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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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Natural Gas
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Some conversion factors for the Gas Industry

• 1 cubic feet = 0,02832 m3

• 1 Btu = 1 055 J

• 1m3 # 38 000 Btu

• 1m3 # 6,3 boe

• 1 boe # 6 Mbtu

• 1t LNG # 1 300 m3 Natural Gas

• 1m3 LNG # 600 m3 Natural Gas

• 1 000 m3 Natural Gas # 0,86 toe

• 1 000 m3 Methane = 0,71 t Methane



10 TPA Toolbox Energy Book 5 - Gas

30%

23%

27%

5%
2%

9%
1%4%

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

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

RENEWABLES
MODERN BIOENERGY

HYDRO

NUCLEAR

COAL

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

HEAT 

ELECTRICITY

COAL

GAS

OIL

BUILDINGS

TRANSPORT

Nota: Sums might not be equal to 100% due to rounding

           OTHER relates to agricultural sector & other non-energy use

BIOMASS

INDUSTRY

OTHER

Source: Data from IEA WEO 2025

RENEWABLES
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38%

28%
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Oil chain vs Gas chain

◆ Short and loose chain

◆ Interruptions easy to 

compensate

◆ Built-in market mechanisms 

because oil is easily tradable

◆ Long and firm chain

◆ Physically fixed links from 

wellhead to burner tip

◆ Interruption: no gas downstream 

/ no money upstream

◆ Higher investment in the chain

◆ Few buil-in market mechanisms, 

but fixed capacities

Oil Chain Gas Chain

The marketing process of natural gas

is then fundamentally different from that of oil
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Basic issues in the Gas business

◆ Natural gas transportation is characterized by very large economies of scale.

◆ Share of transportation/distribution costs in overall natural gas supply costs is large.

◆ Storage costs of natural gas are high and economic only for very large volumes.

◆ There are environmental and efficiency advantages for natural gas, but this energy source can 

always be substituted by other fuels.

◆ Apart from some liberalized mature gas areas, the gas chain characteristics call for a stable access 

to gas supplies and a secured market valorization.

◆ Natural Gas Trade relies in particular on Long-Term Contracts. Spot markets also exist and take 

more and more importance (Henry Hub, NBP, TTF…. )

◆ As from 20 years ago, the activity of Shale Gas production (US) has had an important effect on the 

international gas market. 

◆ Price is only one of the commercial conditions which ensure the long-term balance between the 

interests of the partners in the commercial agreements.

◆ In term of CO2 emissions, Natural Gas is emitting twice less emissions than coal par delivered 

energy for electricity generation.

◆ In the framework of the Energy Transition program and the combat against Climate Change, Natural 

Gas is a good candidate to replace Coal which emits twice more CO2 per produced kWhe.

Nota: NBP : National Balancing Point

           TTF : Transfer Title Facility
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Main Gas advantages
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Share of Natural Gas in Energy related Air Pollutants and CO2
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Life Cycle GHG Emissions, g CO2eq per kWhe 
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Thanks to Natural Gas, Improvement of Air Quality – An illustration
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Natural Gas chain
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La chaîne gazière
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With this world market structure,

Gas is in Competition with Regional Energy References.

No Mutual Price Adjustment and thus No International Gas Price Marker

WESTERN EUROPE

EUROPE

JAPAN / SOUTH KOREA

EAST ASIA

Regional Natural Gas markets

◆ Natural Gas is condemned to rigid, expensive infrastructures, which limit trade 

over very long distances. Cost of transport 10 times more expensive than oil

◆ No world Gas market but various national and regional gas markets

◆ Three Main Regional Gas Markets with marginal links

◆ Spot prices trading business is becoming more and more important 

NORTH AMERICA

UNITED STATES

Norway

Russia (subject to 

sanctions) 

Algeria/Qatar/USA

Indonesia/Malaysia

Australia

Middle EastCanada

Impact of Shale Gas

US: Now Gas exporter
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Resources, reserves

2
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Some definitions

 Categories of petroleum Reserves and Resources (SPE)

Source: SPE 2011
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Evaluation of Reserves and Resources may 
vary according to various sources
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BP has terminated their publication of BP Statistical Review of World Energy in 

2023. 

The publication has been handed over to Energy Institute (Aberdeen University 

membership) 

In this publication, the evolution of World Hydrocarbons – Oil & Gas reserves is 

no longer published. 

The last figures are those at 31/12/2020 

Nota concerning BP publication
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Reminder - World Oil & Gas Resources at 01/01/2019

CBM: 

Coal Bed Methane

RLI: Reserves Life Index = 

R/P ratio

Reserves/Resources Life

RLI based on 2018 current production: 34 Gb Liquids and 23 Gboe Gas

Source: Total October 2019

Hydrates

Already produced

Liquids 
(w/o oil shales)

~2 900 Gb

Gas 
( w/o hydrates)

~3 200 Gboe

90

60

40

years

Oil 
shales

Extra
heavy oil

Tight/
shale oil*

Unconventional 

resources

Yet To Find

Recovery increase

Well defined conventional 

resources

CBM

Tight/
shale gas

140

90

60
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World Oil & Gas Resources at 01/01/2023 by TTE – Different classification

Source: TotalEnergies E&P Data Book 2023
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R/P (« Proved Reserves ») Ratios
(BP Proved Reserves (1P) more in line with 2P)

Source: BP Statistical Review 2021

*R/P varies vs sources

Gas R/P World # 50/70 years*
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Conventional and Unconventional Gas Resources

End 2024 (T.m3)

Source: IEA WEO 2025
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IEA WEO 2025:

Remaining Recoverable Resources end 2023:

Conventional           :  413 T.m3 # 14 600 Tcf

Tight Gas                                 :     80 T.m3

Shale Gas                                :   250 T.m3

CBM                                         :     49 T.m3 

Unconventional       :  379 T.m3 # 13 400 Tcf

Total                          # 792 T.m3 # 28 000 Tcf

Conventional and Unconventional Gas Resources

End 2024 (T.m3)
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World Gas Discoveries and Production 
Perspectives 

Source: Jean Laherrère April 2024
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World Gas Discoveries and Production 
Perspectives 

Source: Jean Laherrère December 2023
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Proved Reserves (1P) and 2P Reserves

Source: Jean Laherrère December 2023
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R/P Ratio: Proved Reserves and 2P Reserves



36 TPA Toolbox Energy Book 5 - Gas

World Fossil Fuels & Gas Production (Mt) 

Source: ASPO Jean Laherrère - March 2026
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World Gas Production & Forecasts 

Source: Jean Laherrère April 2024
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World Gas Production & Forecasts 

Source: Jean Laherrère December 2023
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World Conventional Gas Production – HL & Annual Production & Forecasts 

Source: ASPO Jean Laherrère - March 2026

HL: Hubert Linearization
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World Shale Gas Production – HL & Annual Production & Forecasts 

Source: ASPO Jean Laherrère - March 2026

HL: Hubert Linearization
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World Proven Gas Reserves – Regional shares
Evolution 2020/2010/2000 

Proven Gas Reserves at end 2020 # 188 T.m3 # 6 600 Tcf 

Source: Data from BP Statistical Review 2022 

# 60% of Proven Reserves in 
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At end 2010: 

# 180 Trillion m3

At end 2020:

# 188 Trillion m3

Source: Data from BP Statistical Review 2022

World Gas Proven Reserves 2010 - 2020

19%

18%

14%8%

5%

4%

3%

3%

3%

2%

21%

Russia Iran Qatar Turkmenistan

US Saudi Arabia Venezuela UAE

Nigeria Algeria Rest of World

20%

17%

13%7%

7%

4%

3%

3%

3%

3%

19%

Russia Iran Qatar Turkmenistan

US China Venezuela Saudi Arabia
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History of World Gas Proven Reserves
 1980 - 2020

Source: Data from BP Statistical Review 2022 
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Africa – 10 top countries for Gas Proven Reserves 

(T.m3)
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Conventional and Unconventional 
Gaseous Hydrocarbons

(See also Book 6)

3
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Conventional & Unconventional Hydrocarbons
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Conventional & Unconventional Gas
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Conventional & Unconventional Gas
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Hydraulic Fracturing
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Unconventional Gas: Coalbed Methane
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Production, consumption: past and 
present

4
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Gas Production: from Gross to Net

◆ Gross (ex-well) Production is usually not provided by statistics

◆ Associated Gas = about 20% of Gas Production ( # 810 Bcm)

◆ Net (Marketed) Production = Gross Production minus

◆ Reinjected gas = 9% (mostly US & Algeria)

◆ Gas flaring & venting = 3% (mostly Russia, Iran, Irak)

◆ Shrinkage, fuel gas, and other losses = 7%

=> Net Gas Production = 81% of Gross  Gas Production

Source: Cedigaz  & BP stats 
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Gas Flaring – Total World: 167 G.m3 in 2025, + 16% vs 2012
Russia n°1, Iran n°2  

Source: Global Gas Flaring Tracker Report July 2026

Global Flaring and Methane Reductions Partnership & World Bank 
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Gas Flaring – Total World: 167 G.m3 in 2025, + 16% vs 2012
Russia n°1, Iran n°2  

Source: Global Gas Flaring Tracker Report July 2026

Global Flaring and Methane Reductions Partnership & World Bank 
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Source: Data from EI Stat. Review  2026

