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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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Oil industry: general considerations

1
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Energy and Life: Carbon is a Vital Element for the day to day Life.

It also creates nuisance in relation with the Climate change

CO2 in atmosphere
1750           280 ppm (0.028%)

1999           367 ppm 

2005           380 ppm

May 2026   432 ppm

Combustion Alcanes

C8H18+25/2O2

       8CO2+9H2O
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The Formation of Hydrocarbons
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Organic matter falls
Sediments and organic

matter at the sea bottom

Source Rock
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Land or ocean Pressure increase

Organic matter

is burried Temperature increase

Oil and gas appear

in the source rock

Maturation
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Hydrocarbons go up to the surface

Oil
Source rock

Water

Gas

Migration
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Trapped water, oil & gas

Source

rock

Reservoir 

rock

Seal: impermable

rock

Entrapment
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The Petroleum System Process
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The Petroleum System Processes

Source: USGS 3 April 2012
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Conventional vs Continuous Resources

Source: USGS 3 April 2012
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Reservoir Rocks
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Reservoir Types
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Various types of hydrocarbon fields
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Key Considerations about
Energy Fundamentals

For the last 70 years :

◆ Oil has been the dominant source of Primary Commercial Energy (40% of world total in 

average)

◆ Oil has been the economic regulator of all energy prices.

◆ Oil has been the physical regulator of the World Energy System.

◆ OPEC has been the regulator of World Oil System.

◆ Saudi Arabia has been the regulator of OPEC.

During the last decades, the emergence of Light Tight Oil (LTO), Shale Oil (LTO) and Shale Gas  

production in the US has changed the game. US is now the N°1 Oil Producer in the world.

The 2020 Covid-19 sanitary crisis and the war in Ukraine again shows that the World Economy and 

its Energy balance can be strongly upset by unexpected events.

The new constraints attached to Climate Change and Energy Transition will have major 

consequences on the World Oil Production scenarios for the next decades to come.

What about 2030? 2050? 2100?
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Oil, Energy and Global Economy
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World GDP PPP ($2025) vs Oil Production (1)
A good correlation, with impacts of external events

Source: Ch.Guéritte/Data from World Bank July 2026, Maddison, EI Stat.Review 2026 

Oil includes condensates, NGL, Tight Oil, Shale Oil, Xtra heavy Oil

GDP expressed in PPP, constant money US$ 2025, using US CPI

World GDP PPP (T$2025)
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Oil crisis
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Average Oil Intensity:

From 1950 to 1979: 0,057 toe/k$2025

From 1985 to 2005: 0,044 toe/k$2025

From 2009 to 2019: 0,029 toe/k$2025

From 2020 to 2025: 0,024 toe/k$2025

1975

2024
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From 2020 to 2025: 0,024 toe/k$2025
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30%

23%

27%

5%
2%

9%
1%4%

* out of which electricity generation # 6,2 Gtoe # 29 700TWh (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

39%

16%
11%

21%

4%
8% 1%

38%

28%

28%

6%
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How to explain the difference between 15,6 & 10,8 Gtoe? 

To produce final end-used Energy products, it is 

necessary to transform them.

1) Oil products are fabricated from crude Oil in 

refineries where industrial processes generate 

losses.

2) Electricity is an important part of final 

consumption. Electricity is not a primary Energy, 

it must be produced through thermal or nuclear 

Power Plants, renawable energies which have 

each a limited Efficiency ratio.

3) Other type of losses exist in transmission & 

distribution systems.

Losses in Power Plants   # 3750 Mtoe

Other losses                     # 1050 Mtoe

Total losses                      # 4800 Mtoe

Source: Data from IEA WEO 2023. 1TJ = 0,2778 GWh = 23,88 toe

For the conversion from Final Energy to Primary Energy, international standards are used for Plants Energy Efficiency 

Electricity generation 2024 by fuel Equivalent Primary Energy

Mtoe TWh EJ Mtoe TWh Conv. Coeff.

Oil 65 757 2% 3 197 2294 33%

Gas 583 6785 22% 24 1576 18338 37%

Coal 928 10798 35% 39 2813 32721 33%

Nuclear 244 2835 9% 10 739 8591 33%

Hydro 382 4448 14% 16 382 4448 100%

Bioenergy 65 760 2% 3 251 2923 26%

Solar PV 178 2073 7% 7 178 2073 100%

Solar CSP 2 20 0% 0 2 20 100%

Wind 218 2533 8% 9 218 2533 100%

Geothermal 9 100 0% 0 86 1000 10%

Marine 0 1 0% 0 0 1 100%

Renewables 406 4727 15% 17 484 5627 84%

Total 2675 31110 100% 112 6443 74942 42%
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OPEC

Others outside OPEC

Former Soviet Union

 OECD

History of Oil/Liquids Production from 1965 to 2025
A constant growth – Covid impact in 2020 – Rebound thereafter 

Growing OPEC contribution

Dismantlment  of ex-USSR

Decline of OECD 

production
Emergenge and increase  

of US Tight Oils production

(Mb/d)

Source: Ch.Guéritte/Data from  EI Stat. Review 2026. 

Includes crude oil, condensates, NGLs, shale oil, tar sands. Excludes Biofuels

Impact of Covid-19

First Oil Shock

Second Oil Shock
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In the recent past, Oil growth was coming from OECD, namely US (LTO), decline in 
2016, rebound in 2017, sharp increase in 2018, +1,7 Mb/d in 2019 – Decline in 2020 

(Covid) for all regions- Rebound thereafter - OPEC still “Swing Producer” 

Annual changes in Oil Production (All Liquids) from 1990 to 2025 – (Mb/d)

OECD Former USSR
Others outside   

OPEC

OPEC

« Swing Producer »

In the past, OPEC was the Regulator of the World Oil System and still is

LTO production in the US has now a major impact 

1991……2005……2010…….2015…….  2025

Source: Ch.Guéritte/Data from EI Stat. Review 2026

LTO: Light Tight Oil

1991……2005……2010…….2015… 2025 1991……2005……2010…….2015…….2025 1991……2005……2010…….2015…….2025
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Impact of Shale Oil Production
A Game Changer

During the past decades, OPEC was the World Oil market 

« Swing Producer »

The Shale Oil, Light Tight Oil (LTO) Producers in the US 

did create a new balance.

