Monde » 7 novembre 2021

TPA Toolbox Energy Book 7 — Renewables (@
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SWAC air conditioning system of the French Polynesia
regional hospital (Tahiti)

The SWAC air conditioning system of the Pirae hospital (North
of Tahiti) was completed in February 2022 .

SWAC pumps have a flow rate of 1000 m?3 per hour of water drawn
from the Pacific Ocean at a depth of 900 meters and a temperature
of 5°C.

The hospital will not use any more electricity to generate cold (with
potential savings of 9 millions Kwh per year) by linking the air
conditionning system to a subsea pipe 3,8 km long.

Which means a savings of 2,5 millions euros per year and a 2 %
reduction of Tahiti electric needs.

But for a significant investment (31 millions euros)

Le Monde - 7 novembre 2021
TPA 575 TPA Toolbox Energy Book 7 — Renewables {9@
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Le SWAC du Centre hospitalier
de Polynésie francaise

Le réseau de climatisation du centre hospitalier de la Polynésie francaise
situé a Pirae, au nord de Tahiti a été terminé fin 2021 C’est désormais une
énergie renouvelable qui refroidira I'hopital.

Les pompes du SWAC puiseront un million de litres a I'heure d’eau a 5°C, a
plus de 900 metres de profondeur dans l'océan Pacifique. L'hépital n’utilisera
plus d’électricité pour produire du froid (économie de 9 millions de Kwh) en
reliant son systeme de climatisation a une canalisation sous-marine de
3,8 km de long,

Ceci permettra une économie de 2,5 millions d’euros par an et une réduction
de 2 % des besoins électriques de Tahiti, mais pour un investissement lourd
(31 millions d’euros).

Le Monde du 7 novembre 2021
576 TPA Toolbox Energy Book 7 — Renewables
TPA A
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1st SWAC : Intercontinental Hotel in Bora-Bora
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2d SWAC : Tetiaroa Hotel Moskito Island

Richard
‘ ranson
REFUGIE
e i # CLIMATIQUE
Water depth =960 m L -
Pipe length = 2 km

SAUVER LAPLANETE

Pipe HDPE dia =120 mm
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3rd SWAC: CHFP
(Centre Hospitalier de Polynésie Francaise a Taaone)

= |ocal technique
SSATE

3 . ﬁ ...“'.m F- -~

Complexe récifal

Water depth =900 m
Rejet eau 13° Passe de Taunoa Pipe Iength - 3,8 km

a 5 métres

de profondeur Pipe HDPE dia = 4”

Aspiration eau 4°
a 880 metres
de profondeur

12°c

eau douce : 7-12°C

Pri Féchangeur
Aspiration : 3800 mi - DN 710 mm -

Rejet : 200 mi - DN 710 mm P —
eau tempérse.

Reseau prrmare Résea secordare
FAUDEMER  EAUDOUCE

Crooctan
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Osmotic Power

TPA 580 TPA Toolbox Energy Book 7 — Renewables {9@
b

Sharing Experience



Osmosis phenomenon

Osmosis occurs when two
solutions containing different
concentrations of solute are
separated by a selectively
permeable membrane. Solvent
molecules pass preferentially
through the membrane from the
low-concentration solution to the
solution with  higher solute
concentration. The transfer of
solvent molecules will continue
until equilibrium is attained.
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Semi-permeable membrane

Osmosis in a U-shaped tube =
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solution
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ELECTRIC POWER GENERATION BY OSMOSIS

M

P11t

The generation of “osmotic
power” uses the osmotic
pressure difference between
fresh river water (hypotonic) and
: salted sea water (hypertonic)

Pressure-retarded osmosis =
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Prototypes in Netherlands, Norway, France

Joint development of Redstack, FujiFilm and institute Wetsus

Afsluitdijk dam- Net‘herlands.TPAT R
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Osmotic station

La sociéte publique norvéglenne
Statkraft lance Ie premier prototype .
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pour produire de I'énergie propre & la mer

’

e
|

, L'eau salée
fait tourner
Bla turbine
produisant
I'électricite

Membrane
semi-permeéable
qui ne laisse

passer que I'eau
. douce

80 a 90°% de l'eau douce
MER traversent la membrane vers
I'eau salés, Ce déplacement
geénare une surpression
sur la masse d'eau salée _

qui est canalisée a0
vers une turbine -

Echangeur
Eau salée
(haute densite) de pression
« =]
: ;
%
5 :
=
2 3
Eau saumatre
(mélange d'eau 9/1/,5
douce el d'eau RE /J
38’98; t?gwé?er Eau douce <
PO SugImien (faible densité)
la pression s Fau douce restante rejetée -
-I-P A 584 TPA Toolbox Energy Book 7 — Renewables ‘9@
b

Sharing Experience



Osmotic station

Eau salée rejetées o

& la mer ==
MER Réservoir d'eau salée
avec augmentation de Turbine génératrice
pression d'électricité
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semi-permeable
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Osmotic station

Station
osmotique pilote
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Osmotic station
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Osmotic station
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et de filtration
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Osmotic station
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Osmosis electricity production outlook
What about environment ?

The pilot plant on the Afsluitdijk produces 50 kWh of blue-energy ,
using fresh |Jsselmeer water and salt water from the Wadden Sea.

But at this current location the potential production of blue-energy could
be sufficient for the energy requirements of 500,000 households.
Global prospect :

An exploration of suitable rivers in the world shows that there

IS a potential electricity production of 1,600 TWh annually.
Environment :

No COZ2 emissions but necessary attention to sea life:

Each species of aquatic plant and animal is adapted to survive Iin
either marine, brackish, or freshwater environments.
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Cost range of Marine Energy (Tentative)
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UK tidal stream sites
Uncertainties on costs

TPA
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LCOE Estimates for Tidal Stream Energy in UK & France
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LCOE Estimates for Marine Technologies - Uncertainties on costs
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