Excludes gas flared and recycled

2015

# 3 510 G.m3
N°1 US, N°2 Russia

2025

# 4 200 G.m3
N°1 US, N°2 Russia 

World Gas Production 2015 - 2025 

Note: Differences between consumption and production are due to stocks 

at storage facilities and liquefaction plants. Rounded figures
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Africa – 10 top Gas Producers 2025 
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World Gas Consumption 2015 - 2025

Source: Data from EI Stat. Review  2026

2015

# 3 470 G.m3
N°1 US, N°2 Russia

2025

# 4 190 G.m3
N°1 US, N°2 Russia

Note: Differences between consumption and production are due to stocks at 

storage facilities and liquefaction plants. Rounded figures
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Main Gas Producing and Consuming Countries
Year 2025

(G.m3) (G.m3)

Total World # 4 200 G.m3

Production
N°1 USA, N°2 Russia

Consumption
N°1 USA, N°2 Russia

Total World # 4 190 G.m3

Source: Data from EI Stat. Review 2026

Rounded figures

Note: Differences between consumption and production are due to stocks at 

storage facilities and liquefaction plants. Rounded figures
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Global Gas Demand map by Regions -  2019-2025 by IGU 2025

Source: International Gas Union (IGU) Global Gas Report 2025

/Rystad Energy – September 2025
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Global Gas Demand by Regions and Sectors 2020-2025 by IGU 2025

Source: International Gas Union (IGU) Global Gas Report 2025

/Rystad Energy – September 2025



67 TPA Toolbox Energy Book 5 - Gas
Source: International Gas Union (IGU) Global Gas Report 2025/

Rystad Energy – September 2025

Regional Gas Demand by Sectors by IGU 2025
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Source: International Gas Union (IGU) Global Gas Report 2025/

Rystad Energy – September 2025

Gas Demand, Production, Exports & Imports by Regions by IGU 2025
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Global Natural Gas Market 2025 vs 2024

Source: International Gas Union (IGU) Global Gas Report 2025/Rystad Energy

September 2025
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More than 70% of Gas is used in the country where it is produced…
Since 2022 (Russian attack against Ukraine), contribution of pipeline trade has decreased

World Gas Consumption in 2025 # 4 190 G.m3

2025 Gross International Gas trade is around # 1 150 G.m3 

of which # 580 G.m3 of LNG (50,4%) & # 570 G.m3 by pipe (49,6%) 

Pipeline trade:13%

Indigenous production: 

73%

LNG trade: 14% 

Note: Pipeline intra-region trade is excluded

LNG includes re-exports
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Natural Gas Trade by Energy Institute (EI)
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Gas – Production & Consumption by Energy Institute 2025

Source: EI Statistical Review 2026
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Gas – Major Trade Movements 2025 - LNG

Source: EI Statistical Review 2026
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Major LNG Trade - 2025

Source: EI Stat. Review of World Energy 2026
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Gas – Major Trade Movements 2025 - Pipeline

Source: EI Stat. Review of World Energy 2026



76 TPA Toolbox Energy Book 5 - Gas

Major Pipe Gas Trade - 2025

Source: EI Stat. Review of World Energy 2026
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Gas Trade & Flows has been dramatically upset as from 2022 
due to the Russia – Ukraine war and its market and economic 

consequences, in particular in Europe

See Book 2 – Energy, Chapter 20
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Production, consumption: perspectives

5
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Gas – Perspectives by TotalEnergies
See Book 2 -  Energy
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Gas Production perspectives 2010 - 2030

Source: TotalEnergies E&P Data Book 2023
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Gas – Perspectives by BP
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Natural Gas Demand Evolution
A vision by BP 2025

Source: BP Energy Outlook 2025
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LNG Demand Evolution
A vision by BP 2025

Source: BP Energy Outlook 2025
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LNG Demand Evolution
A vision by BP 2025

Source: BP Energy Outlook 2025
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Gas – Perspectives by IEA
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Global Gas Production and Demand 
Perspectives

In 2050: 4 400 G.m3 in STEPS Scenario  
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World Natural Gas Demand by IEA 2025 STEPS

Source: IEA WEO 2025
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World Natural Gas Production by Countries -  IEA 2025 STEPS

Source: IEA WEO 2025
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LNG Export Capacities -  IEA 2025 Scenarios

Source: IEA WEO 2025
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Natural Gas Production -  IEA 2025 Scenarios (G.m3)

Source: IEA WEO 2025
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Natural Gas Demand -  IEA 2025 Scenarios (G.m3)

Source: IEA WEO 2025
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Gas – Perspectives by OPEC
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Natural Gas Demand by Regions by OPEC 2026

Source: OPEC WOO 2026
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Natural Gas Demand by Regions by OPEC 2026

Source: OPEC WOO 2026
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Gas – Perspectives by IGU
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Global Natural Gas Demand/Supply Scenarios by IGU 2025

Source: International Gas Union (IGU) Global Gas Report 2024

/Rystad Energy

Notes:

1) This analysis considers two trendlines based on 
historical growth rates: the 2022-2025F trendline and 
the 2015-2025F
trendline. Each trendline uses a consistent annual 
growth rate towards 2030, which is calculated as the 
average of the
annual growth rates of the historical years 
considered, respectively 1.4% and 1.8%.

2) The 2015-2025F trendline excludes Covid-19 
impacted years 2020 and 2021 from the average 
growth rate calculation to adjust for the unusually 
low and high growth rates observed in the respective 
years.

a) ‘Abandoned’ denotes all abandoned fields which 
have stopped producing or where production was 

suspended by owners. 
b) ‘Producing’ includes all the assets thatare

currently producing. Also, refinery gains are 
included. 

c) ‘Under development’ denotes assets for which 
development has been approved by companies & 
government, but production has not yet started. 

d) ‘Discovery’ includes assets where discoveries have 
been made but are not yet in a phase of further 
development (appraisal, field evaluation)
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A zoom on Liquefied Natural Gas (LNG)

6
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LNG Business
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LNG Properties: Boiling Temperature



102 TPA Toolbox Energy Book 5 - Gas

Along the LNG Value Chain

Liquefaction Shipping Regasification Trading & Marketing

Once the gas has 

been liquefied,

it is stored at 

atmospheric pressure 

before loading

The gas is 

transported by LNG 

carriers that can be 

compared to “floating 

thermos flasks” able 

to keep the LNG cool 

for the long journey 

ahead
In terminals, close to 

areas of 

consumption, the 

liquid is allowed to 

return to a 

temperature over 0°C, 

and becomes a gas 

once more

The liberalization of 

gas markets over the 

last 15 years has 

brought greater 

flexibility to 

contractual relations

The liquid form of the 

gas is obtained after 

cooling to about         

-160°C

Source: TotalEnergies
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LNG: Advantages and Challenges 

Reserves located far away from the main 

consumption areas are now being 

developed  and produced

An alternative to the costly development 

of pipelines

Gas can be transported over long 

distances at a reasonable cost

Greater flexibility owing to the possibility 

of redirecting cargo in transit

A market that was originally region-

focused is now open globally

Good returns with long plateau projects

Lengthy studies: currently, it takes at 

least ten years from the point when 

studies begin to delivery of the first cargo 

of LNG

Know-how: many interdependent, 

complementary skills are required to 

manage all the risks associated with 

projects of this size

More and more deals are “hub indexed”, 

which shows the dynamism of the 

market

ADVANTAGES CHALLENGES

Source: TotalEnergies
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LNG Trade – History & Current Situation 

Source: IGU - World LNG Report July 2026
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Reminder:History of evolution of Natural Gas international trade
1960 - 2006
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Reminder - LNG Trade Volumes 1990 - 2018

Source: International Gas Union (IGU) 2019
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Global LNG Trade 2025

Source: IGU - World LNG Report July 2026

Nota: 1t LNG # 1,3 G.m3 
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LNG Trade between Regions – 2025 (437 Mt) vs 2024 (411 Mt)

Source: IGU - World LNG Report July 2026
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LNG Trade between Regions 2025 - 437 Mt

Source: IGU - World LNG Report July 2026
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LNG Exports



111 TPA Toolbox Energy Book 5 - Gas

Reminder: LNG Exports and Market Share by Countries
Evolution 1990 - 2018

Source: International Gas Union (IGU) 2019
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LNG Exports and Market Share by Countries
Year 2025 = 437 Mt (+ 6,3% vs 2024) - US n°1

Source: IGU - World LNG Report July 2026
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Incremental LNG Exports by Countries 2025 vs 2024 (Mt)

Source: IGU - World LNG Report July 2026
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LNG Imports
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LNG Imports and Market Share by Countries
Year 2025 = 437 Mt – China n°1

Source: IGU - World LNG Report July 2026
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Incremental LNG Imports by Countries 2025 vs 2024 (Mt)

Source: IGU - World LNG Report July 2026



117 TPA Toolbox Energy Book 5 - Gas

http://t2.gstatic.com/images?q=tbn:ANd9GcQFju2IxteU8Hna7UgaswnNpS6W5z6bpmpn8-oGIGRBDU4-dbKAUDaWcg

LNG BUSINESS: MORE AND MORE PLAYERS & ACTIVITY

US
(110,7 Mt)