In 2025, US is by far the 1st Oil Producer in the World
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Investments
(Figures & estimates vary according to sources)

See also Book 2 Energy – Chapter 15
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Others : transport, marketing(estimates)

Petrochemical

Refining

Exploration/Production

Source : IFP et divers

As from  2002, China and Russia included

0

100 

200 

300 

400 

500 

600 

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

G$

Reminder: Oil Industry Global World Investment 1970-2010
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Oil & Gas Upstream Capex 2016 – 2026e (G$) 
After a high in 2014, a decline. A lowest in 2020 (Covid). A rebound thereafter

Source: IEA World Energy Investment 2026 
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Oil & Gas Upstream Capex 2014 – 2025 (G$) 
After a high in 2014, a decline. A lowest in 2020 (Covid). A rebound thereafter

Source: IEA Oil 2025 - Analysis and forecasts to 2030 
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Oil & Gas Upstream Capex 2015 – 2025 (G$) 
Increased Capex from Middle East & Asia NOC’s

Source: IEA Oil 2025 - Analysis and forecasts to 2030

NOC: National Oil Companies 
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Oil Upstream Capex 2010 - 2024 
Rystad 2024

Source: Rystad Energy 2024 
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Oil Upstream Capex 2010 - 2024 
by International Energy Forum (IEF) 2024

Source: Rystad Energy 2024 
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Oil & Gas Industry
Upstream, Downstream Activities
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Liquids, Oil & Oil products: various categories
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Downstream Fundamentals – An Integrated Value Chain

Propane / Butane

Transport fuels, 

gasoline, diesel, jet

Lubricants

Domestic fuel

Heavy Fuel

Bitumen

Naphta

Gas

Oil & Gas Production

Steam cracker

Ethane cracker

Ethylene

Propylene

Butadiene

Aromatics

Benzene

Xylenes

Toluene
Refining

Transforming crude oil 

into oil products

Petrochemicals

Cracking molecules into chemical products

Oil

Trading

Linking production to transformation 

sites and supplying clients

Marketing

Bringing oil products to end customers

Plastics

Specialties

Oil products
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A reminder: From crude to oil products
Basic process scheme
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A reminder: From energy sources to 
petrochemicals  products: Basic process scheme
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Oil Transportation
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Global Oil Flow Trends (2000)
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Global Oil Flow Trends (2030)
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Fifteen first Countries by Oil Exports Values - 2024 (G$)
Total World Exports Values # 1300 G$

(G$)

OPEC Members
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A particular Case: Thanks to Light Tight Oil and Shale Gas, US are now 
Net Exporter of HC - Reminder: A 2017 view by IEA

Source: IEA WEO 2017
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Oil Business and Geopolitics:
Close links
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Oil major geopolitical hot points

Source: Global Voice of Gas IGU May 2024
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Oil major geopolitical hot points
Situation 2013

Source: US EIA
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Oil major geopolitical hot points
Situation 2024 (Figures in Mb/d)
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Strait of Hormuz Exports & Imports
Situation 2024

Source: IEA WEO 2024
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Reminder: 2017 - Tensions in the Middle East…..

Courrier International 15 juin 2017 Courrier International  16 novembre 2017
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Oil Price

2018 A new Geopolitical Impact
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June 2019 - Tensions in the Middle East  
Oman Sea

Source: News Agency -  ISNA/AP
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2022 – Russia/Ukraine War   
Major Impact on World Economy and Energy Markets

Source: Harvard University – International Monetary Fund
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June 2025/Israel – Iran – US war - Threats on Hormuz strait
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March 2026/Israel – Iran – US war - Threats on Hormuz strait

Téhéran – 1st March 2026
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March 2026/Israel – Iran – US war - Threats on Hormuz strait

Source – IEA March 2026
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March 2026/Israel – Iran – US war - Threats on Hormuz strait
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March 2026/Israel – Iran – US war - Threats on Hormuz strait

Source – IEA March 2026
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March 2026/Israel – Iran – US war - Threats on Hormuz strait

Source – IEA March 2026
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March 2026/Israel – Iran – US war - Threats on Hormuz strait

Source – IEA March 2026
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Global Oil Supply & Prices - IEA view May 2026

Source – IEA Oil Market Report 13 May 2026
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Resources and Reserves

2
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Oil: the physical regulator of the World 
Energy System … up to now.

Basic points:

◆ Oil = a key element of world trade balances

◆ For the last 50 years oil has regulated the variation of world energy demand

◆ OPEC has been the « regulator of the regulator »

◆ Saudi Arabia has been the « regulator of OPEC »

◆ Ghawar has been the « regulator of Saudi Oil »

◆ What about the future ? The Peak Oil issue and Cimate Change Challenges
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Some definitions (1)

 Categories of petroleum Reserves and Resources (SPE)

Source: SPE 2011



Christian Guéritte Book 4 - Oil

Reserves – Booking categories
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Some definitions (2)
Proven Reserves

At Companies’ level:

➢ Reserves: an economic concept, evaluated at a given crude oil 

price.

➢ Strict definition imposed by SEC (Securities Exchange 

Commission). SEC needs audits. SEC forbids to report Probable.

➢ The only criteria developped in international oil companies 

financial accounts.

➢ Some « political » aspects in the Proven Reserves figures from 

OPEC National Companies. OPEC doesn’t need audit.

In Publications referred to below:

➢ Those quantities that can be recovered with reasonable certainty 

from know reservoirs under current economic and operating 

conditions. Do not necessarily correspond to criterias and 

guidelines at Companies’ level which are more restrictive.

➢ Different estimates from different entities!

 Nota: It is incorrect to add Proven Reserves at Country level
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Some definitions (3)
Proven Reserves

Nota: It is incorrect to add Proven Reserves at Country level
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Some definitions (4)

    Conventional and unconventional Resources (SPE)

Source: SPE 2011

Nota: Contrary to SPE, IEA includes LTO in unconventional

Oil sands/bitumen

Oil shales/kerogen
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Some definitions (5)

    Clasification of Reserves & Resources (NPD)

Source: Norwegian Petroleum Directorate - NPD
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Some definitions (5)
 Improved Oil Recovery (IOR) and Enhanced Oil Recovery (EOR)
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From Oil In Place to Reserves
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767676

Courtesy J. Pouzet
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Warning:
Reserves & Resources estimates vary 

according to categorizations selected by the 
various sources.

In the following, Resources are defined either 
by 2P (Proven + Probable) estimates or by 

Commercial 2P (Proven + Probable) + 
Technical 2C (Contingent) estimates  
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R/P (5) = 40/50 

R/P (5) = 100

     (˂ 130 $/kgU)

Reminder - World Resources (Gtoe) – Vision 01/01/2019

(Gtoe)
(1) Quantities which can be recovered for less than 80 $/kgU

(2) Quantities which can be recovered for less than 130 $/kgU

(3) Present technology (Pressurised Water Reactor) . 1tU # 10 000 toe

(4) 1 tce # 0,65 toe, 1tc # 0,5 toe  

(5) R/P : Reserves/Production ratio

(6) Non Conventional: Extra HO+Bitum.+Tight Oil+Oil shales

(7) Non Conventional: Shale & tight gas+CBM, excl. hydrates

140
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Recovery
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200
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2600

500/

700

Natural Gas   Non Convent.
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190
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Source: Total, WCA, CEA, BP                                Nota: Oil Proven Reserves BP end 2018= 1730 Gb # 240 Gt, R/P # 50 
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Liquids Hydrocarbons
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80

140
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R/P varies vs sources. Not at scale
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World fossile energies Proven Reserves (Gtoe)
By geographical areas # 930 Gtoe End 2020

Source: Data from  BP Stat. Review 2022/No update end 2021
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NB from BP: 

For the 2017 edition of the BP Statistical Review of World Energy, we changed 
sources. We switched the Chinese coal reserve data previously sourced from 
World Energy Council – (WEC) to national data from Ministry of Land and 
Resources from 2007 onwards. Other countries coal reserves are now sourced 
from BGR Federal Institute for Geoscience and Natural Resources (BGR) 
Energy Study 2016 and later.

