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

LUC Benoît, PERSILLON Philippe, CORDIER Jean-Pierre, PAPÉE Jean, MULLER Isabelle, 

DEUTSCH Denis, FOURCADE Bernard, MICHAUD Olivier, SAINCRY Daniel, FOURNIÉ François, 

CHOUX Jean-Claude, BERA Jean, GUYS Philippe, DE MERVILLE Eric, DUMAY Jean-Michel, 

VALDELIÈVRE Michel, FONTAINE Jean-Marc, FERRIER Jérôme, BITEAU Jean-Jacques, PETTEAU 

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

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

GAS

# 654 EJ

= 15,6 Gtoe*

Source: Data from IEA WEO 2025. Nota: Sums might not be equal to 100% due to rounding

Solid Biomass: tradit. wood & charcoal & solid residues. Modern Bioenergy: liquid & gaseous bioenergy (biofuels 

& biogases) Renewables: Solar, Wind, Geothermal, Marine Energy,…

SOLID BIOMASS
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Total Final Consumption – 2024
+ 2,0% vs 2023

# 453 EJ = 10,8 Gtoe

By type of Fuels By sectors
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Nota: Sums might not be equal to 100% due to rounding
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Source: Data from IEA WEO 2025
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12 January 2026  Climate change - Energy transition

Renewables (%)

Renewables
(Gtoe)

8%

14,1 Gtoe15,6 Gtoe

16%

1,12,4

different statistical concepts

Commercial world 
Primary Energy

Total world 
Primary Energy vs

Renewable Energy sources in the World
Primary Energy Production

Biomass/Bioenergy
Hydro
Others

62%

16%

23%

15%

35%

50%
Commercial Primary Energy excludes traditional use of biomass

& includes modern liquid and gaseous bioenergy
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Published figures need a correct understanding:
Installed Power vs Delivered Energy 

◆ Availability Rules of thumb (*)

◼ Fossil – Biomass             80-90%

◼ Nuclear                                   80-90%   

◼ Geothermal                             85-95%

◼ Hydroelectricity                     35-40%

◼ 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)

Average time percentage of electricity production equivalent

to the installed nominal power:

90% of published figures are MW (installed power) while 10% are MWh 

(delivered energy).  Different concepts for Availability or Capacity factor 

Energy = Power x Time

Energy expressed in Wh (Watthour)

Power expressed in W (Watt)

1 W         x24 hoursx365 days =  8760 Wh/year

Nota: Availability/Capacity Factor must not be 

confused with installation efficiency ratio.
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REN21 Global overview



15 TPA Toolbox Energy Book 7 – Renewables 

REN 21 Global Overview 2025

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Renewable share of Final Energy Consumption

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Renewable share of Electricity Generation

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Net Energy Importers & Exporters

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Global Investments in Power Grids by Regions

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Energy Storage – Global Installed Capacity by Type

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Electric Vehicles Sales

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Countries with Energy Transition Policies

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025

Countries with Energy Transition Policies

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025
Countries with Fiscal & Financial Policies in favor of Renewable Energy

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025
Fossil Fuels Subsidies vs Renewable Energy Subsidies – A trend to be reversed…..

Source: REN21 -  Renewables 2026 Global Status Report
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REN 21 Global Overview 2025
Global Investments in Renewables and Low-Emission Technologies

Source: REN21 -  Renewables 2026 Global Status Report

Global Investment 2025:

2,3 G$
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Evolution of Renewable Power Capacity, including Hydropower: 

1000 GW in 2007, # 5200 GW in 2025

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

Bioenergy includes solid & liquid biofuels, bagasse, renewable waste
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Source: ChG/Data from IRENA Renewable Capacity Statistics April 2026

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

(GW)

New Renewables vs Nuclear

Capacity 

Mid 2023 (GW)
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Key position of Hydropower in the Renewable Electricity 
Generation worldwide

(TWh)

Source: Data from IRENA Renewable Energy Statistics 2026

Nota: Hydro excludes pump storage & includes mixed plants

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

(TWh)

Source: Data from IRENA Renewable Energy Statistics 2026

Nota: Hydro excludes pump storage & includes mixed plants

Bioenergy incudes solid & liquid biofuels,  bagasse, renewable waste
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Hydroelectric Power and Biomass are 
today the most important contributors to 

renewable energy in the primary energy mix 
(12%)
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Also, some constraints to be accounted for

Source: TotalEnergies-Cap Gemini/Energy Landscape September 2021 
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What Dam is it?



35 TPA Toolbox Energy Book 7 – Renewables 

Pb of Acceptability of Land Usage, Solar plants, Wind farms,…. 
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Some examples – Historical evolution
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Example 1: Brazil
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The Case of BRAZIL

Brazil energy mix evolution 1990 – 2022

Important Growth of Bioenergy

Source; IEA Key Energy Statistics 2021
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The Case of BRAZIL

Brazil energy mix 2023

Oil, Biofuels & Hydroelectricity

Source; IEA Brazil Countries & Profiles 2026
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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                              :    11%

*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
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The Case of BRAZIL

General Features

Source: IEA Latin America Special Report  2023
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The Case of BRAZIL

General Features

Source: IEA Latin America Special Report  2023
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The Case of BRAZIL

Energy Policy

Source: IEA Latin America Special Report  2023
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The Case of BRAZIL

Major infrastructures in Brazil

Source: IEA Latin America Special Report  2023
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The Case of BRAZIL

Final Energy Consumption

Source: IEA Latin America Special Report  2023
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The Case of BRAZIL -  Electricity Generation 2000-2018

Hydroelectricity N°1

Source: IEA Brazil 2025
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The Case of BRAZIL

Electricity Generation by Fuels & Scenarios

Source: IEA Latin America Special Report  2023
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The Case of BRAZIL

Fuels Demand & Production vs Scenarios

Source: IEA Latin America Special Report  2023
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Itaipu Dam
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Example 2: European Union
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By 2020   - 20% GHG vs 1990

+ 20% by 2020

EFFICIENCY

BIO-FUELS

10 %  2020

binding

E-ELECTRICITY HEATING & COOLING

By 2020   20%  RENEWABLES

(France: 23%) 

NATIONAL TARGETS and ACTION PLANS 

EU: The Key Drivers - 3x20% by 2020

European Council March 2007, integrated in tle law in 2009
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By 2030   - 40% GHG vs 1990

+ 32,5% by 2030

EFFICIENCY

BIO-FUELS E-ELECTRICITY HEATING & COOLING

By 2030   32%  RENEWABLES 

NATIONAL TARGETS and ACTION PLANS 

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%
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New objectives of European Council 2021

-55% GHG Emissions by 2030 vs 1990
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The EU Policy = A 32% Renewables share by 2030:

Policy issues to resolve for achieving the objective 

Burden Sharing

National mesures

Trading EU-wide?

Penalty
Data issues

Impact on EU ETS
Technical issues:

Grid capacity,…
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Hydroelectricity in Norway
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Norway -  Main figures 2023 & 2050

Source: Norway DNV 2024
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Norway -  Main policy factors

Source: Norway DNV 2024
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Norway -  Energy Demand

Source: Norway DNV 2024
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Norway -  Priority to Electric Vehicles

Source: Norway DNV 2024
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Norway -  Transport Sector

Source: Norway DNV 2024
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Norway -  Final Energy Demand

Source: Norway DNV 2024
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Norway -  O & G Production & Primary Energy Demand

Source: Norway DNV 2024
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Norway -  O & G Demand by Sector

Source: Norway DNV 2024
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Electricity in Norway 2000 - 2050

Source: Norway DNV 2024
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Energy Exports & GGH in Norway 2000 - 2050

Source: Norway DNV 2024
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Renewables Installed Capacities in Norway 2000 - 2050

Source: Norway DNV 2024
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Norway Wind Electricity LCOE & Solar Installed Capacities 2020 - 2050

Source: Norway DNV 2024
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Norway and Hydrogen 2020 - 2050

Source: Norway DNV 2024
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Norway Energy Trade

Source: Norway DNV 2024



72 TPA Toolbox Energy Book 7 – Renewables 

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 CO2 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.
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Trends/Perspectives

1-2
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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
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Trends in Renewable Energy costs curve

2005 Vision 

Source: EAO/NREL (US Deparment of Energy)

COE: Cost Of Electricity
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Trends in Renewable Energy costs curve

2005 Vision 

COE: Cost Of Electricity

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

2005 Vision

COE: Cost Of Electricity

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

2005 Vision

COE: Cost Of Electricity

Source: EAO/NREL (US Deparment of Energy)
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Costs Reduction (Total installed costs) 

from 2010 to 2020 (World Average)

Source: IRENA 2021

- 30% for Wind 

- 80% for Photovoltaïc
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Average Global Costs Reduction 2014 - 2022 for Selected Technologies

Source: IEA WEO 2023
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Source: Mycle Schneider WNISR 2025

Average Global Costs Reduction 2009 - 2025 for Selected Technologies
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Source: Mycle Schneider WNISR 2025/IRENA 2024

Average Global Costs Reduction 2010 - 2023 for Selected Technologies
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Reminder - Trends in Solar Energy costs curve

Capex/kW are decreasing substantially

Source: IEA WEO 2019/IRENA

2018

2010

2015
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Reminder - Auction Results for Solar PV in India

From 250 $/MWh in 2010 to 50 $/MWh in 2017

Source: IEA WEO 2017
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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. 

Source: IEA World Energy Investment 2024
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Average Global Costs Reduction 2010 - 2022 

for Selected Technologies

Source: IRENA World Energy Transition Outlook 2022
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Average Global Costs Reduction 2015 - 2023 

for Selected Technologies

Source: IEA WEO 2024



88 TPA Toolbox Energy Book 7 – Renewables 

Average Global Costs Reduction 2014 - 2023 

for Clean Energy Technologies – End of a declining trend?

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



89 July 2024  Climate change - Energy transition

Total Primary Energy Consumption
1,5°C Scenario by IRENA 2024

Source: IRENA World Energy Transition Outlook 2024

Nota: IRENA 1,5 °C scenario is slightly different from IEA NZE scenario 

NZE



90 July 2024  Climate change - Energy transition

Total Final Energy Consumption
1,5°C Scenario by IRENA 2024

Source: IRENA World Energy Transition Outlook 2024

Figures are slightly different from those from IEA WEO 2024

# 9,4 Gtoe # 8,5 Gtoe

NZE
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Source: IEA Renewables 2025 – October 2025

A huge boost of Renewable Electricity – IEA 2025
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A huge boost of Renewable Electricity in all Regions – IEA 2025

Source: IEA Renewables 2025 – October 2025
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A huge boost for Solar and Wind Energy 2024-2030 - IEA 2025

Source: IEA Renewables 2025 – October 2025
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To a less extent, Hydropower 2024-2030 - IEA 2025

Source: IEA Renewables 2025 – October 2025
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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

Source: IEA Renewables 2025 – October 2025
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Electricity generation is going to grow extensively thanks to 
Solar and Wind Energy (VRE) 2015-2030 - IEA 2025

Source: IEA Renewables 2025 – October 2025
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Electricity generation: Northern Europe countries are the champions for the 
use of Variable Renewable Energy - IEA 2025

Source: IEA Renewables 2025 – October 2025
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Variable Renewable Energy needs fine tuned management to secure 
stability of Electricity networks - IEA 2025

Source: IEA Renewables 2025 – October 2025
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Investments
See BOOK 2 – Chapter 15

1-3
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Reminder - Energy Investments flows 2015 – 2022 by IEA 2023

A shift from Fossil Fuels to Clean Energy development

Source: IEA WEO 2023
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Potential/Diffusion/

Network

1-4
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RENEWABLE RESOURCES : WHICH POTENTIAL IN THE WORLD? 