Qatar    
(81,5 Mt) Australia

(80,3 Mt)

http://t2.gstatic.com/images?q=tbn:ANd9GcQFju2IxteU8Hna7UgaswnNpS6W5z6bpmpn8-oGIGRBDU4-dbKAUDaWcgChina       
(69,8,6 Mt)Japan

(67,4 Mt)

2005: 143 Mt

13 exporters

15 importers

59 flows

2025: 437 Mt

24 exporters

50 importers

6870 voyages

South Korea    
(48,7 Mt)

Data from IGU 2026

➢ In 2019, US replaced 

Malaysia as n°3 LNG 

exporter

➢ In 2020, Australia 

replaced Qatar as n°1 

LNG exporter

➢ In 2021, US increased 

by 52% their exports

➢ In 2021, China 

replaced Japan as n°1 

LNG importer

➢ In 2022, US replaced 

Qatar as n°2 LNG 

exporter

➢ In 2022, Japan 

replaced China as n°1 

LNG importer

➢ In 2022, France 

became the 4th LNG 

importer

➢ In 2023, US replaced 

Australia as n°1 LNG 

exporter

➢ In 2023, China 

replaced Japan as n°1 

LNG importer. France 

n°5 LNG importer

http://www.google.fr/imgres?imgurl=http://www.ipadd.fr/wp-content/uploads/2010/12/podium.png&imgrefurl=http://www.ipadd.fr/category/ipadd-fr-le-site/&usg=__2UJglrnNK6wUFOrvT_rcHVWY5rU=&h=320&w=388&sz=49&hl=fr&start=74&zoom=1&um=1&itbs=1&tbnid=AWdy7XiHwBXKGM:&tbnh=101&tbnw=123&prev=/search?q=DESSIN+podium&start=72&um=1&hl=fr&sa=N&biw=1345&bih=599&ndsp=18&tbm=isch&ei=vMTjTbriEdSo8AOfq8jfBg
http://www.google.fr/imgres?imgurl=http://www.ipadd.fr/wp-content/uploads/2010/12/podium.png&imgrefurl=http://www.ipadd.fr/category/ipadd-fr-le-site/&usg=__2UJglrnNK6wUFOrvT_rcHVWY5rU=&h=320&w=388&sz=49&hl=fr&start=74&zoom=1&um=1&itbs=1&tbnid=AWdy7XiHwBXKGM:&tbnh=101&tbnw=123&prev=/search?q=DESSIN+podium&start=72&um=1&hl=fr&sa=N&biw=1345&bih=599&ndsp=18&tbm=isch&ei=vMTjTbriEdSo8AOfq8jfBg
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LNG Business – TotalEnergies position & strategy
See Book 2 – Chapter 7



119 TPA Toolbox Energy Book 5 - Gas

Reminder: Robust LNG fundamentals – TotalEnergies vision 2015

◆ Demand to double by 2030

most of new supply not yet sanctioned

◆ New projects require adequate LNG 

prices

◼ New LNG countries

◼ US export economics

◆ Total well positioned

◼ Projects already sanctioned with

favorable price formula

◼ Low breakeven projects

◼ Integrated along the entire LNG chain

with strong trading position

High LNG prices required to encourage investment

LNG supply-demand

Mt/y

Decline Incremental 

production*

500

250
Sanctioned

Potential

projects
12-14 

$/Mbtu

<12 $/Mbtu

>14 $/Mbtu

~4%
CAGR

LNG demand

2013 2030

* Break even at IRR 15% nominal

Source: Total 2015
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LNG Facilities in the World
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Liquefaction Plants

Source: IGU - World LNG Report July 2026
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Liquefaction Plants – Total Capacity 2025 = 525 Mtpa

Source: IGU - World LNG Report July 2026
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World LNG Liquefaction Capacity evolution by Regions 1990 – 2030 
Important Growth expected (Impact of Ukraine/Russia war)

Source: IGU - World LNG Report July 2026



124 TPA Toolbox Energy Book 5 - Gas

World LNG Liquefaction Capacity evolution
1990 – 2030 (Existing + FID + Pre-FID)

Source: IGU - World LNG Report July 2026
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Global Liquefaction Capacity by Region & Status
  End 2025 – High number of new potential Projects 

Source: IGU - World LNG Report July 2026
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Global Liquefaction Capacity Utilisation in the World - 2025

Source: IGU - World LNG Report July 2026
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Existing operational & FID LNG plants in the world expected to 
commission by 2030 at End 2025

Source: IGU - World LNG Report July 2026
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Qatargas Liquefaction Plant
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The Yamal Project – Russia
Project Joint-Venture structure has been reshaped following Russia-Ukraine war
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Floating LNG (FLNG)
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Global operational FLNG Projects Capacity End 2025
(16,6 Mtpa operational at End 2025)

Source: IGU - World LNG Report July 2026



132 TPA Toolbox Energy Book 5 - Gas

SHELL Prelude FLNG (Floating LNG) - Australia

◆ 3TCF +120 m bbl condensate reservoir

◆ First FLNG under construction (FID May 2011 , on site 2016-17)

◆ Size 488mx75m  -  600,000 tons of steel

◆ Production : 3,6 Mtpa of LNG+1,6 Mtpa of Condensate+0,6 Mtpa of LPG

Prelude FLNG

250km offshore

WD 250m
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Floating LNG – Shell Prelude project

488m

74m

600 000 t displacement
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The Coral-Sul FLNG to operate at the Coral South project 
Offshore Mozambique
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LNG Receiving Terminals

Source: IGU - World LNG Report July 2026
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LNG Receiving Terminals

Source: IGU - World LNG Report July 2026
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Lithuania’s KN, first LNG import facility in Klaipeda  
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Global Regasification Nominal Capacity and Utilisation Rate  
in the World as of End 2025 – 1115 Mtpa

Source: IGU - World LNG Report July 2026
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Evolution of Global Regasification Capacity  in the 
World 2000 - 2030

Source: IGU - World LNG Report July 2026
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Global Regasification Capacity by status & Regions -  End 2025

Source: IGU - World LNG Report July 2026
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Reminder: Europe LNG Receiving Terminals
Situation & Vision 2016
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Existing LNG Receiving Terminals – End 2020

Source: IGU 2021 World LNG Report/Rystad
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Existing LNG Receiving Terminals – End 2020 
Zoom on Europe

Source: IGU 2021 World LNG Report/Rystad
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Regasification Terminal   Montoir-de-Bretagne - France
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Regasification Terminal - Fos sur Mer - France
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Existing LNG Receiving Terminals – End 2020
A Zoom on Asia 

Source: IGU 2021 World LNG Report/Rystad
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Floating Storage Regasification Units (FSRU)
A new Tool for Diversification of Supply

Source: IGU Gas Report 2022
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Floating Regas Terminals  
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Floating Regas Capacity 2005 - 2030  

Source: IGU - World LNG Report July 2026
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The Exmar FRSU S188 recently arrived at the Port of Rotterdam – June 2022 
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Floating Regasification Terminals in Brazil 
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New FSRU in Europe

Source: IGU 2022 / Rystad

EUROPE: 27 existing LNG Terminals (Onshore & FSRU)

GERMANY:

No existing LNG Terminals, 5 FSRU units scheduled:

- First one started operations in Willemsen in Dec. 2022

- Second one under commissioning in Lubmin, production in Feb. 2023

FRANCE: 4 onshore LNG Terminals

- Fos Cavaou

- Fos Tonkin

- Montoir de Bretagne

- Dunkerque

and 1 FSRU « Cape Ann » to be installed in Le Havre in Summer 2023

Other ones to come in Europe
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LUBMIN FSRU in Germany: Provided by TotalEnergies

(shuttle LNG tanker between outside FSU and FSRU inside the port)

Source: IGU 2022 / Rystad
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LNG Shipping

Source: IGU - World LNG Report July 2026
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LNG Shipping

Source: IGU - World LNG Report July 2026
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LNG Fleet and average capacity

Source: IGU - World LNG Report July 2026
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Major LNG Shipping Routes 2025

Source: IGU - World LNG Report July 2026
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TotalEnergies LNG Projects – Some examples
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Liquefaction  Plant: Bontang, Indonesia
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The Yemen LNG Complex
(Under Force Majeure since several years)



161 TPA Toolbox Energy Book 5 - Gas

Gladstone LNG Project
From CBM to LNG
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Gladstone LNG: From CBM to LNG (1)
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Gladstone LNG: From CBM to LNG (2)
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Gladstone LNG: From CBM to LNG (3)
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Gladstone LNG: From CBM to LNG (4)
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Gladstone LNG: From CBM to LNG (5)
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Gladstone LNG: From CBM to LNG (6)
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Australia is becoming an important player
LNG Projects in Australia

Source: Petroleum Economist 2016
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MARSA LNG - Oman
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FID 04/2024

Execution Ongoing

RFSU Q1/2028

CAPEX
~1.6 G$

TTE share

 80%

OMAN

SOHAR area

1 Train of 1MTPA

(2nd train in option)

1 LNG tank -165000m3

1 jetty for LNGC and 

bunkering vessels

Elec driven compressors

Associated Solar Plant

300MWp ~30 km

Template Slides OneTech

First LNG Plant operated by Total Energies

Best-in-class Total Energies’ LNG asset for GHG Footprint 

MARSA LNG

CO2

To
 b

e
update

d
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RIO GRANDE LNG - USA
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FID 07/2023

Execution Ongoing

RFSU 25/11/2025

COD

(Commercial Operating Date) 

T1: dec 2027

T2: July 2028 

 T3: Feb 2029​

CAPEX
18,4 B

TTE share

 16,7%

Intensity

26 kgCO2e/boe (scope 1 

+ scope 2)

USA

Brownsville , TEXAS

3 liquefaction Trains

Total capacity 17,5 MTPA

2 LNG Tanks

2 jetties

TTE Offtakes

5.4 Mtpa SPA 

Template Slides OneTech

RGLNG

RGLNG

RGLNG

GHG emmissions

Major LNG development in USA context

RIO GRANDE LNG

CO2
Matterh
orn 
pipeline

Proposed 

130-mile 

pipeline 

for Rio 

Grande 

LNG

Whistler 
pipeline

Permian

Eagle

Ford

To be updated
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The Yamal Project – Russia
Project Joint-Venture structure has been reshaped following Russia-Ukraine war
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Three independant world markets
for Natural Gas

7
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With this world market structure,

Gas is in Competition with Regional Energy References.