Additional comment:  Coal reserves estimates for China have been drastically 

decreased by # 40% at end 2017 compared to end 2016.

BP so-called « Proven Reserves » should be better qualified as « Proven + 

Probable Reserves » 

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 HC reserves is no longer published. 

The last figures are those at 31/12/2020 
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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
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World Oil & Gas Resources at 01/01/2023 by TotalEnergies – Different classification

Source: TotalEnergies E&P Data Book 2023
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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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R/P Ratio depends upon the different 
categorization of reserves and resources, and 

varies according to sources 
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Fossil Fuel Reserves-to-Production at end 2015 & 
end 2020  (R/P) ratios - BP vision  (Years)

Source: BP Statistical  Review  2021

End 2020 R/P (Years)

   53   49   139
Source:   BP Statistical 

Review 2021     



88 TPA Toolbox Energy Book 4 - Oil

Oil R/P (« Proved Reserves ») Ratio by Regions

Source: BP Statistical  Review  2021

Oil R/P World # 53 years
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Oil R/P (« Proved Reserves ») Ratio by Sources

Source: Jean Laherrère September 2022
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Recovery Factors
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Recovery Factors Oil – A large cloud of values
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Recovery Factors Gas – A large cloud of values
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Oil Reserves and Resources end 2024 IEA (Gb)
(Consensus on proven reserves, different opinions on additional resources)

Source: IEA WEO 2025

Note: EHOB: Extra Heavy Oil & Bitumen
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IEA WEO 2025:

Proven Reserves end 2024: 1756 Gb

Remaining Resources at end 2024:

Conventional           :  2042 Gb

Tight Oil                    :   549 Gb

NGL                           :   636 Gb

EHOB                        :  1862 Gb

Kerogen Oil              :  1073 Gb 

Total                          #  6161 Gb 

Conventional and Unconventional Oil Resources End 2024 (Gb)

Source: IEA WEO 2024

EHOB: Extra Heavy Oil and Bitumen
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History of Proven Reserves estimates 
1980 – 2020: A regular growth till 2010, then stabilisation

(Mb)

Source: Data from BP Stat. Review 2021
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Source: Data from BP Statist. Review  2021

Includes canadian oil sands # 161 billion 

barrels in 2020,169 in 2010

Includes Venezuela heavy oil # 262 billion 
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# 50% of Proven Reserves in the Middle East

# 80% in the Middle East, Venezuela, Canada, 
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World Oil Proven Reserves  2010 - 2020

At end 2010

# 1 640 billion barrels
N°1 Venezuela N°2 Saudi Arabia

At end 2020:

# 1 730 billion barrels
N°1 Venezuela N°2 Saudi Arabia

Source: Data from BP Statistical Review  2021 shares in barrels Nota: Includes 423 Gb of Xtra heavy oil and tar sands
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World Leaders in Proven Oil Reserves (End 2020)

Source: VisualizingEnergy 2023
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Access to World Oil Resources (End 2018)
Reminder - A View by Total

Source: Total July 2019 & WMK

Include  Commercial Reserves (2P) and Contingent Resources  
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A few ‘peak oil’ websites

3w.peakoil.net

3w.aspofrance.org

3w.oilcrisis.com

3w.peakoil.com

ASPO France members

(June 2006):

Jean Laherrère (formerly Total)

Pierre-René Bauquis (fy Total)

Carlos Cramez (fy Total)

Jean-Luc Wingert

Xavier Chavannes (Paris VII) 

Jean-Marc Jancovici (fy Envt)

Alain Perrodon (fy Elf)

Paul Alba (fy Elf)

Maurice Allègre (fy IFP)

Jacques Varet (BRGM)

Adolphe Nicolas (Montpellier Uni)

Jean-Marie Bourdaire (ex Total)

Bernard Rogeaux (EDF)

Are we here ?

2000 – 2007 : a historical warning by ASPO
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The Peak Oil in 2018?

Source: Michel Lepetit/The Shift Project February 2023
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The Peak Oil in 2018? But Oil Production is still growing!

Source: US EIA 2025
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Reserves estimates
A difficult assessment 
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Brief summary of past findings and views

◆ The only "publically available data" on Oil Reserves are the so 

called “Proven Reserves".

◆ Unfortunately, they are useless to study and predict "Peak Oil".

◆ The only "usable" concepts for "peak oil estimation", at oil 

basins levels, countries levels or world level are :

◼ Ultimate reserves concept

◼ Evolution of past exploration performances (creaming curves) and 

production curves (logistic curves)

◼ King Hubbert methodology (world applicability)
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Remaining Reserves: a difficult assessment
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Remaining Reserves: a difficult assessment 
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All Liquids

Ultimate: 4000 Gb

Will never be produced 

Remaining Reserves (All Liquids) : a difficult assessment
Analysis based upon Hubbert Linearization (HL) - Gb

Source: Jean Laherrère (ASPO) April 2024
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Crude Oil

Ultimate: 2800 Gb

Will never be produced 

Remaining Reserves (Crude Oil) : a difficult assessment
Analysis based upon Hubbert Linearization (HL) - Gb

Source: Jean Laherrère (ASPO) April 2024
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Crude Oil

Ultimate: 390 Gt # 2800 Gb

Will never be produced 

Remaining Reserves (Crude Oil) : a difficult assessment
Analysis based upon Hubbert Linearization (HL) - Gt

Source: Jean Laherrère (ASPO) March 2026
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Liquids/Oil Production and forecasts & Ultimates (Data: US EIA)
Analysis based upon Hubbert Linearization (HL) - Gb

Source: Jean Laherrère (ASPO) April 2024
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Oil Production and forecasts & Ultimates
Analysis based upon Hubbert Linearization (HL) - Mt

Source: Jean Laherrère (ASPO) March 2026
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Remaining Reserves: a difficult assessment 

Source: Jean Laherrère April 2023
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HC « Proven Reserves » have drastically increased during the 

last 50 years, the R/P ratio not in the same proportions.

Oil world reserves

Gas world reserves

1973

Years of

production
Gtoe

Years of

production
Gtoe

2024

86

52

30

48

241

193

48

52

Proven Reserves end of year
Proven Reserves depend upon the economic environment

Source:  Figures 1973 BP Stat. Rev. No update end 2022

               Figures 2024: IEA WEO 2025 

 1 toe # 7,3 boe - 1000 m3 Gas # 0,9 toe 
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Between 1973 and 2024, ultimate Reserve estimates (Resources) for conventional oil

have practically remained flat, taking into account the degree of uncertainty.The current 

impact of unconventional oil  will be major but depends upon the economic environment, 

oil prices and production costs

G barrels

Gt

1973
Ultimate reserves 

(conventional crude, 

worldwide) 

2000 - 3000

270 - 400

# 2100

# 290

2024

But a closer look at ultimate Reserves/Resources (for 
conventional Oil) suggests a different picture: Period 1973-2024

Source: P.R. Bauquis /Global Foundation
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The Impact of Unconventional 
Hydrocarbons

Additional potential resources
(See BOOK 6)

3
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History of Discoveries

4
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The time of very large discoveries is over
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History of Hydrocarbon Discoveries  (proved and probable) and Production

Period 1920 - 2010

• World demand reaches # 50 Gboe per year

• World discoveries flat since 1996 at 20 Gboe

per year (excluding the nugget effect).