Nota: 1 TWyr = 8760 TWh # 750 Mtoe
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RENEWABLE RESOURCES : WHICH POTENTIAL IN THE 

WORLD  AND  WHICH COSTS? 

Hydro 2050

Subsidies

Hydro

 2008

PV 2008

Marine energy 2008

Wind 2008

Biomasse 2050

Biomasse 2008

Geothermal energy 2008

Geothermal energy 2050

Wind  2050

PV 2050

Marine Energy 2050

No Subsidies

More exploitable Potential Less exploitable Potential

Storable and flexible

Storable

Volatile Source: Y.Bamberger
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A 2016 Vision: RENEWABLE RESOURCES

INTEGRATION IN A NEW- BUILT NETWORK 

Source: Total 2016
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Subsidies

1-5
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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
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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?
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The drivers to get renewable energies competitive

Source: IEA 2011
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Renewables Subsidies by Type

IEA 2017 Central Scenario

Source: IEA WEO 2017
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The question of Intermittency
See also Book 2 Energy – Chapters 10 & 11

1-6
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Typical seasonal variations in daily Demand

for Electricity in UK

Source: UK Energy Center
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Illustration: Typical winter daily Demand

for Electricity (Example: Europe)  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Solar Energy 

Supply

Back-up needed

Hours

Demand
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Renewables fluctuations require very rapid ramping of 

load-following plants (The « Duck Curve »)

Source: M.Rothleder /California ISO 2013

Illustration: Daily Net load structure in California

Impact of Solar Energy supply
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Example of Intermittency: Saint-Nazaire Wind Farm – France

Electricity Generation from 15 january to 10 March 2023 

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%

Source: Energygraph/ENTSO-E
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Competitiveness

1-7
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The competitiveness of Energy Sources

the Leverage Cost Of Electricity (LCOE)

(See BOOK 2 Energy, Chapter 17)
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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 Ardèche - 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
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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 We + 150 MWth 
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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
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A Zoom on France

History of Energy Plans PPE’s

See also Book 2 –Energy - Chapter 5

1-8
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France – Programmation Pluriannuelle de l’Énergie (PPE)

Published in February 2026 

 

Source: 
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France – History of Laws on Energy Transition & PPE 
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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 €/tCO2 today to 56 €/t in 2020, then 100 €/t in 2050.

      Achievable objectives? 
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France

Programmation Pluriannuelle de l’Energie (PPE)

published in January 2019, adopted in April 2020
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Programmation Pluriannuelle de l’Energie (PPE)

published in January 2019, adopted in April 2020
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Source: Ministère de la Transition Ecologique et Solidaire
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France PPE 2020: Some figures

Source: Ministère de la Transition Ecologique et Solidaire
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1TWh # 8,6 10-2 Mtoe

France: Evolution of Primary Energy Consumption by EI (TWh)

# 1,4% of World Primary Energy Consumption in 2024
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Source: Ministère de la Transition Ecologique et Solidaire

PPE 2020: Evolution of Primary Energy Consumption (Mtep)
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PPE 2020: Evolution of Final Energy Consumption by vectors (TWh)

Source: Ministère de la Transition Ecologique et Solidaire
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PPE 2020: Evolution of Final Energy Consumption by sectors (TWh)

Source: Ministère de la Transition Ecologique et Solidaire
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France – Situation of Renewable Energy for 

Electricity Production - Situation 2013 & PPE 2020

Technologies Instal. Power

End 2013 

(GW)

Production 

2013 

(TWh)

Instal. Power

End 2017 

(GW)

Instal. Power

End 2023 

(GW)

Instal. Power

End 2028 

(GW) 

Hydro 25,7 75,7 25,7 25,7 26,4 – 26,7

PV 5,4 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 + 

Marine Energy

0,0 0,4 0,2 2,4

(Floating: 0,1)

4,7 – 5,2

Biomass 0,0 2,4 0,8 0,8 0,8

Biogas 0,0 1,5 0,1 0,3 0,3 – 0,4

Urban Waste 0,0 2,2 0,0 0,0 0,0

Total 40,8 103,2 48,6 74,0 102 – 113

Source: Data from Ministère de la Transition Ecologique et Solidaire
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PPE 2020 -  A zoom on Wind Offshore

 Ceiling Prices for future Call for Tenders Prices are declining 

Source: Ministère de la Transition Ecologique et Solidaire

Eolien en mer et Énergies renouvelables électriques – Août 2021
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France

Rapport ADEME

Coûts des Energies Renouvelables et de 

Récupération 2012 - 2022 

Edition 2024
www.ademe.fr/couts-energies-renouvelables-recuperation-france
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Warning!!

Levelized Cost of Electricity (LCOE) is very 

dependant upon the Discount Rate Value

ADEME uses Discount Rate = 4%/5%
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Discount Rate used by ADEME

between 4 and 5%

Source: Ademe Edition 2024 – Janvier 2025
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France - LCOE of various Technologies - Year 2022 

Source: Ademe Edition 2024 – Janvier 2025

Nota: For CCGT, the gas price has very much increased from 2020 to 2022 
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France - LCOE of various Technologies – 2012 - 2022 

Source: Ademe Edition 2024 – Janvier 2025

Nota: For CCGT, the gas price has very much increased from 2020 to 2022 
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France - LCOE of various Technologies – 2012 - 2022 

Source: Ademe Edition 2024 – Janvier 2025

Nota: For CCGT, the gas price has very much increased from 2020 to 2022 
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PV « Moyennes toitures » LCOE evolution

Source: Ademe Edition 2024 – Janvier 2025
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PV « Moyennes toitures » Capex evolution

Source: Ademe Edition 2024 – Janvier 2025
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PV au sol LCOE evolution

Source: Ademe Edition 2024 – Janvier 2025
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PV au sol Capex evolution

Source: Ademe Edition 2024 – Janvier 2025
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Wind onshore LCOE evolution

Source: Ademe Edition 2024 – Janvier 2025
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Wind onshore Capex evolution

Source: Ademe Edition 2024 – Janvier 2025
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Small Hydroelectricity LCOE evolution

Source: Ademe Edition 2024 – Janvier 2025
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Gas Power plant CCGT LCOE evolution

Source: Ademe Edition 2024 – Janvier 2025
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Gas Power plant CCGT - Impact of Gas Price & Carbon Price

Source: Ademe Edition 2024 – Janvier 2025
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TotalEnergies Positionning
(See Book 2 Energy, Chapter 7 

& Book 4 Oil, Chapter 13)

1-9
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A Challenge:

The Criticality of Mineral Materials & Rare 

Earth Elements Resources

(See Book 2 Energy, Chapter 14) 

1-10
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The Criticality of Mineral Materials 

& Rare Earth Elements
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Source: US Department of Interior/USGS 2021

Periodic Table of Elements
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Source: Ademe /Geldron

More and more Materials are needed for 

Industry

Needs for Energy, Car Industry, Defense, 

Lasers, Medical sector, Technologies of 

Information & Communication 
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Dismantlement and Recycling 

1-11
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A Challenge:

The Treatment of Dismantlement and 

Recycling

of Renewables Energy Equipment 
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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)

➢ # 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.  
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Recycling of Renewables Energy 

Equipment – Example: Solar PV  

Source: IRENA/IEA 2016

End of Life Management – Solar PV Panels

2023: # 1400 GW

  PV  Installed Capacity
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Recycling of Renewables Energy 

Equipment – Example: Solar PV  

Source: IRENA/IEA 2016

End of Life Management – Solar PV Panels
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Recycling of Renewables Energy 

Equipment – Example: Solar PV  

Source: IRENA/IEA 2016

End of Life Management – Solar PV Panels
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Recycling of Renewables Energy 

Equipment – Example: Solar PV  

Source: IRENA/IEA 2016

End of Life Management – Solar PV Panels
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Recycling of Renewables Energy 

Equipment – Example: Solar PV  

Source: IRENA/IEA 2016

End of Life Management – Solar PV Panels

PV Panels Recycling System

(Copper Indium Selenide)

(Ethylene Vinyl Acetate)
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Recycling Plant Solar PV panels – Saint-Loubès/France

Since 2015, 20000 solar panels have been recycled  

Source: La Tribune – Agence APPA – Envie 2E Aquitaine
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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.
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Wind Energy
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BOOK 7 - TABLE OF CONTENTS

1. 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

2. Wind Energy

3. Solar Energy

4. Biomass Energy

5. Geothermal Energy

6. 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

2-1



169 TPA Toolbox Energy Book 7 – Renewables 

Conceptual power curve of a wind turbine
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Wind energy resource

Wind speed and POWER
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Theoretical maximum recoverable energy

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

Turbines power curve
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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%
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Electricity Production versus installed Power

wind speed (m/s)
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Recoverable/Productible gross

Productible net   

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

Net production ≈ 25 % of Wind Energy

60%

30%

25%

Available
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Output Power of a windmill

Pmax = 1/2*0,59*ρ*Q*v2

                              (Betz law limit)

                                 Q = A*v

                          Pmax # 0,30*ρ*A*v3

Pmax = Maximum Output Power in kW

ρ = Air density (1,225 kg/m3)

Q = Air flow (m3/s)

A = Swept area of the blades in m2

v = Wind velocity in m/s
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14 MW Siemens Gamesa – Max power coefficient

Pmax # 0,30ρAv3

ρ = 1,225 kg/m3

A = 39,000 m2

V = 11 m/sec

Pmax # 19 MW
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Proof of the Betz Law
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Energy conversion « from the wind to the electron »
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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 Electric energyMechanical energy

16/27 75 to 80%
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Betz Law - Kinetic Energy

v: Speed of the air flow
ρ: air density (supposed constant)

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

ΔEk = 1/2mv2 = 1/2ρSdlv2

dl = vΔt                   ΔEk = 1/2ρSv3 Δt

Kinetic Power = Pk = ΔEk/Δt
Pk = 1/2ρSv3

   

t   t+Δt 

dl      dl

S
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Betz Law

Air stream tube schematic

S1

V1

S

S2

V

V2

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 
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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 Δt (Conservation of mass)

Q = m/Δt     Q =  ρSvΔt/Δt = ρSv = Cst

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

Power lost in the air stream tube:

Pw = P1 – P2 = 1/2ρ(S1v13 – S2v23) = 1/2ρS1v1(v12 – v22)

Pw = 1/2ρSv(v12 – v22)

Betz law
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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 = FvΔt

The wind turbine receives a mechanical power Pt:

Pt = Wt/Δt                 Pt = Fv

The force equals the variation of momentum:

p = mv

F = Δp/Δt = Δmv/Δt= mΔv/Δt = ρSdl Δv/Δt

F = ρSv(v1 – v2)

Pt = ρSv2(v1 – v2)

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

Pw = Pt          1/2ρSv(v12 – v22) = ρSv2(v1 – v2)

Therefore,     v = 1/2 (v1 + v2) 

And                Pt = 1/4ρS(v1 + v2)2(v1 – v2)
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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 = 1/4ρS(v1 + v2)2(v1 – v2)

P1 = 1/2ρSv13

Cp = 1/2 (v1 + v2)2(v1 – v2)/v13

Let’s define x = v2/v1

Cp(x) = 1/2 (1 + x)2(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 * 0,5926ρSv13 # 0,30 ρSv13
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Betz law – Max power coefficient
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Wind Energy Markets

2-2
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Evolution of Installed Wind Power Capacity (GW)

N°1 China, N° 2 US
Total 2025: # 1290 GW out of which 79 GW offshore (7,1%)
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New Wind Installations History 2001-2024 (GW)

Source: GWEC Global Wind report 2025
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New Wind Installations Outlook 2020-2024 (GW)

Source: GWEC Global Wind report 2025
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New Wind Installations Outlook 2021-2030 (GW)

Source: GWEC Global Wind report 2025
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New Onshore Wind Installations by country 2020-2024 (GW)

Source: GWEC Global Wind report 2025
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New Offshore Wind Installations by country 2020-2024 (GW)

Source: GWEC Global Wind report 2025
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Offshore Wind Annual Installed Capacity 

Forecast 2030-2050

Source: GWEC Global Wind report 2023

2022       64 GW

2030     430 GW

2050  2,000 GW

The global offshore wind sector 
expects to grow rapidly and 
account for circa 20% share of the 
total wind capacity installed in 
2030.
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Global Wind Annual Outlook for new Capacities 2024 - 2030

Source: GWEC Global Wind report 2025
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A Zoom on Europe
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Installed Wind Power Capacity in Europe (GW) 

Source: Wind Europe 2025
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Installed Wind Power Capacity in Europe (GW) 

Source: Wind Europe 2025
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Installed Wind Power Capacity in EU (GW) and projections 

Source: Wind Europe 2025
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Investments in new Wind Farms in Europe (G€)

Source: Wind Europe  2025
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Investment Intensity of Wind Energy in Europe (€/MW)

Source: Wind Europe  2025
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Wind Energy – Turbine size evolution

Source: Wind Europe  2025
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Avoided CO2 Emissions

Source: Wind Europe  2025
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Wind Offshore overview in Europe

Source: Wind Europe, Ministère de la Transition Energétique, le Figaro
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Wind Offshore overview in Europe
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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.

2-3
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Offshore Wind Farms

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

Source: IEA WEO 2019
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Offshore Wind: a typical project schedule

Zones & sites

Identification

1-2 years

Development studies

FEED

3-6 years

EPCI Preparation 

&

Construction

2-4 years

Operations +

5 years extension

20-25 years

Decommissioning

1-2 years

Total project duration 30 to 40 years

FID 

Final / 

Investment / 

Decision

Auction

Tender submission

Clarifications

Developer award

COD 

Commercial /

Operations / 

Date

Project development



209 TPA Toolbox Energy Book 7 – Renewables 

Zones & Sites Identification

◆ 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)

OFFSHORE 

SITE

GRID CONNECTION
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Project Development : Environment Analysis

Geotechnical-meteocean

Biodiversity Stakeholders



211 TPA Toolbox Energy Book 7 – Renewables 

Project Development : Engineering Studies

UNCERTAINTY INFORMATION

Evaluation Studies Evaluation Studies Evaluation Studies EPCI construction Operations

Cost Estimate ±50%
Cost Estimate ±20-

25%
Cost Estimate ±10-15%

 IDENTIFY 

development 

options

 IDENTIFY 

uncertainties & 

risks

 IDENTIFY 

enabling & 

enhancing 

technologies

 UPDATE viable 

concepts as 

needed with 

appraisal data 

 SCREEN 

concept options 

(risk-based)

 SELECT 

concept

 Final design

 Project budget 

finalization

 Execution 

fabrication 

installation

 Define concept

 Define basis

 BENCHMARK  

costs from 

vendor quotes

 Define schedule

 Refine CAPEX & 

OPEX

 CAPTURE 

Operations 

feedback for 

new 

technologies

 BENCHMARK 

operating costs

Conceptual 
Engineering

Preliminary 
Engineering
(Pre-FEED)

Front-End 
Engineering & 
Design (FEED)

Detailed 
Engineering & 

Execution

Operations 
Support

Cost Estimate ±5%
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Project development : Procurement & Construction
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Offshore Wind: A zoom on Geosciences

Source: Nicolas Nosjean
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Offshore Wind: A zoom on Geosciences

Source: Nicolas Nosjean
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Offshore Wind: A zoom on Geosciences

Source: Nicolas Nosjean
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Offshore Wind: A zoom on Geosciences

Source: Nicolas Nosjean
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Offshore Wind: A zoom on Geosciences

Source: Nicolas Nosjean
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Offshore Wind: A zoom on Geosciences

Source: Nicolas Nosjean
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TurbinePower 3MW

Turbine AXIS Height above sea 70 à 75 m 

Rotor diameter 90 à 100 m (tri-blade)

Rotor rotation speed 10 à 15 tr/mn 

        Nominal Wind speed 13 m/s

        Minimum Wind speed 4 m/s

        Maximum Wind speed 25 m/s

Design extrem speed 72 m/s, 3 secondes

Power control through blade Orientation System

O
p

e
ra

tin
g

c
o

n
d

itio
n

s

Offshore Wind installations

A Zoom on the turbine selection – An old model!
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Operations & Maintenance
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Offshore Wind Technology 

Bremerhaven site (Germany) and Saint-Nazaire (France)

Construction – Installation - Maintenance 

Source: Areva Wind/WeserWind GmbH
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Wind Offshore equipment – Saint-Nazaire/France

New Power: 12 MW - New rotors: 750 tonnes
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Decommissioning

Vindeby 5 MW 

Denmark

Installed 1991 / 

retrieved 2017



224 TPA Toolbox Energy Book 7 – Renewables 

The key Developers

Source: Northland Power website



225 TPA Toolbox Energy Book 7 – Renewables 

Offshore Wind Farm: The main components
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The supply chain



227 TPA Toolbox Energy Book 7 – Renewables 

WTG (Wind Turbines Generators)

14 MW GE-ALSTOM 14 MW SIEMENS GAMESA

Swept area : 43 000m2

Rotor diameter : 236m

Blade length : 115,5m

Serial production : 2024

15 MW MHI 

VESTAS
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WTG : the chinese suppliers

Chinese announcements  EARLY 2023 : 18 MW the new standard
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Foundations
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Installation Vessels
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Array & export cables
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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
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Offshore substation supply

HVAC (L<100km) : Small 

2,000tons jacket/topsides 

in UK, France, Denmark…

HVDC (L>100km) : Large 

20,000tons platform/hub in 

Germany
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Offshore substation installation

All solutions have been used for large 

substation platform installation offshore :

- Floatover

- Lifting

- Towing

- Jacking up…

For small substation platform : 

conventionnal installation method of the 

Oil & Gas industry is used. 
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Offshore Wind Key Facts
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O.W.F. (Offshore Wind Farm) : the concept

Onshore concept

64 GW offshore
End 2022

Bottom Fixed       99,8%

Floating                  0,2%

Bottom-Fixed

Floating
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Numerous reasons to go offshore
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O.W.F. trends : Further, Deeper & Larger

Source: Roland Berger Wind Study 2013

Offshore wind farm in 2013

Distance to shore : 100 km

Water depth : 50 m

Farm size : 340 MW

Wind turbine power : 7MW

Offshore wind farm in 2022

Distance to shore : 150 km

Water depth : 70 m

Farm size : 1,200 MW

Wind turbine power : 14MW
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Bottom Fixed Offshore Wind : the concept

Bottom-Fixed for water depth below 60m

Monopiles

Jackets

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

Floating for water depth above 60m

SPAR

TLP(Tension Leg Platform)

Semi Submersible
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Bottom Fixed Offshore Wind : a mature industry

1981 2022

Hornsea 2

1,400 MW

8,5 MW

165

170 m

89 km
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F.O.W.F. : new industry on path to commercialization

Proof of Concept

Pre-commercial

Commercial



243 TPA Toolbox Energy Book 7 – Renewables 

100+ concepts in development towards commercialization!!!
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Various basic concepts
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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

SPAR
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Proof of concept : BW Ideol Floatgen demo project

• 3 years + test

• Connected to the grid

• New concept : damping pool

• Floater in concrete / turbine support in steel

• Operational since 11/2017

Concept : Barge damping pool

Developer : Ideol 

Size : 2 MW Vestas

WD : 33m

Operations : since 2017

Status : operational

Barge



247 TPA Toolbox Energy Book 7 – Renewables 

Pre-commercial : 2 proven concepts in operations

SPAR

Semi submersible
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Pre-commercial : Equinor Hywind Tampen

Decarbonising O&G 

platforms

Water Depth = 260 / 300m

11WTG x 8MW 

550 M$ CAPEX

Operational 2022
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Commercial : floating array market

Source Aker Offshore Wind

Key regions 15GW of OWF floating awarded in 1/2022

5 GW of OWF floating with COD scheduled in 2026

Key prospects
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Wind offshore – New ideas…..