No Mutual Price Adjustment and thus No International Gas Price Marker

WESTERN EUROPE

EUROPE

JAPAN / SOUTH KOREA

EAST ASIA

Regional natural Gas markets

◆ Natural gas is condemned to rigid, expensive infrastructures, which limit trade 

over very long distances

◆ No world gas market but various national and regional gas markets

◆ Three Main Regional Gas Markets with Marginal Links

NORTH AMERICA

UNITED STATES

Norway

Russia

Algeria/Qatar

Indonesia/Malaysia

Australia

Middle EastCanada

Impact of Shale Gas

US: Now Gas exporter
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Reminder - Gas – Major Trade Movements Year 2021

Source: BP Statistical Review 2022
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The European Market
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Natural gas supply gap in Europe
Evolution 1970 - 2006
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Gas market evolution in Europe 2007-2025

❑ Natural Gas consumption in Europe declined from # 600 G.m3 some years ago to # 480 G.m3 in 

2025 as a consequence of the World  economical environment evolution and the russian attack on 

Ukraine.

❑ Emergence of renewable energies (intermittent)            New gas power plants built as « back-up » 

by energy companies.

❑ Combination of renewable energies new capacities and shale gas development in the US              

Additional export of coal in Europe              Over-capacity of gas power plants in Europe.

❑ But due to GHG emissions constraints, Natural Gas is going to progressively replace coal on the 

medium-long term.

❑ LNG is taking a more important share (Technology improvement, Flexibility,….)

❑ Covid 19 had a negative impact on World Gas Consumption in 2020.

❑ The Russia – Ukraine war has considerable consequences on Europe Supply/Demand balance, 

with russian blockages of North Stream 1 & 2 Gas Flows. Increase of US LNG imports to Europe. 
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Gas Trade & Flows has been dramatically upset in 2022 and 
2023 due to the Russia – Ukraine war and its market and 

economic consequences, in particular in Europe
See also Book 2 - Energy
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Gas Pipelines from Russia to Europe 

Note: End 2014, Russia decided to abandon the South Stream project (Gazprom 50%, ENI 20%, EDF 

15%, Wintershall 15%, 63 Gm3/year, 16 G€)

North Stream 2: new project to double capacity. Partners: Gazprom, Engie, Shell, OMV, BASF, Eon
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Gas Pipelines from Russia to Europe 
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Europe Gas Supply & Demand in 2025 (G.m3)
Russian pipe exports to Europe: 152 G.m3 in 2021 down to 36 G.m3 in 2025 (4 G.m3 to UE)

Egypt
LNG 1

Qatar 13
Oman ε

LNG

2025

Libya 1
LNG ε

Nigeria 9
Angola 4 

Other Africa 4 
(LNG)

Production
(inc. Norway 119)

# 204

Demand
# 480

Import Pipe
# 96

LNG 
(Contracted)

# 176 (-re-exports)

Of which Norway 
Pipe 115 + 4 (LNG)

Iran 7

Azerbaijan 23
Turkmenistan ε

Algeria 28
LNG 13

LNG

in Gm3
Pipelines

Norway 4
Other Europe 1

LNG

US 100
Trinidad 3

Peru 2
Other Americas 1

LNG

Source: Data from EI Stat. Review 2026

All countries in Europe including Turkey. EU: European Union

Arrows not at scale

Russia LNG 20

Russia 36

Australia ε
Other Asia/Pacific 1

LNG
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Europe Gas Supply & Demand in 2024 (G.m3)
Russian pipe exports to Europe: 152 G.m3 in 2021 down to 51 G.m3 in 2024 (27 G.m3 to EU)

Egypt
LNG 1

Qatar 15
Oman 0

(LNG)

2024

Libya 1
LNG ε

Nigeria 6
Angola 1 

Other Africa 1 
(LNG)

Production
(inc. Norway 113)

# 200

Demand
# 470

Import Pipe
# 113

LNG 
(Contracted)

# 157 (-re-xports) 

Of which Norway 
Pipe 119 + 7 (LNG)

Iran 7

Azerbaijan 24

Algeria 29
LNG 16

LNG

in Gm3
Pipelines

Norway 6
Other Europe 1

(LNG)

US 61
Trinidad 3

Peru 2
(LNG)

Source: Data from EI Stat. Review 2025

All countries in Europe including Turkey. EU: European Union

Arrows not at scale

Russia LNG 21

Russia 51
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Europe Gas Supply & Demand in 2022 (G.m3)
Russian exports: 152 G.m3 down to 85 G.m3 in 2022 vs 2021

Egypt
LNG 7

Qatar 28
Oman 1

(LNG)

2022

Libya 3
LNG ε

Nigeria 12
Angola 3 

Other Africa 2 
(LNG)

Production
(inc. Norway 123)

220

Demand
# 500

Import Pipe
151

LNG 
(Contracted)

170 (-re-xports) 

Of which Norway 
Pipe 117 + 4 (LNG)

Iran 9

Azerbaijan 22

Algeria 32
LNG 13

LNG

in Gm3
Pipelines

Norway 4
Other Europe 2

(LNG)

Export US 
ε

US 72
Trinidad 4

Peru 2
(LNG)

Source: Data from EI Stat. Review 2023

All countries in Europe including Turkey

Russia LNG 20

Russia 85
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Europe  Gas Supply & Demand in 2021 (G.m3)

Egypt
LNG 3

Qatar 23
Oman/Yemen/UAE ε

(LNG)

2021

Libya 3
LNG ε

Nigeria 13
Angola 1

Other Africa 1
(LNG)

Production
(inc. Norway)

210

Demand
# 550*

Import Pipe (Contracted)
233 (-re-xports)

LNG 
(Contracted)

104 (-re-xports) 

Of which Norway 
Pipe 114 + 0 (LNG)

Iran 9

Azerbaijan 20

Algeria 
34

LNG 15

LNG

in Gm3
Pipelines

Norway 0
(LNG)

Export US 
ε

US 31
Trinidad 2

Peru 1
(LNG)

Russia 16

Source: Data from BP Stat. Review 2022 

All countries in Europe including Turkey

Russia LNG 17

Russia 152

• IGU: 550 G.m3

• BP : 570 G.m3 Gap # 20 G.m3?
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Share of EU Gas Demand met by Russian Supply 2001 - 2022
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Russian Pipeline Exports to Europe 2011 - 2023
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EU Gas Supply Evolution 2021 - 2025

Source: les Echos du 25 02 2026
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European LNG Import Terminals announced 
since the Russia-Ukraine conflict 

Source: IGU Gas Report 2022

Nota: FSRU: Floating Storage Regaseification Unit
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Gas Supply and Demand European Union
IEA 2025 – STEPS Scenario 

Note: EU = 27 countries, without Norway. Data from IEA WEO 2025

(G.m3)
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Europe LNG Import Volumes

Source: IGU Gas Report 2022
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Snovhit LNG Terminal
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EU Energy Supply challenge for the future

How to replace # 150 G.m3 of russian Gas (situation 

2022) for the supply of EU?

➢ By reducing Gas Consumption

➢ By increasing the access to new LNG supply 

(Current World Production today : 580 G.m3)

➢ By increasing Gas storage capacities
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Where will future Gas come from?

Some scenarios in relation with the Russia-Ukraine conflict
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EU: Drivers for reduced Natural Gas dependancy from Russia 

Source: IEA WEO 2022
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Share of EU’s Gas Imports by source
A drastic decrease of Russian Gas Imports from mid 2021 & 2022   

Source: Eurostat & European Commission
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Evolution of EU’s Gas Imports by source
A drastic decrease of pipe Gas Imports from 2021 to 2025   

Source: Eurostat & European Commission – March 2026

Institute for Energy Economics
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REPower EU – A plan to reduce russian gas dependency (1)
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REPower EU – A plan to reduce russian gas dependency (2)
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Specific situation in Ukraine 
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Specific situation in Ukraine 
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EU – Increased Demand anticipated in 2023 vs 2022

Source: IEA Report December 2022 – How to avoid Gas shortages

 in the European Union in 2023
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EU – A Supply-Demand gap in 2023?