• 10 Gb oil and 10 Gboe gas

• 8 Gboe discovered by NOC

• 10 Gboe discovered by IOC

• 2 Gboe discovered by others

• size of average discovery : constant since 1980
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History of Oil Discoveries (proved and probable) and Production 
1920 - 2005
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Conventional and Shale/Tight Oil Discoveries by Regions
A sharp decline of discovered Resources with a high contribution of Shale/Tight Oil in the US

   

Source: IEA Oil 2025 – Analysis and forecasts to 2030 
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2025 Exploration – New major conventional Discoveries
# 10 Gboe (50% Oil, 50% Gas)

Source: Marc Blaizot – ASPO February 2026
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2025 Exploration – A low levels of discovered quantities

Source: Marc Blaizot – ASPO February 2026
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2025 Exploration – A low levels of discovered quantities

Source: Marc Blaizot – ASPO February 2026
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2025 Exploration – Other Exploration activities 

Source: Marc Blaizot – ASPO February 2026
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Oil Discoveries and Production
In 2020: Oil Discoveries = 5 Gb/year, 20% of

Crude Oil Production = 30 Gb/year

Source: Jean Laherrère April 2024
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2018 - 2024 Oil & Gas Discoveries by Categories

Record-low Discoveries in 2024   

Source: Rystad Energy 2025
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2012 - 2022 Oil & Gas Discoveries by Categories

   

Source: TotalEnergies E&P Data Book 2023
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2012 - 2022 Liquids Discoveries by Regions

   

Source: TotalEnergies E&P Data Book 2023
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2012 – 2022 Gas Discoveries by Regions

   

Source: TotalEnergies E&P Data Book 2023
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2022 Oil & Gas Discoveries by Regions and Operators

   

Source: TotalEnergies E&P Data Book 2023
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Production Profiles, Various Scenarios, 
Peak OIl

5
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Various World all Liquids profile forecasts

Source: Jean Laherrère ASPO - January 2025
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Developing Oil Production forecasts is not an easy task!

Source: Jean Laherrère ASPO - March 2024
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Peak Oil or not Peak Oil?

➢ Oil & Gas are finite resources, the size of discoveries are decreasing over time, the time of easy 

oil is over. 

➢ It is therefore anticipated that the world oil and gas production profiles will reach a maximum 

and then decline. 

➢ During the last decades, large debates have emerged regarding the occurrence of a peak oil, 

with different opinions from companies, geologists, technical experts,…….For conventional Oil, 

Peak Oil has been reached in 1970 in the US…….World Peak Oil in 2018?

➢ The questions addresses the evolution of the demand, the level of technical and commercial 

remaining resources, the amounts of new investments, the influence of geopolitical aspects, 

together with the new constraints related to Climate Change and Energy transition.

➢ The development of unconventional hydrocarbons generates additional potential resources, with 

additional potential production, depending upon economic viability. But these developments will 

be also constrained by the growth of CO2 emissions and the Climate Change challenges. 

➢ So, a peak oil? More probably, an ondulating production plateau. Start-up of decline: 2026-2027, 

later? Depends upon the evolution of the Energy mix constrained by the Climate Change.
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1 – Key considerations about Peak Oil impact

◆ Oil and gas will still be produced until the end of the 21st century, very likely at lower 

levels of production than today. The challenges characterizing the CO2 emissions 

growth and the climate change major problem will have an impact on the oil demand 

and the management of oil production.

◆ When the world oil production will reach the “peak” or most probably a “plateau”, 

radical changes will occur.

◆ The oil and gas industries environment will probably be characterized by prices 

evolution with less political interference in those prices. Renewable Energy will take a 

more prominent share.

◆ After the oil peak or plateau, oil and gas prices will see a change of logic: they will 

become related to those of their substitutes (reversal from the past).

◆ GHG emissions and remaining “carbon budget” will play an important role.

◆ As soon as world oil production starts declining, OPEC will lose its price-policing role.

◆ And Oil & Gas future productions will continue to be subject to geopolitical turmoils.

◆ The Energy Transition prospects are subject to recent US Trump Administration which 

is promoting a new strong development of hydrocarbons sector (Drill, baby, drill!) 



145 TPA Toolbox Energy Book 4 - Oil

2 – Key considerations about Peak Oil impact

◆ Many challenges will have an impact: the development of light Tight Oil, 

Shale Oil in the US, the consequences of crude oil prices fluctuations, the 

political attitude of OPEC members regarding the control of the market, the 

control of CO2 emissions and the management of climate change evolution, 

involving the development of renewable energy……

◆ The Covid-19 sanitary crisis has generated important consequences on the 

Hydrocarbons business in 2021, 2022 and later, together with the Russia-

Ukraine war in 2022, and more recently beginning 2026 the US-Iran war.

◆ Nevertheless, putting aside the current geopolitical situation, the whole 21st 

century could be a dynamic age for energy companies, for the service 

companies and contractors, which have to strongly adapt themselves to the 

energy transition and to an uncertain environment.

◆ Il could also be a golden age for renewable energy and nuclear energy 

subject to good economic decisions and to a top level management  & 

control, in relation to safety issues.

◆ Societal and environmental aspects will remain more and more important, as 

part of the decision making processes.
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Reminder: Oil/Liquids Production 
IEA 2022 Scenarios

Source: IEA WEO 2022
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World Oil Demand Growth by Sector by IEA 2026
Oil Demand Growth is declining

Source: IEA Global Energy Review 2926 
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World Oil Demand change by Region by IEA 2026
Decline in EU, Japan & Korea

Source: IEA Global Energy Review 2026 
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World Oil Demand dominated by Petrochemicals 
IEA 2025 Forecasts – A plateau at 105 Mb/d as from 2027?

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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World Oil Demand by Region 
IEA 2025 Forecasts – A stabilization as from 2026/2027?

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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World Oil Demand by Product
IEA 2025 Forecasts – A stabilization as from 2026/2027?

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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Oil Demand changes 2024 – 2030/IEA 2025
Increase for LPG, Naphta, Kero – Decrease for Gasoline, Fuel Oil

Source: IEA Oil 2025 – Analysis & forecast to 2030 



153 TPA Toolbox Energy Book 4 - Oil

World Oil Supply by Region
IEA 2025 Forecasts – A stabilization as from 2026/2027?

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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World Oil Supply OPEC+ & Non-OPEC
IEA 2025 Forecasts – Important decrease of OPEC+ market share

Source: IEA Oil 2025 – Analysis & forecast to 2030 



155 TPA Toolbox Energy Book 4 - Oil

World Oil Supply – Two examples: Russia & Iran

Source: IEA Oil 2025 – Analysis & forecast to 2030 



156 TPA Toolbox Energy Book 4 - Oil

US Oil Supply – Moderate growth…..