Source: Wind Catching Systems (Norway) 
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The Wind Energy Programme & PPE in France

See also Book 2 Energy – Chapter 5
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Source: Ministère de la Transition Ecologique et Solidaire
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Reminder PPE : Ceiling Prices for future Call for 

Tenders Prices are declining 

Source: Ministère de la Transition Ecologique et Solidaire

Eolien en mer et Énergies renouvelables électriques – Août 2021
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Offshore wind projects status in France (end 2022)

• 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
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AO1-AO3 : 6 bottom-fixed commercial projects under construction

Each circa : 500MW size  / 2B€ Capex
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5 ongoing tenders : Appel d’offres (AO4 to AO8) as of 4/2023

AO4 : award to EDF  (4/2023)

Competitive landscape fixed AO8           

Competitive landscape fixed AO6
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1 proof of concept project in ops – 3 pre-commercial projects 

under construction

• Concept/Developper : initially 4 & 

now 3 after Shell decision to 

withdraw from Groix- Belle Ile 

project

• CAPEX : 200M€ 

• Size : 30MW

• WD : 70-100m

• Operations : starting 2022/23

• Status : under construction

Proof of concept

(Installed Q4 2017)

Pre-commercial

(to be Installed in 2023/2024)
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Offshore wind farms status early 2022

Source: Révolution énergétique – janvier 2022 
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Offshore wind farms status : target for COD
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3 main manufacturing sites in France
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Harbours development
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Wind Offshore overview France
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Wind Energy, the approach of 

TotalEnergies

2-4
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2003 Mardyck: a demonstration project,

located close to a Total refinery

◆ 5 multi-megawatt wind turbines 

from 3 Manufacturers 

◆ 12 MW installed capacity, 

which represents the domestic 

consumption of 15.000 people

◆ a land leased for 25 years

◆ commissionned in November 

20031

2

3

5

4

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 80 m 80 m 

Rotor diameter (3 blades) 104 m 80 m  80 m 

Rotor speed (rpm) Variable,  
7,5 to 13,5  

Variable,  
10 to 19 

Variable,  
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 
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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
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2019 TotalEnergies entering the Wind market

Expand our 

presence 

across the 

entire natural 

gas chain

Focus on low-

breakeven oil 

projects

Develop a 

profitable low-

carbon 

electricity 
business

TOTAL INTEGRATES CLIMATE 
CHALLENGES IN ITS STRATEGY

Invest in 

carbon 

neutrality
businesses
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TotalEnergies Energy Outlook 2022

Based on current 

trends

Requires disruptive 

technological or 

regulatory changes

MOMENTUM

two scenarios:

RUPTURE

Source : TotalEnergies Energy Outlook Scenarios 2022
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2025 Objective : 35 GW gross capacity installed

12

BD

3
G

W
/y
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TotalEnergies overall OWF(Offshore Wind Farm) portfolio (end 

of 2022)

Source : TotalEnergies Shareholders’ Newsletter Fall 2022
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Ongoing Offshore Wind Project with TotalEnergies partner
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SEAGREEN 1,1 GW Bottom-Fixed project

• JV : TotalEnergies (51%) – SSE (49%)

• Area : 2,865km2

• Distance offshore : 27km-80km

• Water depth : 30m - 70m

• Development capacity : 1,075MW

• 114 WTG 

• Avoid 1.6 million tonnes of CO2 / year

• COD : 2024
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EOLMED 30 MW floating pre-commercial project

◆ Qair (70%) - TotalEnergies (20%) - Public (10%)

◆ 18 km offshore Gruissan 

◆ WD = 62m

◆ 30 MW : 3 WTG 10MW Vestas

◆ COD : 2024
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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.
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BADA GRAY WHALE 2 GW floating project (large scale commercial) 



275 TPA Toolbox Energy Book 7 – Renewables 

2021-2022 OWF awards
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West Oakney Offshore Wind Farm 2 GW project (awd. 01/2021)

Source : SCOTWIND 2022
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Outer Downsing Offshore Wind Farm 1,5 GW project (awd. 02/2021) 
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Yunlin Offshore Wind Farm 640 MW project Taiwan (awd. 04/2021)

Paris, April 29th, 2021 – Total has signed an 
agreement with wpd to acquire a 23% interest in 
Yunlin Holding GmbH, the owner of Yunlin 
offshore wind farm located off the coast of 
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-
price power purchase agreement (PPA) with the 
state-owned company Taipower of USD 250/MWh 
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
Template Slides OneTech279

COD
Dec, 2024

Execution
Off. Inst. 2024 

campaign started 
beginning of March 

- ongoing

MonoPiles

Today 57 installed, 
23 remaining

Wind Turbines

Today 38 installed, 
42 remaining

33 Turbines export 
Electricity

CAPEX
6G€

TTE share
29%

CO2

Taiwan

Non-Operated

640 MW (80 x 8) 
windmills

Bottom fixed 
offshore Taiwan

WD: 8 to 35m
distance to 

shore: 
8 to 17 kms

CO2
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The YUNLIN Project – Taïwan – April 2025
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The YUNLIN Project – Taïwan – April 2025
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New York Bight Offshore Wind Farm 3 GW project USA 

(awd. 02/2022)

Source : TotalEnergies website
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Carolina Long BayOffshore Wind Farm 1 GW project USA 

(awd. 05/2022)

Source : TotalEnergies website
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Wind Economics

Fundamentals

2-5
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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

Nota: In the following, raw data from IEA, US DOE, UK DBEIS, IRENA, 

Lazard, Fraunhofer ISE, WNA,……

➢ Q : Production of Electricity                  
➢ C : Capital Expenditures                         
➢ O : Operating Expenses                           
➢ F : Fuel Expenses                                       
➢ n : Economic Plant Life
➢ i : Discount Rate

 

➢ Due to discounting, 
decommissioning costs have a 
negligeable effect (included in 
Capex)

➢ For Renewables, Intermittency Costs 
are not included
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LCOE for Wind Offshore very much depend 

upon the anticipated year of commissioning

Source: WindEurope
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Wind Offshore

Some considerations on LCOE
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Nominal Capacity MW 500

Capacity each turbine MW 10

Nb of turbines 50

Duration life Years 25

Load factor % 45

Electricity Generation MWh/year 1971000

Total Electricity Generation MWh 49275000

Capex €/kW 2500

Total Capex M€ 1250

Constant Annuity @ 0% M€ 53

Constant Annuity @ 5% M€ 90

Constant Annuity @ 8% M€ 118

Opex €/MWh 15

Opex per year M€ 30

Total Opex M€ 739

Fuel cost M€ 0

Decommissioning M€ 63

Total cost M€ 2052

LCOE (not discounted) €/MWh 42

LCOE @ 5% €/MWh 61

LCOE @ 8% €/MWh 75

Constant Annuity @ 0% % 4,00

Constant Annuity @ 5% % 7,10

Constant Annuity @ 8% % 9,37

Nominal Capacity MW 250

Capacity each turbine MW 5

Nb of turbines 50

Duration life Years 25

Load factor % 40

Electricity Generation MWh/year 876000

Total Electricity Generation MWh 21900000

Capex €/kW 4000

Total Capex M€ 1000

Constant Annuity @ 0% M€ 42

Constant Annuity @ 5% M€ 72

Constant Annuity @ 8% M€ 94

Opex €/MWh 30

Opex per year M€ 26

Total Opex M€ 657

Fuel cost M€ 0

Decommissioning M€ 50

Total cost M€ 1707

LCOE (not discounted) €/MWh 78

LCOE @ 5% €/MWh 112

LCOE @ 8% €/MWh 138

Constant Annuity @ 0% % 4,00

Constant Annuity @ 5% % 7,10

Constant Annuity @ 8% % 9,37

Wind Offshore/OECD Region/Average figures – LCOE 

Comparison 2019 & Perspectives 2030

Wind Offshore – Standard Project 

Year 2019

Wind Offshore – Standard Project  

Year 2030  
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Nominal Capacity MW 250

Capacity each turbine MW 5

Nb of turbines 50

Duration life Years 25

Load factor % 40

Electricity Generation MWh/year 876000

Total Electricity Generation MWh 21900000

Capex €/kW 4000

Total Capex M€ 1000

Constant Annuity @ 0% M€ 42

Constant Annuity @ 5% M€ 72

Constant Annuity @ 8% M€ 94

Opex €/MWh 30

Opex per year M€ 26

Total Opex M€ 657

Fuel cost M€ 0

Decommissioning M€ 50

Total cost M€ 1707

LCOE (not discounted) €/MWh 78

LCOE @ 5% €/MWh 112

LCOE @ 8% €/MWh 138

Constant Annuity @ 0% % 4,00

Constant Annuity @ 5% % 7,10

Constant Annuity @ 8% % 9,37

Wind Offshore/OECD Region/Average figures – LCOE 

Comparison 2019 & Perspectives 2030

Wind Offshore – Standard Project 

Year 2019

Floating Wind Offshore

  Year 2030  

Nominal Capacity MW 500

Capacity each turbine MW 10

Nb of turbines 50

Duration life Years 25

Load factor % 45

Electricity Generation MWh/year 1971000

Total Electricity Generation MWh 49275000

Capex €/kW 4000

Total Capex M€ 2000

Constant Annuity @ 0% M€ 84

Constant Annuity @ 5% M€ 144

Constant Annuity @ 8% M€ 189

Opex €/MWh 22

Opex per year M€ 43

Total Opex M€ 1084

Fuel cost M€ 0

Decommissioning M€ 100

Total cost M€ 3184

LCOE (not discounted) €/MWh 65

LCOE @ 5% €/MWh 95

LCOE @ 8% €/MWh 118

Constant Annuity @ 0% % 4,00

Constant Annuity @ 5% % 7,10

Constant Annuity @ 8% % 9,37
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Solar Energy



292 TPA Toolbox Energy Book 7 – Renewables 

BOOK 7 - TABLE OF CONTENTS

1. 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

2. Wind Energy

3. Solar Energy

4. Biomass Energy

5. Geothermal Energy

6. Marine Energy
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Non, Nasr Eddin le Hodja n’a pas tout à fait raison!

On aimait bien embarrasser Nasr Eddin avec 

des questions oiseuses ou carrément 

impossibles à résoudre. Un jour, on lui 

demande: 

- Nasr Eddin, toi qui es versé dans les 

sciences et les mystères, 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.

Sublimes paroles et idioties de Nasr Eddin
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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!

No, Nasr Eddin Hodja is not right !
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Table of contents

1. Solar basics

2. Solar technology

3. Solar economics
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Solar basics

3-1
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Solar power is a natural long term energy champion

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

Total solar power 

received on earth:

130 000 Gtoe

World need

10-20 Gtoe

Nota: 1Gtoe # 11600 TWh

Assuming  a 

conversion 

factor of 17% 

in average:

22 000 Gtoe
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Average solar radiation = 342 W/m2
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Radiative power at the user side

Sun 

radiation

Heat

Light

Electricity

Captured with building equipment :

solar heating / cooling

Transmitted to building envelope :

passive solar heating and daylighting

Concentrated → fluid

Concentrated → thermodynamic system

Captured with PV cells → semiconductor

Concentrated and transmitted to PV cells

→ semiconductor

Electricity

Concentrated 



Other high t°

processes



300 TPA Toolbox Energy Book 7 – Renewables 

An Example: Solar potential and US global energy demand: 2,5 

Gtoe

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

residential

Off-grid

professional

On-grid

distributed

On-grid central

Solar Plants

Consumer

modules
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Solar technology

3-2
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Photovoltaic Principle
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Thermodynamic limits of photovoltaic solar energy conversion 

efficiency

Current optimum conversion efficiency

Maximum conversion efficiency

Source: Fraunhofer Institute

100%

80%

60%

20%

0%

40%

1 10 100 1 000 10 000

optical concentration

ƞ
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PV Technologies: Three main families

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 »)

Source: EPIA / RWE Schott Solar
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Ultimate

Thermodynamic 

limit 

at 1 sun

min BOS

Shockley-

Queisser 

limit

The three generations of Solar PV

Crystalline silicon

Multijunctions

Quantum dots

etc…

Monogap (in)organic thin films
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PV Technologies: Three main families & Production Evolution

Source: IEA 2022, Special Report on Solar PV Supply Chain
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The crystalline silicon solar PV value chain

Chemical or

Metallurgical

process

for purification

Installation

Operation

Casting

Sawing

Surface

treatments

Assembly

Lamination

Photovoltech

(founded in 2001)

(Total 47,8%)

Sales 2010: 80 M€

Closed in 2012

Tenesol

(founded in 1983)

(Total 50%, then 100%)

Sales 2010: 240 M€

Sold to Sunpower

SystemsModulesCellsWafersPurified silicon

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

◼ 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%:

⚫ Thinner cells: less material and energy

⚫ Large area devices

⚫ Higher efficiencies: 15% ® 20% and higher

Si Crystallisation Furnace
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From solar grade silicon to wafer

Silicon feedstock

Silicon melting

Heat

Heat

Heat

Heat

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

Source: IEA 2022, Special Report on Solar PV Supply Chain
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Who controls the Solar panels Supply Chain?
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The top 10 Utility Scale Solar Developers
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Solar PV Manufacturing: China the Leader

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

Source: IEA 2022, Special Report on Solar PV Supply Chain
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Solar PV Modules Production: China the Leader

Source: IEA 2022, Special Report on Solar PV Supply Chain
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History of laboratory records solar cells efficiencies
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Solar Panels Efficiency varies vs Temperature

➢ Solar panels are generally tested at 25°C. The nominal power 

is defined on the basis of sunlight power of 1 000 W/m2.