Source: IEA Report December 2022 – How to avoid Gas shortages

 in the European Union in 2023
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EU – A Supply-Demand gap in 2023?

Source: IEA Report December 2022 – How to avoid Gas shortages

 in the European Union in 2023
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EU – Assumptions for Gas Supply in 2023

Source: IEA Report December 2022 – How to avoid Gas shortages

 in the European Union in 2023
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Azeri Gas to Europe (Trans Anatolian NAtural Gas Pipeline)

Source: Agence d’Information d’Etat d’Azerbaïdjan
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EastMedGaz in the mediterranean geopolitics 
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Israel & Lebanon key Gas Infrastruture 

Source: The Washington Institute
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African Energy Mix 2021 
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African LNG Exports 



213 TPA Toolbox Energy Book 5 - Gas

Africa’s LNG infrastructure 
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Potential Gaz Fields development 
 in Tanzania/Mozambique 
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Capex by LNG projects in Mozambique 
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FLNG Mozambique Coral Sul 
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Potential Gas Fields Development in Senegal/Mauritania 
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The North American Market
(See Book 6 – Unconventional Hydrocarbons)
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North America

◆ Mature markets, mature infrastructures.

◆ The Gas transport and Gas market competition are ruled.

◆ A liquid and deep market.

◆ The Gas demand is elastic.

◆ Coal is a competitive energy for power generation, despite the 

negative consequences of CO2 emissions.

◆ The conventional Gas production decreases, while uncertainties 

over the unconventional reserves remain due to the sensivity to the 

price. Economics are the keys.

◆ A growing business: the Gas Shales exploitation, high contribution 

to production increase, environmental concerns. USA has become a 

gas exporter. US Gas exports through LNG have considerably 

increased due to the Ukraine/Russia war.
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Reminder: US are going to become Net Exporter of HC
A IEA 2017 Vision

Source: IEA WEO 2017
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New plays to potentially impact supply-demand balance
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North America LNG Projects - 2026

Source: TotalEnergies-Nov. 2025
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Gas Supply and Demand North Americas*
IEA 2025 STEPS Scenario 

Exports

Imports

Production/

Consumption

(G.m3)

Shale Gas production changes the picture: US has become a gas exporter

* US, Canada, Mexico

Data from IEA WEO 2025
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Sabine Pass – United States

From LNG Import to LNG Export

START-UP OF PRODUCTION IN THE FOURTH 

QUARTER OF 2015

2008: start up of the Sabine Pass LNG regasification

terminal built by Cheniere Energy (operator)

- 40 Bcm/y of total regasification capacity

- 10 Bcm/y of regasification capacity subscribed by 

Total for 20 years from 2009

2012: Sabine Pass received the authorization to export 

LNG from four liquefaction trains and, in 2015, from a 

fifth train, which involves converting the regasification 

plants into liquefaction plants.

- 6 liquefaction trains with a capacity of 4.5 Mt/y each

- T1-T4: under construction, start-up from 2015

- T5: FID in 2015, T6: pre FID, start-up from 2018

- Agreement with Kogas for the purchase of 0.7 Mtpa 

of LNG from Sabine Pass for a duration of 20 years 

(T3) 

- Agreement with Cheniere covering exports of 2 Mtpa 

of LNG from Sabine Pass  for 20 years (T5)

Source: Total 2015
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The Pacific Asia Market
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Gas Supply and Demand Asia Pacific
IEA 2025 STEPS Scenario

(G.m3)

Imports

Production

Data from IEA WEO 2025
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China Natural Gas Supply  by source (2024)

Source: Energy Institute. Statistical Review of World Energy 2023

2023 figures compiled from China’s General Administration of Customs, 

LNG Prime, Kpler
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LNG Receiving Terminal – Chiba/Japan
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Following cuts of Russian Gas supply to Europe,
A zoom on Russian Pipeline routes to China
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Top 10 Gas Companies in the World
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IRAN

RUSSIA

QATAR

TURKMENISTAN

S. ARABIA

VENEZUELA

ALGERIA

IRAK

CHINA

UAE

NIOC 33,5

GAZPROM                      18,6

QATAR PETRO. 17,7

TURKMENGAS               16,3

ARAMCO 8,4

PDVSA 5,7

SONATRACH 4.5

INOC 3.7

CNPC                                3,5

ADNOC 3.4

Top 10 Company by Natural Proven Gas Reserves
Situation Year 2016

T.m3
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GAZPROM (Russia) 1155

NIOC (Iran) 555

QPC (Qatar) 344

CNPC (China) 331

SHELL 301

ARAMCO (Saudi Arabia) 300

EXXONMOBIL 287

SONATRACH (Algeria) 229

BP 200

PETRONAS 191

Mm3/d

Top 10 Companies by Natural Gas Production 
Year 2016
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Top 20 Resources by Countries

Source: TotalEnergies E&P Data Book 2023
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Top 20 Resources by Companies

Source: TotalEnergies E&P Data Book 2023
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International Majors weight # 18% in the World Gas 
Resources Assets- Year 2022

ARAMCO

GAZPROM

CNPC

Gas Production (Bcf/d)

Gas Resources (Tcf)

NIOC

EQT Corp
Chevron

BP

Novatek

Rosneft

Turkmengas

Sonatrach  Shell ExxonMobil 

TotalEnergies

ADNOCSinopec Group

Conoco Phillips

KPC

Source: ChG/Data from TotalEnergies 2023

Resources accounted as Commercial 2P & Technical 2C 
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The gas chain components and their 
economics: Production & Processing
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Liquids

Gas Field

Non-Associated Gas

Gas

Water

Associated Gas

Oil

Oil

Water

Unsaturated Oil Field

Saturated Oil Field
Oil

Liquids
Oil

Associated Gas
Dome Gas

Water

Gas

Natural Gas Production
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METHANE

ETHANE

PROPANE

BUTANE

PENTANES & HEAVY FRACTIONS:

Pentanes plus

Natural gasoline

Condensate

C3

C4

C2

C1

C5+

LPG

Liquefied 

Petroleum

Gas NGL

 Natural Gas 

Liquids

Water Nitrogen Helium

CO2 H2S Mercury ...

➢ Separate liquids and gases for efficient transportation and distribution.

➢ Remove unwanted materials such as hydrogen sulfide and water. 

➢ Meet specifications set by buyers of gas.

Natural Gas Processing
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Acid Gas High in CO2 and/or H2S

Lean (Dry) Gas Low in NGLs

Rich (Wet) Gas High in NGLs

Sweet Gas Low in H2S

Sour Gas High in H2S

Low Cal Gas High in CO2 / N2

Natural Gas Quality

Gas quality has a major economic impact.

◆ Presence of heavy components (LPG, Condensate) improves 

the economics of a gas project.

◆ Presence of H2S, CO2 and Nitrogen induces higher processing 

costs and thus lowers the value of a gas project.
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Hydrates – Potential problems
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Processing examples: Acid Gas Removal & Gas Sweetening 
and Drying
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Natural Gas heat content by country

Natural gas heat content by country in 2006
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Natural Gas processing costs
(Costs can substantially fluctuate depending upon economic environment) 

◆ Natural Gas Processing costs depend on

◼ Field Location

◼ Field Size

◼ Gas Components

◼ Type of use envisaged for the products

◼ Means of transportation for the products

Processing Costs may vary significantly

Important Economies of Scale

◆ $0.20/MBtu to $0.60/MBtu for an Onshore Processing Plant of 6 to 8 Bm3/year capacity

◆ Multiplying Factor of 2 for a 1 G.m3/year Processing Plant

◆ Multiplying Factor of 3 for an Offshore Processing Plant
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0.3

0.5

1.5
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0.7

1

0.7

2

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

$/MBtu

0.9

MEast Onshore

MEast Offshore

USA Onshore

USA Offshore

WEurope Onshore

North Sea - South

North Sea - North

NSea - Marginal

Asia - Oceania

Natural Gas production costs
(Costs can substantially fluctuate depending upon economic environment)
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The gas chain components and their 
economics: Transportation
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Natural Gas Transportation 
Pipeline - LNG tanker
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Gas Pipeline vs LNG
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Pipe Laying

Source: GRT Gaz/Artère de Guyenne
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Pipe Laying

Source: BP Trans-Anatolian pipeline in Turkey
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LNG Carriers

804 active LNG 

vessels in the world 

at end 2025
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Natural Gas fills a volume 1000 times larger than Crude Oil for the same energy content.

Long-distance transportation costs

for gas are higher than those for oil by a factor of five to ten.