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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Oil & Refined Products Demand - IEA 2025 Forecasts 

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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Oil Products Demand 2024/2030 - IEA 2025 Forecasts 

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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Crude Oil Exports flows 2020 - 2030 - IEA 2025 Forecasts 

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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Major Refined Products Exporters 2020 - 2030 - IEA 2025 

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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NGLs include Ethane, Propane, Butane, Pentane+ 

Global NGL output 2012 – 2030. US n°1
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LPGs include Propane & Butane 

Global LPG Supply & Demand 2022 - 2030. A regular growth
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Global Biofuels Supply 2022 - 2030. A regular growth

Source: IEA Oil 2025 – Analysis & forecast to 2030 
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Characteristics of Oil & Gas Projects
and New Challenges

➢ Projects are becoming more and more complex.

➢ There is a need for improved access, large-scale investments and advanced

technology.

➢ National companies (NOC) are more aggressive.

➢ There is a growing importance of Company Social Responsibility (CSR) requirements.

➢ Oil and gas resources require higher capital expenditures to be brought on stream.

Spendings are correlated to Oil Price evolution: 400 G$ spent in 2010 for worldwide

E&P, # 650 G$ in 2014 (+5% vs 2013), Capex down to 380 G$ in 2016 & 2017, 400 G$ in

2018. Spendings < 400 G$ in 2020, 2021 and 2022. Rebound in 2023. # 550 G$ in 2025.

➢ Climate change issue and people acceptability strongly challenge Oil & Gas sector and

Hydrocarbons production.

➢ Geopolitical turmoils in the World together with the new US Administration promoting

the hydrocarbons industry will continue to affect the Oil & Gas Business.
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Oil production and consumption: 
past and present
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Warning: Be careful, « Oil Production » may have different 
definitions  

Liquids Production includes Crude Oil Production plus 
Condensates and NGL’s Production deriving from Natural Gas 

Production
Example: Year 2025 

Products Mb/d

Crude Oil* + 

Condensates

85,8 (85%)

NGL’s + others 14,8 (15%)

Total Liquids 100,6 (100%) 

• Includes Conventional Crude Oil + Shale/Tight Oil + Xtra Heavy Oil + Bitumen

Source: EI Stat. Review of World Energy 2026
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History of World Petroleum Liquids profiles (ASPO data) (EJ)

Source: Jean Laherrère January 2025
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History of World Crude Oil Production 2000 – 2025
As from 2020, strong impact of Unconventional Crude Oil

Source: Michel Lepetit/The Shift Project 2025
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History of US Crude Oil Production
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A Zoom on ex-USSR and Russia Production 1973 - 2022 
with geopolitical implications

Source: Michel Lepetit/The Shift Project February 2023
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Non-OECD

 OECD

History of Oil Production (All Liquids) from 1965 to 2025
A constant Growth – Covid impact in 2020 – Rebound thereafter 

Growing Non-OECD Production

(Mb/d)

Impact of Covid-19

First Oil Shock

Second Oil Shock

Source: Ch.Guéritte/Data from  EI Stat. Review 2026. 

Includes crude oil, condensates, NGLs, shale oil, tar sands. Excludes Biofuels

Decline of North Sea Oil
US Tight Oil Production
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World Oil Production (All liquids) 2015 - 2025

2015

# 92 Million b/d
N°1 US, N°2 Saudi Arabia

2025

# 101 Million b/d
N°1 US, N°2 Saudi Arabia

Source: Data from EI Stat. Review  2026 shares in barrels. Includes crude oil,  shale oil, oil 

sands, condensates, NGLs. Excludes Biofuels

Note: Differences between consumption and

production are due to stocks changes, consumption of substitute fuels,…
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Non-OECD

OECD

History of Oil Consumption (All Liquids) from 1965 to 2025
A constant Growth – Covid impact in 2020 – Rebound thereafter 

Growing Non-OECD Consumption

(Mb/d)

Source: Data from  EI Stat. Review 2026. Includes inland demand, 

international aviation, marine bunkers, refinery losses, derivatives coal 

& gas. Excludes Biofuels

Impact of Covid-19

First Oil Shock

Second Oil Shock
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World Oil Consumption (All liquids) 2015 – 2025

2015

# 93 Million b/d
N°1 US, N°2 China

2025

# 103 Million b/d
N°1 US, N°2 China

Differences between consumption and

production are due to stocks changes, consumption of substitute fuels,…
Source: Data from  EI Stat. Review 2026. Includes inland demand, 

international aviation, marine bunkers, refinery losses, derivatives 

coal & gas. Excludes Biofuels
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Main Oil Producing and Consuming Countries
All liquids (Excludes Biofuels) - Year 2025 (Mt)

(Mt) (Mt)

Total World # 4 700 Mt

Production
N°1 US, N°2 Saudi Arabia

Consumption
N°1 USA, N°2 China

Total World # 4 700 Mt

Source: Data from EI Stat. Review 2026 - Ranking according to 

quantities in Mt
Note: Differences between consumption and

production are due to stocks changes, 

consumption of substitute fuels….

Ranking is slightly 

different in barrel and 

tonnes due to different 

density of crude oil
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Main Oil Producing and Consuming Countries
All liquids (Excludes Biofuels) - Year 2025 (Mb/d)

(Mb/d) (Mb/d)

Total World # 101 Mb/d

Production
N°1 US, N°2 Saudi Arabia

Consumption
N°1 USA, N°2 China

Total World # 103 Mb/d

Source: Data from EI Stat. Review 2026 ranking according to 

quantities in Mb/d

Note: Differences between consumption and

production are due to stocks changes, 

consumption of substitute fuels….

Ranking is slightly 

different in barrel and 

tonnes due to different 

density of crude oil
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Reminder - Impact of Covid-19 on Oil Demand & Supply
Year 2020 by IEA 2020  

Source: IEA WEO 2020
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Major Oil Trade Movements - 2025

Source: EI Stat. Review 2026
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Oil – Trade Movements 2025 (Mt)

Source: EI Statistical  Review of World Energy 2026
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Major Refined Products Trade Movements - 2025

Source: EI Stat. Review 2026
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Major Refined Products Trade Movements – 2025 (Mt)

Source: EI Stat. Review 2026
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Various qualities of Oil
Carbon Intensity of Oil Production - 2019

Source: Rystad Energy
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Oil production and consumption: 
various perspectives
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OIL DEMAND and PRODUCTION 

PERSPECTIVES

Different sources, slight different visions
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Preliminary remark:
In the following, the scenarios from the various organizations 
have been established taking into account the 2020 Covid-19 
sanitary crisis as well as the Ukraine/Russia war economic 

consequences.
They might be adjusted later.

A number of these scenarios are not compatible with the 
objectives of Carbon Emissions reductions during the next 

decades to cope with the 1,5°C maximum increase of 
temperature in 2100. 