➢ 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:

❖ Convective air flow can cool the panels

❖  Light color material can reduce heat absorption, etc….



319 TPA Toolbox Energy Book 7 – Renewables 

Total involment in solar technology: Preparing to scale up solar energy

➢ 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
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Photovoltech: Solar cells production plant

(JV Total/GdFSuez, closed in 2012)
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Modules

Mexicali, Mexico

Modules

Toulouse, France

Modules

De Vernejoul, France

Cells and modules

Batangas & Laguna, Philippines

Cells

Melaka, Malaysia

Modules

Milpitas, 

USA

* EMEA : Europe, Middle-East, Asia

* APAC : Asia Pacific

Corporate headquarters

Factories

Distributor network

(partner network  in Japan)

Main photovoltaic installations
EMEA – APAC headquarter*

Commercial & Industrial Joint-Venture

SunPower had a global international presence

Sunpower, one of the top world solar companies,

with very efficient cells (22.8% yield)

Initially, TotalEnergies Majority Shareholder in Sunpower. 

Due to several difficulties, Supower ceased all activities in 2024
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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 
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Some Sunpower (TotalEnergies 60% in 2011, down to 32,5% in 2023) projects

➢ 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
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Solar Star - California
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Solar Star - California
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PV Salvador - Chile
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PV Salvador - Chile
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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%)
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Total’s Solar Projects in Japan
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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
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Al Kharsaa PV Plant - Qatar  (2)
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Efficiency Ratios per area - Some figures

Site Capacity

(MWp)

Cap.Fac.

(%)

Generat.

(GWh/a)

Area

(ha)

Ratio

(W/m2)

Ratio

(kWh/m2)

California Valley

Solar Ranch - California

250 24% 526 607 41 87

Antelope Valley

Solar Star - California

580 24% 1219 1300 45 94

PV Salvador - Chile 70 33% 200 138 51 145

Nanao - Japan 27 17% 40 25 108 160

Kamuthi - India 648 17% 965 1000 65 96

Cestas - France 300 13% 350 260 115 135

* Announced Capacity Factors 
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Sunpower cleaning robot

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 

Photo: J.P. Cordier TPA
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83592 Jinko solar PV Modules on 70 ha - 28 MW
Life time of solar panels guaranteed : 25 years

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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8 substations to convert Direct Current to Alternating current  (DC to AC) 

Substation 

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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One substation
Sungrow inverter 

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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Electrical transmission system
Output 220 KV for around 15 000 people- 4 villages 

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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,,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. 

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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Snow-depth measurement 

Wind speed measurement
Trackers go to stow at 11 m/s. Structure 

designed for 47 m/s to 51 m/s

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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Albedometer : Two pyranometers 

measuring  both global and reflected solar radiation 

(W/m2). For future double-sided solar panels

Albedos of typical surfaces range from about 4 % for fresh 

asphalt and 15 % for green grass to 90 % for fresh snow.

Dust monitoring system on PV modules.
In case of output difference greater than 3% , 

cleaning up by robots  

Uncleaned

Cleaned

Solar panels 

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA
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Control room 
Power generation along the day

Summer: 18 h production per day

Winter:      7 h production per day   

Time 

Power 

NOMAD Solar station -TotalEnergies EREN

Zhalagash – South Kazakhstan 

Photo: J.P. Cordier TPA



345 TPA Toolbox Energy Book 7 – Renewables 

Solar panels in China 
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Concentrated Solar Power (CSP)
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Concentrated Solar 

Power

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%

Solar Tower PS 10 (Spain)

11 MWe – Site area: 550,000 m2

Solar receivers area: 75,000 m2

Solar to power efficiency: 15-18%
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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$
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Shams Project Abu Dhabi (2)

The plant meets the electricity demand of 

30 000 households



350 TPA Toolbox Energy Book 7 – Renewables 

Shams Project Abu Dhabi (3)
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Noor Power Station

Ouarzazate Solar Power Station – Morocco (1)
Résultat de recherche d'images pour "Noor Solar farm morocco"Ouarzazate Solar Power Station is located in Morocco

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwidz_-KkuPgAhXp1-AKHe4pBYIQjRx6BAgBEAU&url=https%3A%2F%2Fejatlas.org%2Fconflict%2Fnoor-solar-power-complex-ouarzazate&psig=AOvVaw2BIbSIXUQ12k75o4T6GlTA&ust=1551605236820194
https://en.wikipedia.org/wiki/File:Morocco_relief_location_map.jpg
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Noor Power Station

Ouarzazate Solar Power Station – Morocco (2)
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Noor Power Station

Ouarzazate Solar Power Station – Morocco (3)

Basic technical principle
Résultat de recherche d'images pour "heated molten salt"

Receiver and Storage tanks 

with Molten Salt

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjctPnPo-PgAhWaBWMBHYvLAoQQjRx6BAgBEAU&url=http%3A%2F%2Fcleanleap.com%2F3-thermal-storage%2Fhow-thermal-storage-works&psig=AOvVaw0cf0319AjEfH3MC9N8mGR8&ust=1551609786549745
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Noor Power Station

Ouarzazate Solar Power Station – Morocco (4)

Basic technical principle
Résultat de recherche d'images pour "heated molten salt"

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiD1qy4pOPgAhXL6eAKHUpMCgQQjRx6BAgBEAU&url=https%3A%2F%2Fwww.treehugger.com%2Fcorporate-responsibility%2Fmolten-salt-as-solar-heat-battery.html&psig=AOvVaw0cf0319AjEfH3MC9N8mGR8&ust=1551609786549745
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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

Project Type Location Power

(MW)

Production

(GWh)

CF

(%)

Nb of

solar panels 

Area

(ha)

Households 

supplied

Capex

(M$)

Start-up

California Valley 

Solar Ranch

PV California 250 675 31 75 000 800 100 000 1 600 2013

Solar Star PV California 580 1685 33 1 720 000 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 +

450

na na 2 000 000 1000 na Phase 1

470

2022

Boulouparis PV + 

Storage

Nouvelle 

Calédonie

11

16

16 17 43 200

58 000

17

35

5 400

21 000

50 2017

Shams CSP Abu Dhabi 110 210 22 258 000 250 30 000 700 2013

Noor Ouarza. 1 CSP + 

Storage

Morocco 160 370 26 500 000 480 na 3 000 2016

Noor Ouarza. 2 CSP + 

Storage

Morocco 200 600 34 na 680 810 2018

Noor Ouarza. 3 CSP +

Storage

Morocco 150 500 38 na 550 na 645 2019

Noor Ouarza. 4 PV Morocco 72 120 19 na 137 na 85 2019

Noor Midelt

Several phases

CSP

PV

Morocco 600

1000

na na na 3 000 1 000 000

people

3700 Phase 1

2022
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Actions developped by Total
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Promoting the use of PV on industrial facilities
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R&D necessary to cut costs
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Awango by Total:

Access to electricity to low-income communities 
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Total access to Energy Solutions

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.

OUR ACHIEVEMENTS Today

OUR GOAL: Solar Lamps - To benefit 25 million people by 2025
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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.



363 TPA Toolbox Energy Book 7 – Renewables 

Sunpower supplier of Solar Impulse
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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.
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Solar economics

3-3
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Illustrative chart -  Vision 2010
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Reminder - Solar Energy – A German vision from 2015

Drastic cost decrease upon time
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Source: Fraunhofer Agora Energiewende 2015 

Solar Energy – A German vision

Drastic cost decrease upon time
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Source: Fraunhofer Agora Energiewende 2015 

Solar Energy – A German vision

Drastic cost decrease upon time
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Source: Fraunhofer Agora Energiewende 2015 

Solar Energy - A German vision - Drastic cost decrease upon time

Ground-mountain PV systems today & in 2050

Southern Germany to southern Spain
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Electricity costs and Feed-in-Tariffs (FIT) in 

Germany – Drastic decrease of the costs

Source: Fraunhofer ISE
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Drastic decrease of Costs for PV – A 2015 vision by Total

Source: Total
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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

Nota: In the following, raw data from IEA, US DOE, UK DBEIS, IRENA, 

Lazard, Fraunhofer ISE, WNA,……

➢ Q : Production of Electricity                  
➢ C : Capital Expenditures                         
➢ O : Operating Expenses                           
➢ F : Fuel Expenses                                       
➢ n : Economic Plant Life
➢ i : Discount Rate

 

➢ Due to discounting, 
decommissioning costs have a 
negligeable effect (included in 
Capex)

➢ For Renewables, Intermittency Costs 
are not included
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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) # 2400 GWp = +27% vs 2024 (CSP: 0,4%)

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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Solar PV Energy Installed Capacity Worldwide

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

Source: REN21 Renewables 2024 – Global Status Report
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Solar PV Capacity Additions – Year 2023

Source: REN21 Renewables 2024 – Global Status Report



380 TPA Toolbox Energy Book 7 – Renewables 

Thermal Solar Power

Source: REN21 -  Renewables 2024 Global Status Report
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Evolution of installed CSP thermal power capacity (GW)

Source: REN21 -  Renewables 2024 Global Status Report
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Evolution of installed Solar Water Heating Collectors 

Capacities

Source: REN21 2024
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Solar PV electricity price vs consumer price

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.