LNG TANKER OIL TANKER

135 000 m3 70 000 t

250 M$ 100 M$

GAS PIPELINE OIL PIPELINE

100 TWh/yr  = 900 mm = 36"     500 TWh/yr

     1.5 M$/km           0.7 M$/km 

Natural Gas Transportation
(Costs can substantially fluctuate depending upon economic environment)
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Transportation Selection
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1

3

$/MBtu

km

Gas pipe

High Cost

Gas pipe

Low cost

LNG

Oil pipeOil tanker

800 3200 4000 6400 80001600

4

2

5

Natural Gas transportation costs
(Costs can substantially fluctuate depending upon economic environment) 
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P2P1P2P1P2P1

Q D

Pipe Investment:  kp . Dc for D > 500 mm

0.8 M$/km < kp <M$1.0/km 1.3 < c <1.5 D in meters

Diameter mm

inches

Investment (M$/1000 km)

800

32

660

1000

40

900

1200

48

1160

1400

56

1440

Annual Pipe Operating Costs:  1 to 3% of Investment

Compressor Stations

Investment:  a + b P Energy Costs:  P ,  (Load Factor)2

Annual Operating Costs: 3 to 7% of Investment

Natural Gas pipeline transportation
(Costs can substantially fluctuate depending upon economic environment)



257 TPA Toolbox Energy Book 5 - Gas

The LNG Value Chain
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Liquefied Natural Gas chain costs
(Costs can substantially fluctuate depending upon economic environment)

◆ LNG CHAIN :

◼ 6 to 9 Bcm/yr (4.4 to 6.6 Mt/y)

◼ 5 to 6000 miles

◆ LIQUEFACTION (plant, storage, terminal)

◼ Investment: 5.0 – 8.0 G$

◼ Unit Cost: 2.3 – 3.6 $/MBtu

◆ TRANSPORTATION (135 000 cu.m, 7 to 8 tankers):

◼ Investment: 1.8 – 2.0G$

◼ Unit Cost: 0.8 – 0,9 $/MBtu

◆ REGASIFICATION (storage, terminal)

◼ Investment: 0.8 – 1.3G$

◼ Unit Cost: 0.4 – 0.6 $/MBtu

◆ TOTAL LNG CHAIN

◼ Investment: 7.6 – 11.3 G$

◼ Unit Cost: 3.5 – 5.1 $/Mbtu 

Gas

LNG

LNG

Gas

Nota: 1 T LNG # 1300 m3 # 50 Mbtu

Unit cost  are based on discounted production
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LNG Issues : Costs and Timing – 1970 - 2015

Start-up year
Source: Wood Mac Kenzie



260 TPA Toolbox Energy Book 5 - Gas

Capital Costs evolution of LNG Projects 
by country

Source: IEA 2019
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Capital Costs & marginal Costs of LNG Projects 
by country

Source: IEA 2019
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Prices for LNG carriers 1980 - 2009
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3
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Regasification Unit Costs by Project Type

Source: IGU 2018
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The Economics of various Gas projects,
from the well to the final consumer

One illustration
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Domestic

Market

Domestic

Market

Regas Plant

Terminal

LNG Plant
LNG
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+ Distribution costs

+ flex + Quality conv.
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The gas chain components and their 
economics: Storage

10
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Transport-Storage: spinal column of the gas chain to route gas towards 
and inside consumption zones
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Natural Gas Storage - Traditional use

Winter

Summer
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365Winter Spring/Fall Summer

Into Storage

Firm Supply

=

Daily Gas Inflow

Capacity of Natural 

Gas Import Pipeline 

System

days

out of

Conventional Underground 

Storage

out of

Salt Cavities 

Storage

out of

LNG 

Storage

Daily

Gas Demand

Natural Gas Storage

◆ Goal of Natural Gas Storage:
◼ Provide logistical flexibility, security 

of supply, peak shaving, and trading 

opportunities.

◆ Means of Natural Gas Storage:
◼ Depleted Fields, Aquifers, Salt 

Cavities, and LNG Storage.

Out of  

Storage
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Natural Gas Storage

◆ The safest, most secure and economically viable form of natural gas storage is storage 

in natural or man-altered underground formations. 

◆ The three principal types of gas storage sites are:

◼ Reservoirs in oil or gas fields 

◼ Aquifers

◼ Salt cavern formations

◆ In addition, above ground storage facilities can be built

(LNG peak shavers)

◆ The most important characteristics of a storage facility are its capability to hold large 

volumes of natural gas for future use and the rate at wich the gas inventory can be 

withdrawn (its delivery rate).
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Working Capacity (106 m3)

Flexibility (Flow/Capacity)

Investment ($/m3)

Exploitation Costs ($/MBtu)

Depleted

Fields
Aquifers

Salt

Cavities

300 - 5000

low

0.2 - 0.3 

0.3 - 0.5

200 - 3000

low

0.2 - 0.3

0.3 - 0.5

50 - 500

high

0.6 - 0.8 

0.3 - 2.5

Natural Gas Storage costs
(Costs can sbstantially fluctuate depending upon economic environment) 



273 TPA Toolbox Energy Book 5 - Gas

Peak shavers LNG
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Synthesis
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Technology and innovation
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Technological progress

◆ Specific gas exploration

◆ Arctic /Siberia

◆ Offshore marginal fields

◆ Multiphase systems

◆ Efficiency

◆ Simplification

◆ Size increase

◆ Floating LNG

◆ Size increase

◆ Diesel propulsion

◆ Multiphase pumping

◆ Optimal control / complex networks

◆ Better investigation

◆ Safer exploitation

◆ Efficiency

◆ Innovation

◆ Compressed Natural Gas

◆ Gas to Liquids

Exploration

Production

Liquefaction

Transportation

Underground

Storage

Use



278 TPA Toolbox Energy Book 5 - Gas

Technical innovation – Floating LNG
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Technical innovation – Floating LNG

Source: Technip
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The Coral-Sul FLNG to operate at the Coral South project 
Offshore Mozambique
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Reminder - Floating LNG projects - 2015

Source: IEA WEO 2015



282 TPA Toolbox Energy Book 5 - Gas

Floating LNG: Shell Prelude project

Source: Technip
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Floating LNG: Shell Prelude project

Source: Technip
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• LNG project in Australia

• FLNG: 488 m length, 74 m width

• Two helidecks

• Capacity: 3,6 MT LNG, 1,3 MT Condensate and 0,4 MT 

LPG

• Technip in charge of the construction

• Operational start-up: 2017

• Operated by Shell (67,5%). Joint-venture with Inpex 

(17,5%), Kogas (10%) and OPIC (5%) 

Floating LNG: Shell Prelude project
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Floating LNG: Shell Prelude project
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Floating LNG: Total project

Source: Technip
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Bonaparte Floating LNG

Source: GdF Suez
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Petronas Floating LNG

Source: IGU 2016
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Business/Market Evolution:

Small Scale LNG (SSLNG)…….

Source: IGU 2015, Shell
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Gas to Liquids (GTL)Technology
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GTL Technology
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GTL Technology
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Competing fuels and Gas prices
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Market segments and competing fuels

◆ Residential

◼ Electricity

◼ Domestic FO

◼ LPG

◆ Large industry

◼ Heavy fuel oil

◼ Coal

◆ Commercial

◼ Small industry

◼ Electricity

◼ Domestic FO

◼ LPG

◆ Power Generation

◼ Coal

◼ Heavy fuel oil

◼ Nuclear
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NATURAL

GAS

ELECTRICITY   GAS OIL   LPG

ELECTRICITY     COAL     FUEL OIL
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Natural Gas

does not have a Captive Market

Natural Gas markets
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Natural Gas uses
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Global percentages evolve with time
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Natural Gas uses
Global percentages evolve with time

Source: BP Energy Outlook 2035  2017 Ed. 
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CCGT, An Efficient Technology
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Illustration: Seasonal profiles, typical of different gas market sectors
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Illustration: Detailed Electricity Generation Mix in Germany
Week 51 in December 2013

Source: Mycle Schneider Consulting



302 TPA Toolbox Energy Book 5 - Gas

Gas Sales Contracts

Main Characteristics
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Gas Sales Contracts

◆ Quantities

◆ Quality

◆ Measurements

◆ Facilities/Delivery Point

◆ Price

◆ Billing

◆ Duration

◆ Other Clauses

◼ Force majeure

◼ Termination

◼ Assignment

◼ Law

◼ Revision
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Flowchart of a Gas Contract

SWING DCQ ACTIVE DAYS ACQ

ADJUSTED ACQ

FORCE

MAJEURE

DEFAULT

OF THE 

SELLER

MAXIMUM DAILY 

DELIVERY

MAXIMUM DAILY 

DELIVERY CAPACITY

OVERLIFTING

OF THE BUYER

DEFAULT

OF THE BUYER

MAKE-UP

GAS

CARRY-

FORWARD

TAKE OR

PAY

SupplyDemand

Capacity

Volume

N.B: Contracts are all different. All terms do not necessarily appear , the wording may vary
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Gas Sales Contracts

◆ Quantities

◼ Volumes

⚫ Total Contractual Quantity: TCQ

⚫ Annual Contractual Quantity: ACQ

⚫ Daily Contractual Quantity: DCQ

⚫ Nominated Quantities

⚫ Take or Pay

⚫ Climatic Corrections

◼ Variations

⚫ Flexibility

⚫ Interruption

⚫ Priorities

◼ Default and adjustement

⚫ Make-Up gas

⚫ Short Fall gas, Carry Forward
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Gas Sales Contracts

◆ Quantities

◆ Quality

◼ Pressure conditions

◼ Gas composition

◼ Gas Specifications

◼ Non-acceptable impurities

◼ Impact on gas price

◼ Entitlement to refuse the gas
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Gas Sales Contracts

◆ Quantities

◆ Quality

◆ Measurements

◆ Facilities

◆ Price

◼ Base Price (P0)

◼ Indexation Formula

◼ Currency

◼ Reference period

◼ Price Review
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Gas Price set through negotiation

between

Gas Cost and Gas Value

GAS VALUE

at 

Delivery Point

Upper Limit of Gas Price

GAS COST

at 

Delivery Point

Lower Limit of Gas Price

Without an international marker, it is indexation that is used in setting gas prices.