Due to the Energy Transition process & the Climate Change 
challenges, new Oil Production/Demand perpectives will be 

dramatically different from previons expectations
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One Scenario for Oil Production Perspectives 2000 – 2050 (Perrodon/Bauquis)

A 2015 Vision - Impact of Unconventional Oil (including NGLs)

Source: Alain Perrodon et Pierre Bauquis, 20 novembre 2015

Assumptions for Crude Oil Price: 100$/b in 2012, 70$/b in 2020, 120$/b in 2030, 150 $/b in 2050 (cst 2015)  

(Conventional Oil)

(Xtra  heavy Oil & Oil Sands)

(Light Tight Oil and Shale Oil)
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Pétroles  conventionnel onshore

Offshore conventionnel (< 500 m d’eau)

Deep offshore & ultra deep offshore

One Scenario for Oil Production Perspectives 2000 – 2050. A 2015 – 2018 Vision

Impact of Unconventional Oil (including NGLs) & split onshore, conventionnal 

offshore, deep & ultra-deep offshore

Source: P.R. Bauquis et A. Perrodon  2015/18

(Conventional Oil)

Total Rupture+ Scenario

# 25 Mb/d in 2050!

# IEA NZE Scenario

Achievable ???
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TotalEnergies Scenarios
(See Book 2 Energy -  Chapter 7)
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IEA WEO 2025 Scenarios
See BOOK 2 Energy – Chapter 7
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Reminder: Oil/Liquids Production 
IEA 2022 Scenarios

Source: IEA WEO 2022
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World Liquids Demand (Mb/d) 
IEA WEO 2025 Scenarios

Source: IEA WEO 2025
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Oil Demand (Mb/d) 
IEA WEO 2025 Scenarios

Source: IEA WEO 2025
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Oil Production (Mb/d) 
IEA WEO 2025 Scenarios

Source: IEA WEO 2025
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Fossil Fuel Demand by Regions  
IEA WEO 2025 Scenarios

Source: IEA WEO 2025

CPS Scenario STEPS Scenario
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Oil Demand by Sectors & Regions  
IEA WEO 2025 Scenarios

Source: IEA WEO 2025

CPS Scenario STEPS Scenario
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Reminder: Forecasts vs Facts
Worldwide outlook for oil supply/ demand 

(IEA Reference Scenario 2007: A constant growth until 2030 – A vision reviewed  later !)

Source : World Energy Outlook 2007

2005 2010* 2020 2030

World demand
OECD

FSU/ Central & Eastern Europe

Rest of world

Variation in stocks

World supply
OECD

FSU/ Central & Eastern Europe

Rest of world (excl. OPEC Middle East)

OPEC Middle East

Gains in refining

Non conventional oil (incl. GTL)

Million barrels per day

77.0
 46.0

4.2

23.2

3.6

76.8
21.8

8.3

22.4

21.3

1.7

1.3

91.1
49.0

4.7

33.7

3.7

91.1
18.7

14.0

26.4

27.5

2.0

2.5

98.5
50.8

5.1

38.7

3.9

98.5
 18.3

14.9

27.1

31.8

2.2

4.2

116.3
52.9

5.6

53.3

4.5

116.3
 18.3

17.2

24.7

45.0

2.6

8.5

* Has been affected by the  economic 

crisis:  # 87 Mb/d in 2010, 91 Mb/d in 2013
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Scenarios from others Organizations
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OPEC Scenarios
(See Book 2 Energy – Chapter 7
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BP Scenarios
See Book 2 Energy – Chapter 7
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ExxonMobil Scenarios
See Book 2 Energy – Chapter 7
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Shell Scenarios
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Oil Demand 2010 - 2050

Source: Shell The 2025 Energy Security Scenarios 
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The Shift Project Scenarios
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A Scenario for the Future (16 main Oil Suppliers)
The 2021 Vision of the Shift Project

Source: Rapport du Shift Project – Mai 2021
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Available resources vs CO2 emissions: 
the dilemma
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Some considerations about the Climate 
Change Problem

What does it mean for the Energy industries...
in terms of production of existing Reserves?
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Year 2024

Primary Energy Demand/Production = 15,6 Gtoe
Fossil Energy Demand/Production = 12,4 Gtoe
Hydrocarbons Demand/Production = 8,3 Gtoe

CO2 Emissions = 35,2 GtCO2

                  # 2,84 tCO2/toe Fossil  

Data from IEA WEO 2025
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       Maximum « Budget » Fossil Energy 
Production

(to cope with 1,5°C/2°C temperature increase)

 670 GtCO2 / 2,84 toe = 236 Gtoe

236 Gtoe/12,4 Gtoe = 19 years of production Fossil  
For 240 GtCO2 = 7 years of production Fossil

Nota: 670 GtCO2 corresponds to an average 1,5/2°C. An objective of 

1,5°C would correspond to 240 GtCO2 which would reduce 

considerably the Remaining Reserves to be reasonably produced. 
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         « Budget » Hydrocarbons Production,

assuming Coal is completely stopped as from to-
morrow and fully replaced by Natural Gas:

# 670 GtCO2 / 2,4 toe = 280 Gtoe

280 Gtoe/12,4 Gtoe = 23 years of production HC
For 240 GtCO2 = 8 years of production HC  

Nota: 670 GtCO2 corresponds to an average 1,5/2°C. An objective of 

1,5°C would correspond to 240 GtCO2 which would reduce 

considerably the Remaining Reserves to be reasonably produced. 
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                          It doesn’t match!

R/P Well defined Resources Oil : 40/50 years
R/P Well defined Resources Gas: 50/70 years

Consequence: A considerable quantity of already well 
defined Resources would not be produced or 

developed. Only the Resources with the lowest 
production/development and/or discovery cost would be 

eligible to supply energy……
…….unless Ocean and Biosphere absorb much more 

CO2 than expected, and unless CCS is extensively 
developed in many projects!
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In order to satisfy the 1,5°C maximum increase of 

Temperature, a considerable quantity of Fossil 

existing Reserves will never be produced

R/P: Reserves on Production Ratio (Years) based on Carbon Budget

FuelCI: Fuel Carbon Intensity (tCO2/toe)

Q: Consumption Fossil Fuel current year (Gtoe)

MCB: Maximum Remaining Carbon Budget (GtCO2)

%Fuel: Contribution of the Fuel in the Fossil Fuel Mix (Primary Energy)

R/P = (MCB/(%Coal*CoalCI+%Oil*OilCI+%Gas*GasCI))/Q
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In order to satisfy the 1,5°C maximum increase of 

Temperature, a considerable quantity of Fossil 

existing Reserves will never be produced

To cope with 1,5°C, Maximum Carbon Budget = 240 GtCO2 as from 2024.

Based upon the 2023 data, on the 2023 Energy Fossil Fuel mix (Coal, Oil and 

Gas), R/P = 6/7 years,

while most of the publications mention 50/60 years for Oil and Gas 

proven/probable reserves, more than 100 years for Coal.

If we assume that all Coal is replaced by Natural Gas as from now, R/P = 14 

years

Nota: The R/P ratio represents the number of years at future constant 

Production/Consumption. In reality, the production/consumption profile will 

decline regularly so that the actual period of production will be greater than 

the R/P ratio. Nevertheless, the R/P ratio is a pertinent indicator which clearly 

illustrates here the challenges for the Coal, Oil & Gas companies.
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The Hydrocarbon Industry Dilemma:
To cope with 1,5/2°C, a very substantial part of « Proven » Reserves will never be produced

Proven Reserves at end 2024 (IEA WEO 2025 est):

Coal            : 526 Gtoe # 1074 Gt

Gas             : 193 Gtoe #   225 T.m3

Oil               : 241 Gtoe # 1765 Gb

Total Fossil: 960 Gtoe 

(Gtoe)

« Budget CO2 » (GtCO2)

2,0°C

Source: Ch.Guéritte Data from IEA WEO 2025

Nota: Carbon Intensity in tCO2/toe –Average 2022-2050
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Stranded Reserves Volumes
The IEA view
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Producing all current existing Proven Reserves not compatible 
at all with the 1,5°C objective!