384 TPA Toolbox Energy Book 7 – Renewables 

Solar resource: Germany vs US

Nature is very « unequal » as far as solar
energy is concerned …
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Can Solar PV electricity be for free ?
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Breaking The Rules
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Integration is the Must to optimize the utilisation of Variable 

Renewable Energies 

Trade actiivity

In Europe
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Solar Energy: a bright future ?
(A german view of Solar long trem future)

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.
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Biomass Energy
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Omuta Biomass Power Plant, Japan

supplied with Palm kernel shells
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BOOK 7 - TABLE OF CONTENTS

1. 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

2. Wind Energy

3. Solar Energy

4. Biomass Energy

5. Geothermal Energy

6. Marine Energy
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Biomass is neutral towards the environment

Nota: Wood is an organic material

Chemical formula # C6H9O4
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Wood energy is currently the most significant biomass contributor, esp. 

in developing countries (~900 Mtoe)

… and can bring a lot to local heat and electricity markets

Wood energy: 46% Asia, 30% Africa

Business approach: Northern countries favor wood for materials and paper

fulfilling their energy needs with fossil energy

World wood consumptions (expressed in round wood equivalent)



395 TPA Toolbox Energy Book 7 – Renewables 

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
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Biomass & Energy Pathways

Source: REN21 2014
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But, as biomass is the only renewable source able to produce liquids, 

biofuels are more and more looked after

Rape Seed

Sunflower

Soy,…

Trituration

Extraction

Purification
Vegetable Oil

Esterification

and purification

of VOME

Blending with

Gasoil and

distribution

Sugar cane

Sugar beet

Cereals

Sugars 

Preparation

Fermentation 

and

Purification
Ethanol

Synthesis and

purification 

of ETBE 
Blending with 

gasoline and 

distribution 

Iso butylene

Methanol /

Éthanol

Ethanol/
ETBE

FAME/
 VOME

Ethanol and ETBE (Ethyl Tertio Butyl Ether) for gasoline

Vegetable oils for diesel (VOME: Vegetable Oil Methyl Ester/FAME: 

Fatty Acid Methyl Ester)

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
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Biodiesel
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Biofuels: why so much conflicting noises ?
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Fuel for food … and food for fuel.
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Never forget the energy

and politics « linkages »
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Due to resources limitations or conflicts with food markets, 

2nd and 3rd generation biofuels are needed

Biofuels 1st Generation
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Due to resources limitations or conflicts with food markets, 

2nd and 3rd generation biofuels are needed

Biofuels 2nd Generation
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Due to resources limitations or conflicts with food markets, 

2nd and 3rd generation biofuels are needed

Biofuels 3rd Generation
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Agriculture: main types of Feedstock: 1st Generation 1G

Sugar Beet Palm Sugar Cane Sunflower

Wheat Corn Soja
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Main types of Feedstock: 2nd Generation 2G

Used cooking Oil Animal fat Manure Grape marc

Animal by-product Waste startch slurry Waste/residues from processing 

vegetable oils
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Main types of Feedstock: 2nd Generation 2G

Municipal waste

Agricultural residues

Forest residues Wood processing waste
Waste/residues from processing 

vegetable oils
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Main types of Feedstock: Algae 3rd Generation 3G

◆Advantages

◼ No land use and available marine 

surfaces

◼ High Lipid and Oil content

◆Disadvantages

◼ Not mature yet 

⚫ no scale plant

⚫ Contamination in open system

◼ Energy intensive
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2nd 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 

M€. 

◆Project Liberty: Emmetsburg State of Iowa 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 Iowa (20 M$), USDA (3 M$)
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Biofuels Production Perspectives. A 2006 vision – A Growth well anticipated

Impact of Covid-19 in 2020

Ethanol + Biodiesel:

# 85 billions litres expected in 2010 

vs 100 billions realized

Production 2024: 193 billions litres*

Ethanol    : 121 billions litres

Biodiesel :   72 billions litres

3 main producers:

US, Brazil (Ethanol)

EU (Biodiesel)

Billion  litres

50

100

150

Source: Petroleum Economics Ltd, London 2006

  Data from IFPEN For 2020, REN21 2025 for 2023 *Including HVO

2024
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Biofuels Long Term Perspectives

TotalEnergies Scenario

# 490 billion litres

# 130 billion litres
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Ethanol & Biodiesel Production

(HVO

)

Source: REN21 -  Renewables Global Status Report 2026



415 TPA Toolbox Energy Book 7 – Renewables 

Bioelectricity Capacity by Regions 2014 - 2023

A regular Growth

Source: REN21 -  Renewables 2024 Global Status Report
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Biofuels Long Term Perspectives

Vision IRENA 2020 Scenarios

Source: IRENA 2020
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Sustainable Aviation Fuels (SAF)

Qualification Process 

Source: IHS
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A Zoom on Biofuels Development Scenario in 

the Framework of European Union Targets
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By 2020   - 20% GHG vs 1990

+ 20% by 2020

EFFICIENCY

BIO-FUELS

10 %  2020

binding

E-ELECTRICITY HEATING & COOLING

By 2020   20%  RENEWABLES

(France: 23%) 

NATIONAL TARGETS and ACTION PLANS 

EU: The Key Drivers - 3x20% by 2020
European Council March 2007, integrated in tle law in 2009



420
TPA Toolbox Energy Book 7 – Renewables 

By 2030   - 40% GHG vs 1990

+ 32,5% by 2030

EFFICIENCY

BIO-FUELS E-ELECTRICITY HEATING & COOLING

By 2030   32%  RENEWABLES 

NATIONAL TARGETS and ACTION PLANS 

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%
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New objectives of European Council 2021

-55% GHG Emissions by 2030 vs 1990



422 TPA Toolbox Energy Book 7 – Renewables 

Biogas/Biomethane
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Anaerobic digestion process

Fermentable 

matter

Methanization
Anaerobic fermentation (no 

oxygen, controlled temperature)

Digestate

Biogas

Injection

Biomethane Fuel

Heat

Materials*

(chemistry)

Purification

Valorization

Fertilizer

Electricity

Cogeneration

Livestock effluents 

Crop residues,

Household organic waste

Industrial organic waste (agroindustry, 

paper, chemistry, etc.)

Green waste,

Sewage sludge,

* as a feedstock for plastic chemicals and source for methanol, ammonia, acetic acid formaldehyde, renewable hydrogen

45%
55%

Heating

Electricity (mixing)
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Methanization Unit
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Multiple advantages of methanization

➢ A continuous source of energy

➢ Load factors:

      Solar # 15%     

      Wind # 24 %  

➢ A low-carbon gas

      

➢ Resilience for local territories

➢ Multiple sources of revenues:

❑ Reliable and sustainable waste 

management

❑ Recovery of digestate 

❑ Additional revenues for farmers 

➢ Share of biogas in total gas 

consumption should be about 

10% in 2030

➢ Sustainable source of energy

➢ Constant and reliable cash 

generation

➢ Many actors and stakes
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Methanogenic Potential depending on 

Feedstocks

OILS AND 

FATS

HOUSEHOLD AND 

COLLECTIVE FOOD 

BIOWASTE

SLUDGE
GREAT CULTURE

RESIDUES
(cereals, beets, rape, 

etc.)

ANIMAL RESIDUES 
(manure, 

slaughterhouse)

Hygienisation needed

Methanogenic 

power m3/t RM

PROCESSED 

BIODEGRADABLE 

WASTE

GREENWASTE ENERGETIC CROPS 

(incl. Intermediate 

crops)

INDUSTRIAL 

FOOD WASTE

Available for biogas 

production

Other extinsting uses

Not available for biogas

Existing logistic

Logistic to be organised

Water content has a major 

impact on logistic costs
250 - 780

80-125
45-180

10-70*

35-220*

50 - 150

10-80 65-75 75-85
100

200

300

400

500

600

700

800

22 / 12,5 / 1 – 2 6,5 (cover crops) 2 23 Marginal

140 14 - 40 / 15 40 50 (cover crops) / 14 – 140* Marginal

- 50 à 0 €/t

Logistic 

< 30 km

Logistic 

< 40 km

- 30 €/t

Logistic
/

Logistic 

< 40 km

35 € / t

+ Logistic < 

70 km

10 – 30 €/t

+ Logistic < 

100 - 150 km

40 – 100 €/t

+ Logistic < 

150 – 200 km

800 €/t

Not used 

Potential (TWh/y)

Potential (TWh/y)

Cost (€/tRM)

(logistic =  fixed cost + 

0,5 € / t / km)  

* depending on hypothesis, 5 % to 50 % of great culture residues can be used 

Hygienisation needed
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Total acquires Fonroche Biogaz
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Biomass - Total involment
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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. 
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BioTfuel Project - Total involment

Pilot production of bio-gasoil and bio-kerosene (2nd 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?
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BioTfuel Project - Total involment

Source: Total
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BioTfuel Project – Thermochemical Process
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La Mède – Total’s first bio-refinery

Source: TotalEnergies
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La Mède – 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

 

 
Source: TotalEnergies
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La Mède – Total’s first bio-refinery

Source: TotalEnergies



436 TPA Toolbox Energy Book 7 – Renewables 

Grandpuits – Galaxie/Biojet

FID
7/26/2022

RFSU
11/2025

Status
Execution ongoing 

CO2

France

Grandpuits 
Refinery

Operated

Production of 

Biojet & Biodiesel

CAPEX

376 m€

TTE share
50.1 %

CO2

CO2
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Biomass - Total involment

Biochemical & Phototrophic Pathways

Source: Total
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Biochemical Pathway: getting the energy of sugar
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Amyris at a glance
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Amyris expertise
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From microalgea to Molecules of interest
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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: 2020/2030?
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Geothermal Energy
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Geothermal 

fundamentals
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◆ Geo: earth  and  Therme: heat.

◆ Direct use application: bathing, 

cooking, space, heating, etc.

◆ Indirect use as electricity.

◆ Benefit: clean, renewable and 

environment-friendly sources.
◼ CO2 credit

◆ Early detection of potential 

location 
◼ surface manifestation

⚫ Hot spring/pools/lake, steaming 

ground, geyser, etc. 

◼ associated with presence of volcanic 

activity.

What is Geothermal?
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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
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World classical geothermal
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Geothermal Energy – Main types

Source: Nicolas Nosjean
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Geothermal in total Energy Demand – less than 1%

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Energy Consumption by application & countries

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Electricity Generation by countries – Kenya n°1

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Capacity Factors among the best worldwide

Source: The Future of Geothermal Energy – IEA April 2025

Notes: Capacity factors are five-year national 

averages (2019-2023). Bubble size is proportional to 

country shares in global

installed capacity for each technology. Capacity 

factors describe average output for the year relative 

to maximum rated power capacity.
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Geothermal Energy used for heating & cooling

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Energy LCOE is competitive

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Energy Investments is much more important for 

direct use than for Electricity Generation

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Power Capacity for Electricity Generation is 

planned to increase substantially 

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Energy use for Heating is planned to increase 

substantially 

Source: The Future of Geothermal Energy – IEA April 2025
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Technology

Example of a Closed-Loop Geothermal system

Source: The Future of Geothermal Energy – IEA April 2025
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Market potential for next-generation Geothermal Energy

Questionable?