Indexation is an instrument used to reflect the specificity of the demand zone,

and therefore to ensure the marketability of gas.

Delivery Point
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Natural Gas Price
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Gas pricing: Europe (Border price)
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€

WHAT WILL INFLUENCE THE GAS PRICE IN LT CONTRACTS

Heavy fuel price

(Industry)

Swing Factor Quality Default gas

GAS
PRICE

Substitute for gas

Commodity

Circumstance

Spot price

OIL
PRICE

Exch.

rate

Contract

formula

Supply and Demand

USD

Currency

Gas oil price

(Households)

19
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Gas price formulas – Some examples

◆ Values of indices X and Y are computed over a reference period (3 to 
12 months), preceding the period over which the gas price P, derived 
from the formula, is applied. 

◆ Gas price P derived from the price formula is usually used for a period 
of 3 months before being readjusted with new values of the indices.

Gaz to Power

P = P0 (35%*C/C0 + 20%*E/E0 + 20%*I/I0 + 20%*S/S0 + 5%*T/T0)

LNG

P(GNL ex ship) = 0.15*JCC + Cst*Inflation

JCC : average price of a basket of imported crudes

P = P0 (30%*GO/GO0 + 30%*FO/FO0 + 40%*I/I0)

P = P0 + 60%*0.8 (GO - GO0) + 40%*0.9 (FO - FO0)

P= P0 + a (X - X0) + b (Y - Y0)
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Market segments and competing fuels:
impact on pricing

◆ In LT contracts, escalation of price is traditionally based on 

various energy indices, initially aimed at reflecting the structure 

of the gas market in the BUYER’s country. One example:

Gas Market 

segment

Residential 

and 

commercial

Industry

Power

Generation

Best 

alternative fuel

Gas price

formula

Gas oil Gas oil LSHFO LSHFO Coal

45% 30% 25%

45% 10% 20% 15% 10%

P=P0*(55%*GO/GO0+35%*LSHFO/LSHFO0+10%*C/C0)
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Competing fuels weighting factor in LT pricing 
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Price Reviews
(Important aspect to cover Price risk)

◆ Price Reviews may be triggered every 3 to 5 years (usually on the 1st of October) by 

either Party, and shall be justified by:

◼ A change in the « economic circumstances in the country of the Buyer » …

◼ This change shall be beyond the control of the Parties;

◼ The change shall impact the value of the natural gas in the end user market of the Buyer;

◼ The Buyer shall always be able to market the gas economically

◆ Changes taken into account have to occur during

the « Reference Period ».
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Gas Price indexation on Oil will become less 
and less important in the future
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Weighting Factors are changing upon Time
Example: From 2005 to 2017

Source: International Gas Union (IGU) 2018
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Weighting Factors are changing upon Time
Example: From 2005 to 2017

Source: IEA 2021 – Gas Market Liberalization
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LNG Import Contracts
Oil – indexed vs Gas – to – Gas Pricing

Source: IEA Global Gas Security Review 2020
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LNG Import Contracts
Oil Price Escalation (OPE) vs Gas – on – Gas (GOG) Pricing

Source: IGU Gas Price Survey 2026
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Evolution of Natural Gas Prices 2005 – 2022
A huge jump in 2022: Invasion of Ukraine by Russia

Source: EI Statistical review 2023

Gas Prices 2022:

US Henry Hub             :  6,5 $/Mbtu

German Import Price  :  24 $/Mbtu

UK NBP                        :  25 $/Mbtu

Netherlands TTF         :  37 $/Mbtu

Japan Korea marker   :  34 $/MBtu
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Evolution of Gas Prices 1984 – 2025
A huge jump in 2022 for Natural Gas & LNG (Invasion of Ukraine by Russia) 

followed by a sharp decline in 2023

Source: EI Statistical Review of World Energy 2025

Gas Prices 2025:

US Henry Hub             :   3,5 $/Mbtu

UK NBP                        : 11,7 $/Mbtu

Netherlands TTF         :  11,9 $/Mbtu

Japan Korea LNG       :  12,2 $/Mbtu

South Korea LNG       :  10,8 $/Mbtu
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Evolution of Monthly Natural Gas Prices  
Dec. 2024 – March 2026

Source: IGU - World LNG Report July 2026
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Henry Hub Prices (US Gas Price Reference) - 2014-2026

Source: TotalEnergies-Feb. 2026

Note: 2025 average price = 4,5 $/MBtu

          equivalent to 26 $/boe

(and 2,4 $/MBTU average in 2024 , or 14 $/boe)
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Natural Gas Pricing  Jan. 2020 – Nov. 2025
Record Lows in 2020 due to Covid. Peak at # 100 $/Mbtu (# 600 $/b) in September 2022!

Source: International Gas Union (IGU) Global Gas Report 2025

/Rystad Energy
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Gas & Electricity Prices evolution in Europe 2020 - 2025
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Monthly German Border Gas Prices Evolution 2020 – 2025 ($/Mbtu)
The impacts of economic & geopolitical turmoils are great

2021 2022 202420232020

Average ($/Mbtu)

2020 3,2

2021 16,3

2022 37,5

2023

2024

2025               

12,9

10,9

11,9

Source: Ch.Guéritte/Data from IMF Primary Commodity Prices 

2025 2026
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Monthly Wholesale Electricity Prices France 2020 – 2025 (€/MWh)
The impacts of economic & geopolitical turmoils are great

2021 2022 20232020 2024 2025

Source: Ch.Guéritte/Data from Ember

Average (€/MWh)

2020 32,2

2021 108,8

2022 275,1

2023                            97,2

2024 58,0

2025 63,2

2026
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Monthly German Border Gas Price (€/MWh) Monthly Wholesale Electricity Price in France (€/MWh)

Strong correlation Electricity Price/ Gas Price in Europe (€/MWh)
The impacts of economic & geopolitical turmoils are great

2021 2022 20232020 2024 2025

Source: Ch.Guéritte/Data from Ember, IMF

Exchange Rate: FRED, US Fed. Reserve system 

2026
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LNG Price indexation: markets’ trend
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IEA 2025 Gas & Fuel Prices vs Scenarios 

Source: IEA WEO 2025
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Evolution of national gas markets
towards liberalization & globalization

The History

13
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Liberalization of the Energy Markets

➢ The liberalization of the Energy Market means the opening of the Electricity and Gas Market to free 

competition. This has broken up existing monopolies and opened the market to more participants. 

➢ In most cases, liberalization was accompanied by unbundling, which made a distinction between 

generation, transmission and distribution/retail in the Energy sector. The aim was to make 

Electricity supply more efficient by integrating competitive forces where possible and by integrating 

regulation where necessary. 

➢ In Europe, liberalization began in 1996 with the adoption of the first European Directive. The legal 

basis of the liberalization and harmonization of the EU internal energy market is the Treaty on the 

Functioning of the European Union (TFEU). The aim was to create one single integrated internal 

European Electricity Market across all EU member states to reduce overall grid costs and benefit 

from synergies in the security of supply.

➢ The process is a long one. During the following decades, the regulations on liberalization of Energy 

markets were reinforced with the second Directive and later the 3rd revision of the Energy package 

and the Energy Union Winter Package, which strives to achieve a fully-integrated, 

further decarbonized electricity market and ensures security of supply through 

solidarity and cooperation between EU member states.
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Liberalization of the Energy Markets
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Evolution of national Gas Markets
towards liberalization & globalization

The History
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Markets liberalization and globalization: what are the key 
differences between Oil and Gas & Electricity ?

OIl and Gas can be qualified as Primary Energies. Electricity is not a Primary Energy, it is produced 

through industrial tools: power plants, solar farms, wind farms,….

Oil

◆ Is a concentrated form of energy: twice more energy per cubic meter or per ton than most 

powerful explosives.

Gas

◆ Is a diffuse form or energy: thousand time less energy than oil per normal cubic meter… but 

nearly same energy amount per ton.

Oil

◆ Is liquid, therefore easy to handle through interruptible and flexible chains.

Gas

◆ Is gaseous, therefore difficult to handle and requires practically non interruptible and rigid 

chains.
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Fundamental consequences for Gas Economics and Gas Marketing

MAJOR CHALLENGE

❑ How to « concentrate » the diffuse energy of natural gas, i.e

❑ How to increase its volumic energy density:

❑ Pressure ( practical range from 70 to 200 bars)

❑ Temperature (liquefaction at -160°C)

❑ Chemical processes (methanol, ammonia, GTL)

❑ MAJOR CONSTRAINT

❑ Wathever type of « concentration technologies » is used, on average 

Gas logistics are more than five time more costly (per unit of energy) 

than Oil products logistics.
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Oil and Gas Markets: how do the fundamental differences impact 
liberalization and globalization ?

❑ Because costs for Gas logistics are five times higher than for oil:

❑ Natural monopoly is a far more important phenomenon for Gas than 

for Oil

❑ Markets liberalization is far easier for Oil

❑ Market globalization is also far easier for Oil

❑ For Oil the FOB versus CIF value difference is small, making market 

globalization easy (including pricing).