Source: IEA 2019: The Oil and Industry in the Energy Transition 
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To cope with the 1,5°C Objective, a very substantial part of existing reserves will not be 
produced…….

Unless CCS is extensively developed 

Source: IEA 2019: The Oil and Industry in the Energy Transition 
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Outstanding Challenges 
for the Energy World !
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Oil Upstream:
technical features and economics
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Fundamentals of Exploration/Production

◆ INTERNATIONAL  INDUSTRY – With the constraints linked to the Climate change and the huge development of 

Energy Transition projects, the Oil & Gas Industry is facing important difficulties in term of image and reputation.   

◆ RISKY ACTIVITY 

◼ In average, 1 exploration well out of 6 leads to a commercial discovery (Probability of success # 17%, depending upon 

continents, onshore, offshore. This success rate varies upon time.

◆ VERY CAPITAL INTENSIVE INDUSTRY

◼ More than 60% of investment in the whole hydrocarbon industry

◆ LONG TERM PROFITABILITY

◼ Several years between discovery and production

◼ Production profiles longer than 10/15 years

◆ POLITICAL IMPLICATION

◆ PRODUCTION COSTS DEPENDING ON LOCAL CONDITIONS

◼ Offshore/ onshore, geological, climate, depth of reservoir, size... 

◆ HIGH TECHNOLOGY

◼ 3D - 4D seismic, deep water drilling and production, horizontal drilling, slim hole drilling, multiphase transportation, heavy oil 

production and processing, shale gas....

◼ transportation, heavy oil production and processing, shale oil & shale gas....
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Risks in Exploration / Production

❑ International 

relationships
Country 

Risk
❑ Sovereign risk

❑ Political and fiscal 

stability

Economic risk

❑ Economic environment

❑ Investments and 

operating expenses

Partner risk

❑ Operator

❑ National company

❑ Technical and

financial scope 

G
L

O
B

A
L

 R
IS

K

Geological 

Risk

❑ 1 chance out of 6

❑ Oil/Gas in place

❑ Recovery rate

❑ Oil or gas - Quality
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The Main Steps for the « Modern » Oil Industry

➢ 1848: First oil well in Aspheron Peninsula – 

Baku/Azerbaïdjan

➢ 1859     :  First oil find in US by drilling – 

Titusville/Pennsylvania by Edwin Drake 

➢ 1920’s :  Rotary drilling, first electrical  well 

logging

➢ 1930’s  : Offshore drilling

➢ 1960’s  : Digital computing

➢ 1970’s  : Directional drilling

➢ 1980’s  : 3D seismic

➢ 1990’s  :  Horizontal drilling

➢ 2000’s  : Oil & gas shale production
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Decision to develop the field

Award of license

Abandon license

Beginning of production

1 to 4
years

3 to 6
years

9 to 15
years

build up platform decline

Land

Sea

% of total costs
Time (years)

Studies and negotiations
Geolog. & geophysical work
Wildcat wells
Appraisal drilling

Fixed platforms

Development wells 

Production equipement 

Off-take facilities

Production of the field

10 to 15%
3 to 10

40 to 50%
2 to 4

40 to 50%
15 to 25

Discovery

of new

fields

Install the equipment

necessary for

commercial production

Produce

the reserves

Objective

Phases Exploration Development Production

The phases of the Exploration and Production 
process
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Reservoir life
EXPLORATION

EXPLORATION

APPRAISAL

PRODUCTION

DECOMMISSIONING

DEVELOPMENT

DEVELOPMENT

25

Years

P
ro

d
u

c
ti

o
n

0 5 10 15 20
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Geophysics
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Geophysical works – Principle & Objectives (1)
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Geophysical works – Principle & Objectives (2)
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Geophysical works – Principle & Objectives (3)
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Geophysical works - Acquisition (1)
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Geophysical works - Acquisition (2)
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Geophysical works Data & Processing (1)
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Geophysical works Data & Processing (2)
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Geophysical works Data & Processing (3)
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Geophysical works - Interpretation
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Geophysical works - Costs
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Geophysical works
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Geophysical works
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Geophysical works & Energy Transition
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Geophysical works & CCS
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Geophysical & Energy Transition
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Geophysical works & Energy Transition
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Reservoir Modelling



250 TPA Toolbox Energy Book 4 - Oil

Pangea
A super computer for seismic data analysis 

and reservoir simulation



251 TPA Toolbox Energy Book 4 - Oil

Pangea
A super computer for seismic data analysis 

and reservoir simulation
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Massive computing in TotalEnergies
 Pangea 2

➢Located at Total E&P facilities at Pau (South-West of France)

➢High Performance Computing (HPC) methodologies

➢Power capacity: 6,7 petaflops

   (1 petaflop = 1015 Floating Operations per second)

➢Constructor: Silicon Graphics (SGI - ICE X)

➢220 000 Intel Xeon processors ( # 80 000 laptops)

➢Storage capacity: 26 petabytes ( # 6 millions DVD) 

➢200 km of fiber optic network

➢Electrical power needed: 4,5 MW
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Massive computing in TotalEnergies
Pangea III

➢Located at TotalEnergies facilities at Pau (South-West of France)

➢High Performance Computing (HPC) methodologies

➢Power capacity: 25 petaflops, the 5th biggest computer for petroleum 

industry (1 petaflop = 1015 Floating Operations per second)

➢Constructor: IBM

➢558 nodes – 3348 GPU (Nvidia V100) ( # 170 000 laptops)

➢Storage capacity: 55 petabytes ( # 13 millions DVD) 

➢200 km of of fiber optic network

➢Electrical power needed: 1,4 MW
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Massive computing necessary for Oil and Gas Industry but 
also for Energy Transition  
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Centre Scientifique et Technique Jean Feger (CSTJF)
TotalEnergies – Pau - France
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Drilling
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Well Design Characteristics
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1.Hoisting function

5.Rotary function

4.HP pumping function

6.Safety function 

     = the « BOPs »

3.Power generation 

function

2.Mud treatment function

and, qualified drilling Personnel !