Source: The Future of Geothermal Energy – IEA April 2025
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Geothermal Technologies

Source: EVOLEN Journées annuelles 2023
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Geothermal Power Plant Technologies

Source: IRENA 2023 – Global Geothermal
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Example: Ground Source Heat Pump
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Growth of installed Geothermal Electricity Capacities

Source: IRENA 2023 – Global Geothermal
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Installed Geothermal Electricity Capacities by Regions

Source: IRENA 2023 Global Geothermal
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Geothermal Electric plant in Japan

Source: IRENA 2023 Global Geothermal
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Top 10 countries for Geothermal Capacity (MW)

Year 2023

Source: REN21 -  Renewables 2024 Global Status Report
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Geothermal Usage & Capacities by types (TJ & MW)

Heating & Cooling

Source: IRENA 2023 Global Geothermal 
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Geothermal Direct Use by Countries (GW) 

Year 2023

Source: REN21 -  Renewables 2024 Global Status Report



471 TPA Toolbox Energy Book 7 – Renewables 

World classical geothermal

Installed Capacities & Resources 2023 (MW)

Installed Capacities

USA

The big 6

Indonesia

Philippines

Turkey

New Zealand

Mexico

2 700

2 400

1 900

1 700

1 000

1 000

10 700

Others
Italy

Kenya

Iceland

Japan

Rest of World

800

1000

800

400

1200

4300

TOTAL Word 14 900

So Called Ressources

Indonesia

Country

USA

China

Philippines

Africa

Latin America

29.000

12.000

6.000

6.000

6.000

3.000

Europe

Russia

New Zealand

2.000

1.500

1.200

65.000

65.000

Realities and dreams …Source: Data from IRENA, ThinkGeoEnergy

REN21 2024 GSR/Rounded figures
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World Outlook – Geothermal Producing Nations vs Resources 

Reminder - Situation Year 2019

Indonesia has 40% earth’s geothermal energy, but only 7% has been tapped.

USA

2,101 MW

Mexico

976 MW

El Salvador

151 MW

Iceland

201 MW

Italy

791 MW

Japan

537 MW

Philippines

1,793 MW

Indonesia

967 MW

New Zealand

351 MW
Costa Rica

163 MW

Top ten geothermal nations (more than 150 MW)

Other geothermal producing nations

USA

2,101 MW

Mexico

976 MW

El Salvador

151 MW

Iceland

201 MW

Italy

791 MW

Japan

537 MW

Philippines

1,793 MW

Indonesia

967 MW

New Zealand

351 MW
Costa Rica

163 MW

Top ten geothermal nations (more than 150 MW)

Other geothermal producing nations

Top ten geothermal nations (more than 150 MW)

Other geothermal producing nations

3,500 MW

29,000 MW

China

Indonesia

2 100 MW

USA

3 700 MW

Mexico

1 000 MW

El Savador 

151 MW

Costa Rica 

163 MW

Japan

600 MW

Philippines

1 900 MW

New Zealand

1000 MW

Iceland

800 MW

Italy

900 MW
6,700 MW

12,000 MW

65 000 MW

6,000 MW

2,400 MW

2,000 MW

1,400 MW

1,200 MW

Russia
RESOURCES

Top 10 geothermal producing nations
Other producing nations

Source: DOE/Think Geoenergy

Turkey

1 500 MW

Kenya

900 MW
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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??

➢ World Geothermal Direct Use Capacity end 2022 = 16 GWth

➢ World Geothermal Direct Use Production = 128 TWh in 2020.

➢ World Geothermal Heat Pumps (GHP) Capacity end 2022 = 118 GWth

➢ World Geothermal Heat Pumps (GHP) Production 2022 = 173 TWh

➢ Production cost # 50 to 150 $/MWh, depending upon the characteristics of the sites…..  

Data from IRENA 2024, EVOLEN 2023, ThinkGeoThermal,

World Geothermal Congress 2023
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What about

Indonesia ?

5-2
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Indonesia: N°1 for Potental Geothermal Resources

N°2 for Geothermal Installed Capacity
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Lahendong
(20 MW)

Darajat

Patuha

Salak
(377 MW)

Darajat
(255 MW)

Patuha

Karaha Bodas

Darajat

Patuha

Salak
(377 MW)

Darajat
(145 MW)

Kamojang
(140 MW)

Dieng
(60 MW)

Patuha

Wayang Windu
(110 MW)

Bedugul

Sibayak
(2 MW)

Sarulla
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Geothermal Regulatory and Legal in Indonesia

Business Structure ▪ IUP (Geothermal Business Permit) issued 

by Min.Regional Government 

▪ IUPTL (Electricity Supply Business Permit) 

by BAPEPTAL or government

▪ Geothermal no longer mining operation

▪ JOC with Pertamina

▪ ESC with PLN

Old Law : 

PD45/91, PD49/91 & PD23/92
New Law: 27/2003 has been replaced 

by 21/2014 & Gov. Regul. n°7 of 2017 

Government Split Non tax levy and general tax law

(not clarified)

34% of net income included 

all tax payment

Management ▪ Under central or regional governmentUnder Pertamina (JOC) and 

PLN (ESC)

Project Execution ▪ Survey and exploration by government

▪ Exploitation by business entity

Integrated from exploration to 

electricity generation

Energy Prices
ID Rupiah. Prices defined in 3 area divisions 

with different benchmark prices.USD
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Geothermal Development Indonesia

1990 - 2021

Source: Energy tracker Asia
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Geothermal Resources Indonesia

Source: Energy tracker Asia
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p.m. Installed Geothermal Plant 2006-2008

Source: MEMR, 2007
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Geothermal in Indonesia – Situation 2017

New projects are under construction

Source: Universitas Sebelas Maret
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Geothermal in Indonesia – Situation 2018

New projects are under construction
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Existing Plants Location Capacity 2017

(MW)

Capacity 2018

(MW)

Gunung Salak West Java 377 377

Wayang Windu West Java 227 227

Darajat West Java 270 270

Kamojang West Java 235 235

Patuha West Java 55 55

Dieng Central Java 60 60

Ulubelu Lampung 165 220

Sibayak North Sumatra 12 12

Lahendong North Sulawesi 120 120

Ulumbu NTT 10 10

Mataloko NTT 3 3

Sarulla North Sumatra 330

Karaha West Java 30

Total # 1500 # 1900

Geothermal in Indonesia – Situation 2018

New projects are under construction
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Schematic Diagram Binary Power Plant

Lahendong
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Marine Energy
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General features

6-1
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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
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Marine Energy projects in Europe (excluding wind offshore) – 

Reminder: Objectives 2020

Source: IFPEN
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Marine Energy projects in Europe – Future deployment locations

Source: Ocean Energy Europe - 2026
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Reminder: Current Marine Energy deployment
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Reminder: Benefits of Marine Energy technologies
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Marine Energy projects perspectives by Ocean Energy Europe

Source: Ocean Energy Europe - 2026
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Marine Energy projects perspectives by Ocean Energy Europe

Source: Ocean Energy Europe - 2026
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UK and Marine Energy

(a key example)

6-2
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Hydrocinetic Energy (or tidal Energy)

(or sea-currents Energy)

◆ Orders of magnitude to 

remember :

◆ Much higher « energy density » 

than Wind : 

◆     in Kw/m²

◼ Wind at 13 m/sec = 1.3 Kw/m²

◼ sea current at 2 m/sec = 4 Kw/m²

◆ Because of retroaction effects, 

pratical limits are :

◼ 6 Mw/Km²  for offshore windmills

◼ 10 Mw/Km² for under water-mills
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UK Tidal Resources

Source: Carbon Trust
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Average Mean Wave Power

Source; Carbon Trust
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EMEC – Trial platform « Waves and swell »

EMEC: European Marine Energy Center
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EMEC – Trial Platform « sea currents »
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ADDITIONNAL INFORMATION : 

TESTS SITES
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Worldwide tests sites
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EMEC (European Marine Energy Center) Scotland
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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

• Substation and grid connection 
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Atlantic Marine Energy Test Site (AMETS) - Ireland

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

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



506 TPA Toolbox Energy Book 7 – Renewables 

FORCE (Funding Ocean Resources Center Energy) - Canada

• About 160 billion tonnes of water flows 

through the Bay of Fundy at each tide.

• About 4 billion tonnes of that water passes 

through the Minas Passage.

• Creating the highest tides in the world with 

a speed of 18 km/h, rising up to 16 m.
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WETS (US Navy Wave Energy Test Site) - USA
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Tidal Energy
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Areas with high potential Tidal Ressources



511 TPA Toolbox Energy Book 7 – Renewables 

Areas with high potential Tidal Ressources

Source: Ocean Energy Europe - 2026
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Tidal stream in Europe:  Number of Turbines & Installed Capacities

Source: Ocean Energy Europe
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Tidal resources in Europe: UK & France

Source: Ocean Energy Europe - 2026
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Tidal stream deployments in Europe in 2024 

Source: Ocean Energy Europe
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Tidal barrages principles
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Rance Tidal Power Station 240 MW (1967) - France
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Rance Tidal Power Station 240 MW (1967) - France
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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 
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Sihwa Lake Tidal 254 MW project (2012) – South Korea
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Several Tidal Lagoon Projects in UK

Wales project : Swansea – Tidal Lagoon Power

• 320 MW

• Length = 9,5 km

• Artificial lagoon area : 11,5 km2

• Delta tidal = 4,1m – 8,5m

• CO2 saving = 236,000 tons/year

• Green light? Operational start-up?

• Many debates on this project……
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Proposed Tidal Lagoon 320 MW project Swansea Bay - Wales
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Hydroquest 1MW project at Brehat test site - France

Tests

Length : 25 m

Height : 11 m

Weight : 400 tons

Power : 1 MW

2017-2019
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ANDRIZ HYDRO Hammerfest Tidal Stream - Norway

Prototype Technology developed by ABB, 

Rolls-Royce, Equinor in 2003

◆ Pilot  300 kW 200tons

◆ Site : Kvalsund in WD=50m

◆ 2010 : technology purchased by Andriz

◆ Retrieved in 2012

HS1000 turbine technology installed at the EMEC 

(European Marine Energy Center) in 2011. Andriz 

Hydro Hammerfest has developed a 1,5 MW MK1 

turbine. 3 of which have been installed as part of 

the Meygen project in the Pentland Firth.
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Atlantis Meygen 12 MW project - Scotland
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Orbital Marine Power – Orkney Islands 

◆ 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 : O2

TotalEnergies Partner 
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Orbital Marine Power – Orkney Islands: Tidal Hydrokinetic Turbines 

Source: Orbital Marine Power
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Orbital Marine Power – Orkney Islands: Tidal Hydrokinetic Turbines 

Source: Ocean Energy Europe - 2026
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Orbital Marine Power : O2 protype

Ongoing Tests 

O2

Power 2MW 

600 tons 
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Orbital Marine Power : O2 under test in Orkney Island
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Tidal Energy: various technologies

Source: Ocean Energy Europe - 2026
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Wave Energy

6-4



532 TPA Toolbox Energy Book 7 – Renewables 

Wave Energy potential

Source: Ocean Energy Europe - 2026
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Energy potential form in (kW/m)

◆ 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
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Energy potential form in (kW/m)
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European Wave / Swell Energy potential (kW/m)

These energy 

figures are 

estimated at a 

sufficient distance of 

shore, around the 

20 meter depth line
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Wave Energy in Europe:  Number of Converters & Installed Capacities

Source: Ocean Energy Europe
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Wave Energy deployments in 2024

Source: Ocean Energy Europe



538 TPA Toolbox Energy Book 7 – Renewables 

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 . 
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Characteristics:

Weight : 70 tonnes

Water depth > 40 m

Power : 300 kW

Capacity factor : 40-60%

Current project in 

Portugal 

9 meters

19 meters

CorPower Ocean  Wave Energy converter  



540 TPA Toolbox Energy Book 7 – Renewables 

The future ? (CorPower Ocean)
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Other examples of Wave-Swell systems



542 TPA Toolbox Energy Book 7 – Renewables 

Different types of Wave Energy Converter (WEC)
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WEC (Wave Energy Converters) : the main solutions

1) Attenuator 2) Absorber
3) Hydraulic 

Flapping 4) Oscillating water column
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WEC 1 : Attenuator

1) Attenuator
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WEC 2 : Absorber

2) Absorber

Electricity is 

generated offshore 

and export to shore 

by electric cables

Swedish Seabased 1,05MW Sotenas project
(in operations since 2015)
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WEC 3 : Hydraulic flapping

3) Hydraulic Flapping
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WEC 4 : Oscillating water column

4) Oscillating water column

500 kW Limpet OWC plant (UK)

World’s first wave power station

Hebridean island of Islay Scotland 11/2000

300 kW Mutriku OWC Plant (Spain)

World’s first multi turbine wave energy

16 x 18,5kW each 07/2011
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The company Pelamis Wave Power (Scotland) 

ceased to exist in 2014
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The Pelamis System
Pelamis Wave System (ex Ocean Power Delivery Ltd)

Company

Ocean Power Delivery  

Ltd

(Norsk Hydro Ventures 

is one shareholder)

Location EMEC Orkney

System type
Wave activated bodies

Offshore

Water Depth 50-60 m

Unit Size

130 m long

3.5 m de diameter

700 T  (400 T ballast)

Power
750 kW/unit

30 MW/km2

Capacity rating
Offshore windmills

ISO

Source: Pelamis Wave Power
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Pelamis Internals

Source: Pelamis Wave Power
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E-ON’s Pelamis P2 at EMEC – April 2012
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Current Forces Energy
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Various concept using current forces
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How an Hydrolienne works



555 TPA Toolbox Energy Book 7 – Renewables 

France potential
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Cotentin / Finistère:

Time phasing in the France / UK channel

Highly complex modelling for future design of sea current underwater mills



557 TPA Toolbox Energy Book 7 – Renewables 

Chaussée et Raz de Sein :

Total

Fromveur (Ouessant) :

Raz Blanchard :

Speed

Speed

speed

An example: the three largest potential sites in France for Sea 

Currents Power

1000 MW

6000 MW

2000 MW

3000 MW

Maximum current speeds in average water regime
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Akuo/Sabella : PHARES Project in Ouessant

Tests 

2015-2019

Sabella D10 - 1000

Power 1MW 

400 tons

Fromveur-Ouessant 

WD=55m
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New Innovation - New concepts

Dragon 12 by Minesto (Swedish company)  
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The Dragon 12 concept – Developed by Minesto (Sweden)

Source: Minesto 2025
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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.

The Dragon 12 concept – Developed by Minesto (Sweden)

Source: JEC Group – Minesto 2025
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The Dragon 12 concept – Developed by Minesto

Source: JEC Group – Minesto 2025
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The Dragon 12 concept – Developed by Minesto

Source: JEC Group – Minesto 2025 – Offshore Energy
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The Dragon 12 concept – Developed by Minesto

Source: Ocean News and Technology – Ocean Energy Europe

Minesto
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Ocean Thermal Energy Conversion 

(OTEC)  
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Ocean Thermal Energy Conversion (OTEC)
Energie hydrothermique des mers (ETM)

Ocean Thermal Energy is produced  by using the ocean thermal gradient between 

cooler deep and warmer shallow or surface seawaters.



567 TPA Toolbox Energy Book 7 – Renewables 

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.



568 TPA Toolbox Energy Book 7 – Renewables 

OTEC closed cycle 
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The concept
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Where OTEC could work
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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 = circa 1 000 m 

• Delta Temperature = 20°C

• Availability 24H/24H 365 days/year

• 100 KW for 120 homes
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Sea Water Air Conditionning (SWAC)  
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Sea Water Air Conditionning (SWAC)

Concept of the method

Société NALDEO
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Sea Water Air Conditionning (SWAC)

« Le SWAC permet, à très faible consommation 
énergétique, de mettre en contact thermique l’eau de mer 
froide et l’eau douce du réseau de climatisation, au travers 
d’un millefeuille de plaques en titane. Ce système 
d’échanges ne nécessite pas de mélange des eaux : l’eau 
de mer, après avoir transmis ses frigories [unité de mesure 
de la quantité de froid], est rejetée dans l’océan sans avoir 
été altérée. »
David Wary, ingénieur de la société  Airaro, Polynésie 
française.  « le Monde » 7 novembre 2021 
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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 m3 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

Rencontre des célibataires dans la région de 
Papeete !

Metaverse : 3 actions qui pourraient exploser en 
2022

Voyez à des kilomètres grâce à ce télescope pour 
téléphone !

Incroyable : une jeune marque suisse casse les 
codes de l'horlogerie traditionnelle

3 actions à acheter maintenant

http://k.ilius.net/?mtcmk=917931&fsid=070&utm_source=Outbrain&utm_medium=Display&utm_campaign=000ae28d9259928e67701d95e25349f867&utm_term=$section_name$&utm_content=$publisher_name$&obOrigUrl=true
https://solution.argo-editions.com/3-actions-pour-investir-dans-le-metaverse-argo-editions/?sourceCode=ARO224150006&utm_source=outbrain&utm_medium=native-ads&utm_campaign=ARO224150006&utm_content=$section_name$&utm_term=Metaverse+%3A+3+actions+qui+pourraient+exploser+en+2022&obOrigUrl=true
http://auxmu.com/tk/v.php?aux_campaign_id=3455&s_nm=$section_name$&s_id=$section_id$&cid=0047ff17e76d91645d40e61c51301e97f9&ad_id=00146d677c552cb94dd69eafad422efde7&obOrigUrl=true
https://code41watches.com/fr/code41-the-watchmaker-breaking-all-of-the-records/?utm_term=ad14&utm_campaign=outbrain&utm_source=fr_dom_dtp_broad_record_native_outbrain_2021_12&utm_medium=5374&utm_content=$section_id$_$section_name$&obOrigUrl=true
https://solutions.investisseur-tech.com/3-actions-tech-crise-lit-2/?sourceCode=LIS95510114&sourceCode=LIS95510114&utm_source=outbrain&utm_medium=native-ads&utm_campaign=LIS95510114&utm_content=$section_name$&utm_term=3+actions+%C3%A0+acheter+maintenant&obOrigUrl=true
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Le SWAC du Centre hospitalier 

de Polynésie française 

Le réseau de climatisation du centre hospitalier de la Polynésie française 

situé à Pirae, au nord de Tahiti a été terminé fin 2021 C’est désormais une 

énergie renouvelable qui refroidira l’hôpital.

Les pompes du SWAC puiseront un million de litres à l’heure d’eau à 5°C, à 

plus de 900 mètres de profondeur dans l’océan Pacifique. L’hôpital n’utilisera 

plus d’électricité pour produire du froid (économie de 9 millions de Kwh) en 

reliant son système de climatisation à 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

Rencontre des célibataires dans la région de 
Papeete !

Metaverse : 3 actions qui pourraient exploser en 
2022

Voyez à des kilomètres grâce à ce télescope pour 
téléphone !

Incroyable : une jeune marque suisse casse les 
codes de l'horlogerie traditionnelle

3 actions à acheter maintenant

http://k.ilius.net/?mtcmk=917931&fsid=070&utm_source=Outbrain&utm_medium=Display&utm_campaign=000ae28d9259928e67701d95e25349f867&utm_term=$section_name$&utm_content=$publisher_name$&obOrigUrl=true
https://solution.argo-editions.com/3-actions-pour-investir-dans-le-metaverse-argo-editions/?sourceCode=ARO224150006&utm_source=outbrain&utm_medium=native-ads&utm_campaign=ARO224150006&utm_content=$section_name$&utm_term=Metaverse+%3A+3+actions+qui+pourraient+exploser+en+2022&obOrigUrl=true
http://auxmu.com/tk/v.php?aux_campaign_id=3455&s_nm=$section_name$&s_id=$section_id$&cid=0047ff17e76d91645d40e61c51301e97f9&ad_id=00146d677c552cb94dd69eafad422efde7&obOrigUrl=true
https://code41watches.com/fr/code41-the-watchmaker-breaking-all-of-the-records/?utm_term=ad14&utm_campaign=outbrain&utm_source=fr_dom_dtp_broad_record_native_outbrain_2021_12&utm_medium=5374&utm_content=$section_id$_$section_name$&obOrigUrl=true
https://solutions.investisseur-tech.com/3-actions-tech-crise-lit-2/?sourceCode=LIS95510114&sourceCode=LIS95510114&utm_source=outbrain&utm_medium=native-ads&utm_campaign=LIS95510114&utm_content=$section_name$&utm_term=3+actions+%C3%A0+acheter+maintenant&obOrigUrl=true
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1st SWAC : Intercontinental Hotel in Bora-Bora
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2nd SWAC : Tetiaroa Hotel Moskito Island

Water depth = 960 m

Pipe length = 2 km

Pipe HDPE dia = 120 mm
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3rd SWAC: CHFP 

(Centre Hospitalier de Polynésie Française à Taaone)

Water depth = 900 m

Pipe length = 3,8 km

Pipe HDPE dia = 4’’
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Osmotic Power  
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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.

Isotonic

solution 

Hypertonic/hypotonic

solutions 

SUGAR 

Semi-permeable membrane
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ELECTRIC POWER GENERATION  BY OSMOSIS 

The generation of “osmotic 

power” uses the osmotic 

pressure difference between 

fresh river water (hypotonic) and 

salted sea water (hypertonic)
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Prototypes in Netherlands, Norway, France 

Joint development of Redstack, FujiFilm and institute Wetsus

Afsluitdijk dam- Netherlands .
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Osmotic station
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Osmotic station
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Osmotic station
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Osmotic station
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Osmotic station
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Osmotic station
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Osmosis electricity production outlook 

What about environment ?

Each species of aquatic plant and animal is adapted to survive in 

either marine, brackish, or freshwater environments.

The pilot plant on the Afsluitdijk produces  50 kWh of blue-energy ,

using fresh IJsselmeer 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 CO2 emissions but necessary attention to sea life: 
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Costs, LCOE  
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Cost range of Marine Energy (Tentative)

Source; Carbon Trust
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UK tidal stream sites 

Uncertainties on costs

Source; Carbon Trust
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LCOE Estimates for Tidal Stream Energy in UK & France

Source; Tiger – European Commission October 2022
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LCOE Estimates for Marine Technologies - Uncertainties on costs

Source; Trinomics – European Commission 

Study on Energy Costs LCOE July 2020
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DISCLAIMER
TotalEnergies Professeurs Associés (TPA) and/or any of its Professors, 
accept no liability whatsoever for the content of this 
course/presentation, or for the consequences of any actions taken on 
the basis of the information provided under such course/presentation. 
This course/presentation is for information only and is not intended to 
create a contractual relationship between Professor and user .
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