❑ For Gas the FOB versus CIF value difference is high, making market 

globalization difficult (including pricing).

❑ Similar differences impact the whole « value chains » for Gas versus Oil.
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Oil and Gas markets: the fundamental differences on economic values 
and therefore on pricing

❑ Gas is fully substituable for all its Markets… while Oil is not: this is the 

key point about their respective economic values and pricing systems.

❑ Gas can enjoy premiums on certain specific Markets (Electricity 

generation, domestic usages, clean industries…) but can always be 

substituted by oil products (ceiling value: LPG’s or light distillates… or 

+ 150% Oil parity).

❑ Oil has 70% of its markets « not substituable »: 50% for transports, 10% 

petrochemicals, 10% others. « Not substituable » is an easy word for « 

very difficult to substitute » (i.e. substitution only possible at very high 

cost and with a long lead time).
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Main Gas Infrastructures in Europe
A dense, heavy, interconnected industrial network
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An example of Gas Market liberalization:
the European Union

❑The historic background

❑The basic reasons for change

❑The rules yesterday, today and tomorrow

❑The challenges and potential risks
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Pre-opening organisation: the Gas Club

Note: GFU has been dissolved since year 2000
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Gas infrastructure = Natural monopolies
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Monopolies: a variety of historical situations

❑ Seller or Buyer is a state company: 

❑ Gaz de France (now ENGIE), British Gas

❑ Seller or Buyer is a private company with a monopoly granted by the 

State:

❑ Gasunie, Distrigaz

❑ Monopoly may cover:

❑ A geographical area where gas company has an exclusive right to 

seIl gas (national borders, demarcation areas in Germany)

❑ A class of customer (Gasunie, SNAM)

❑ Both as was the case for GSO (Gaz du Sud-Ouest) and CFM 

(Compagnie Française du Méthane) in France. 
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Long term contracts = Vertical integration
The key to the «gas club» success story
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Reasons for change

❑Post war organization in infringement of EU Treaty:

❑EU / Rome Treaty (Article 81 and 82) deals with competition 

rules:

❑People and goods shall move freely within EU, without any 

restriction or barrier. No competition distortion.

❑Progress achieved in the development of the EU Gas Market 

(see above) no longer justify such exemption.

❑Merchant monopolies may abuse of their exclusive position.

CHANGE DRIVEN BY POLITICAL CONSIDERATIONS
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Evolution of Natural Gas markets towards liberalization
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Changes
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Third party access: a revolution !

If competing sellers are to reach one buyer through the 

same Gas infrastructure, they should be allowed to get 

access to such infrastructure
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Third Party Access: a revolution !

❑ To define available capacity (not contracted… or not used?).

❑ To define rule of access (First come - first served,  pro-rata, 

priorities).

❑ To define rule of use (Communications, Nominations, Quality 

issues, Balancing)

❑ To define tariffs (Point to point distance related, entry - exit, 

post stamp - related to capacity booked only or to capacity 

booked plus use of such capacity)

A totally new concept for Gas companies who, prior market opening, were sole 

users of their grids and did not accept third party to ship as in their grids
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Access

❑ GRIDS and LNG:

❑ Conditions of access and use, and corresponding tariffs are REGULATED

❑ A regulator has to approve contractual conditions and tariff and tariff 

methodology is to be published.

❑ STORAGE (+ Line pack and ancillary services)

❑ Conditions of access and use, and corresponding tariffs are 

NEGOCIATED.

❑ SSO has to publish the main commercial conditions for the use of the 

storage.

Access must be transparent and non-discriminatory.
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Control

❑ Creation of national regulators for:

❑ Regulating access to grids / LNG facilities

❑ Addressing complaints against the natural monopolies by shippers 

who claim to suffer from discrimination, lack of transparency.

❑ Unbundling of activities along the gas chain

❑ Legal unbundling: Transmission system and Distribution system 

operators shall be each independent in term of legal form, 

organisation and decision making process from the other parts of a 

vertically integrated gas company.

❑ Account unbundling: Separate accounts shall be kept for each of 

Transmission, Distribution, Storage and LNG activity.

❑ Ownership unbundling.
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European Gas Hubs
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Eligibility: the whole market at 01/07/2007
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Regulators in the EU
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The Energy Market in the EU & France 
Situation 2019 - Key Dates
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Gas and Electricity Markets
towards liberalization have been moving 
slowly since the implementation of the 

European Directives 20 years ago.
Freedom to get access to Gas or Electricity 
suppliers is fully operational, but Gas and 

Electricity prices have not decreased during 
the last decades and continue to be subject to 

geopolitical turmoils
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European Power Exchanges

➢ Power Exchanges organise trading and operate markets.

➢ Power Exchanges offer a trading platform to their exchange members. The 

members connect to this platform and submit orders for buying and/or selling 

power, which are registered in an order book. These orders reflect supply and 

demand for a specific market area at a certain moment in time. 

➢ Based on the order book, Power Exchanges calculate a market price. Since the 

trades result from a large, open and transparent competition between the orders 

of the Exchange members, they reflect the best information available at the time 

under the market conditions. They are hence the most reliable prices available for 

electricity in short-term delivery. 

➢ By matching supply and demand, Power Exchanges ensure a transparent and 

reliable price formation, and they make sure that the traded electricity is delivered 

and paid.
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The Electricity Market in France
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In 2023, a large number of Natural Gas Suppliers
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In 2023, a large number of Electricity Suppliers
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Example of challenging gas projects: 
Shtokman & Yamal

14
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The Shtokman Project
The History
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Shtokman - Innovative partnership with Gazprom as Leader

◆ Discovered 1988, GIP: 3700 Gm3

◆ Partnership
◼ Gazprom  51%

◼ Total        25%

◼ Statoil      24%

◆ Markets :
◼ LNG

◼ Export to Europe via Nord Stream

◼ Domestic market

◆ Phase 1 milestones  (24 Bm3/y.)
◼ 2008/2009 : FEED

◼ 2009/2010 + : FID

◼ > 2016 : Gas production & LNG Export

High value-added partnership

◆ Addressing together main challenges : technology, 

environment, marketing..

◆ Technological & financial risks sharing over 25 yearsHarsh Conditions

Phase 1: 3 clusters (20 wells) 

SPAR, FPU or TLP

580 km pipe multiphase

Murmansk Terminal

1 train LNG 7,5 Mt p.a. (Ph. 1)
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Shtokman : largest known undeveloped offshore gas field

Disconnectable FPU

130 kt / 330 m long

6 x 16” flowlines

4 export flexible 

14” risers

Offshore Development Scheme

6 x 4 slot 

templates 

6 infield flexible 

14” risers

2 x diphasic

36” trunklines

▪ 500 km offshore, 

350 m water depth

▪ Giant field 140 Tcf

of gas in place

Field

▪ Plateau 2.3 Bcf/d

with 7.5 Mt/y LNG

▪ Planned start-up 

in 2016-2017

Development
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Russia: Shtokman Project phase 1

◆ Shtokman Development ag:
◼ Gazprom 51% - SMNG (Gazprom) holder of the Shtokman license

◼ Total 25%

◼ StatoilHydro 24%

◆ Proposed development plan:
◼ Offshore floating production unit - 20 production wells

◼ 600 km sea line with dry 2 phases transport

◼ Onshore: LNG plant and pipe gas treatment plant

◆ Development in harsh arctic offshore 
◼ Gas & Condensate field, 120 Tcf gas in place (Full Field = 50 years of 

France's 2007 gas consumption)

◼ 600 km from shore = most remote offshore development

◼ Technically challenging in extreme weather conditions & sensitive 

ecosystems

◆ Phase 1 development
◼ Production 23,7 Gm3/y:

⚫ 7,5 MT/y, LNG to US market

⚫ 11 Gm3/y gas pipe (Western Europe + 5% local market)

◼ First gas: 2016 +

◼ 2P reserves: 600 Gm3 (14 years of France's 2007 gas consumption)
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Shtokman: balanced relationships

◆ Tailored licence scheme

◆ Tailored operating scheme

◆ Risk sharing

◆ Reward sharing

Building Mutual Support

Shtokman
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Due to the its complexity and the evolution of the world 
gas market, as of mid 2012, the Shtokman project was 
reviewed by the partners and put on stand-by.

Statoil then transfered its share to the Consortium.

On 24 June 2015, Total announced the transfer of its 
25% interest share in the project to Gazprom.
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The Yamal Project
The History
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The Yamal Project

Nota: In 2015, Total transferred their share of Shtokman to Gazprom.
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The Yamal Project

Partnership as per september 2015: Novatek (60%), Total (20%), CNPC (20%),

Silk Road Fund (9% taken from Novatek, which share is now 51%) 
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The Yamal Project
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The Yamal Project
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The Yamal Project
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The Yamal Project

15 Ice breakers

For Yamal LNG
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The Yamal Project
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The Yamal Project
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The Yamal Project
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With the invasion of Ukraine by Russia and its geopolitical and 
economic consequences, the Yamal project is at stake for the 

various partners.
Furthermore, Russia’s Gas exports are affected by Europe’s 

ban as a consequence of Ukraine invasion. 
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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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