The drilling unit (« the Rig »)
6 functions
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Monkey board

Mast

Traveling block

Hook

RT

Rig floor

27m

RT

B
O
P

Substructures

Crown block

Drawworks

Drilling line

Rotary Table

Swivel

Drill Pipe

Drill Collar

Bit

Power swivel  (or  Top drive)  or  

kelly + kelly bushing

Kelly

Rotary function

Pumping function

BOPs ( Blow out Preventer)

Safety function

Hoisting function

Rotary, pumping, hoisting and safety functions
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Mud treatment function

1. Poor boy degasser (by passed if no well control situation)

2. Shale Shaker for primary solids control 100 microns.

3. Vacuum Degasser

4. Desander for second phase solids control of cuttings 40 microns

5. Desilter for third phase solids control of cuttings 20 microns.

6. Mud Cleaner a combination of Desander/ Desilter

7. Centrifuge for the 2-7 microns fine solids separation.

Mud treatment function
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OFFSHORE SHORELINE RELIEF WELL

MULTIPLE ZONES

INACCESSIBLE SITE

Main applications

SIDETRACKING
(technical)

Directional Drilling
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Directional drilling

Computer technology

Measurement While 

Drilling

Directional Drilling:  the Tools
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Drilling Technique Features
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Well completion
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Well completion/Completion equipment

Well completion

Completion equipment
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Hazards in E&P: Blow-out

Texas 1901 Deep Water Horizon GOM 2010
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Key factors affecting drilling costs

l  onshore/offshore

l  climate conditions

l  access

l  maturity of the zone

Geographic area

l explo. / development

l depth

l technical characteristics 

(horizontal drilling - high 

energy well…)

Well type

l rig type

l support structure

l drilling time

Technical

data

Rig and 

support structure 

availability

Economic Data

l international

l local

Total Cost 

of the Well
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Water  depths 

Land  rig Barge

Compact 

rig

on platform

Tender

rig Jack Up
Semi-sub.

DP mode
Drillships

DP-mode

Semi-sub

(anchored)

RIG  TYPES

2 – 6m 20 – 150 m 80 – 1,500 m 500     – 3000 m

Drilling Operations and Offshore environment
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Drilling Rigs
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Dynamically positioned drillships
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Exploratory drilling
(Costs can substantially fluctuate depending upon economic 

environment)

Well cost in M$

2 2.5 3 3.5 4 4.5 5

Depth (thousand m)

Very easy conditions

(onshore) 

Easy conditions

(offshore)

Hostile environment

(jungle, rough sea...)

80

60

40

20

100 Very harsh conditions 

(mountains, deep 

offshore...)
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Development drilling

Exploration Development

20

30

40

50

60

days

step

Drilling time : 

0

10
learning curve

drilling

geology

tests

completion

abandonment



273 TPA Toolbox Energy Book 4 - Oil

Drilling Rigs  Day Rates vs Types
After higher rates before 2013, # 300000 $/d in 2022 for a drillship  
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Drilling Rigs Costs correlated with Crude 

Oil Price 
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Production/Construction
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Cost of fixed platforms
(Costs can substantially fluctuate depending upon economic environment)

1

10

100

1000

10000

0 50 100 150 200 250

NORTH SEA

Africa

Gulf 

Brazil
GULF OF MEXICO

4 to 10 wells

1 well

Arctic zone

Water depth [m]

[M$]
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Offshore production systems

Semi sub
FPSO

Jacket

Concrete

platform
Compliant

tower

Tension leg

platform S.P.A.R.

500 m

1000 m

1500 m

2000 m

Water 

depth



278 TPA Toolbox Energy Book 4 - Oil

Different types of platform

Compliant tower Tension Leg Platform
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Different types of platform/Floating unit

Concrete Platforms    Semi

Submersible

Floating Production

Storage Offloading

(FPSO)
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Technological progress in deep water Production

2007

2440 m

Shell

GREATWHITE
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Technological progress in deep water Production - 2019
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Drilling/Production Platforms
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Construction Jack-Up Barge
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Deep Offshore – Some Recent projects and Current Records
Objectives: Ultra-Deep Offshore: 3000-4000m

2008 - 2020

➢ Exploration Well: 3400 m – Raya 1 prospect/Uruguay Joint-venture 

Total/ExxonMobil Contractor: Maersk Drilling

➢ Exploration Wells:  3150-3175 m - India/ONGC Contractor: Transocean

➢ Subsea Installation: 2809 - 2934 m – Silvertip/Tobago - Gulf of 

Mexico/Shell

➢ FPSO: 2482 - 2692 m – Chinook & Cascade – Gulf of Mexico/Petrobras

➢ Spar: 2320 – 2450 m – Great White – Gulf of Mexico/Shell

➢ Appomatox Development : 2200m - Gulf of Mexico/Shell – TLP – Break-

even = 55 $/b

➢ Aconcagua Development: 2200 m – Gulf of Mexico/Total

➢ Camden Hills Development: 2200 m – Gulf of Mexico/Marathon
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0

1 5 10 15 20 25

Years

P
ro

d
u

c
ti

o
n

Production

Produce the reserves

Build up

Plateau

Enhanced recovery

Decline

15 to 25 years
40 to 50% of total expenses

OPEX
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Projects



287 TPA Toolbox Energy Book 4 - Oil

Tempa Rossa – Italy

287
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288

Tempa Rossa - Italy / Description

MARINE

TERMINAL

Matera
Potenza

Tarant

o

Metapont

o

GULF OF 

TARANTO

Existing pipeline

137 km - 20” 

Link to be built :

7 km - 20"

TEMPA ROSSA

OIL CENTRE

Storage 2 x 26 000 m3

Jetty to be extended 

2 Storage tanks to be built

(120 000 + 60 000 m3)

TARANTO 

REFINERY

VAL d’AGRI

OIL CENTRE

Production of heavy oil (average 17° API mini 12) from 5 

existing wells (to be recovered and re-completed) and 

drilling of 1 additional well + 2 new wells.

Gathering flowlines from well sites to Oil Centre
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FID 02/2021

Execution Ongoing

RFSU 25/11/2025

FID 02/2021

Execution Ongoing

RFSU 31/05/2025

FID 02/2021

Execution Ongoing

First oil 01/03/2026

CAPEX
4500 mUSD

TTE share

 56,7%

1500 mUSD

TTE share

56,7%

3800 mUSD

TTE share

62%

Uganda &

Tanzania

Plateau 190 kbopd, 
29 well pads, 420 
wells, single CPF

150 Mboe reserves 
to be developed

40 wells

1500km pipeline + 
pumping stations + 
terminal/tanks/jetty

Template Slides OneTech

Tilenga

Tilenga

Tilenga

Kingfisher

Kingfisher

Kingfisher

EACOP
EACOP EACOP

Major oil development in a sensitive social 

and environmental context

Tilenga / Kingfisher / EACOP

Uganda & Tanzania

CO2
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Field Development – Kashagan/Kazakhstan Phase 1

290

Phase I 370,000 bopd (capacity) production 
plateau (increasing to 450,000 bopd with 
additional Raw Gas Injection)

40 wells and 5 drilling islands (A Island, D 
Island, EPC2, Epc3, and EPC4) tied to Hub 1

Offshore facilities: oil and gas separation, 
gas dehydration and raw gas injection

Onshore facilities: oil trains, gas and 
sulphur plants and rail loading facilities for 
oil and sulphur
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FACILITIES LAY OUT

KASHAGAN Project
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North Sea - Norway

 Ekofisk field reaches 50-year milestone

 

 

The Ekofisk complex in the Norwegian North Sea

(Courtesy ConocoPhillips)



293 TPA Toolbox Energy Book 4 - Oil

Field development using a FPSO 
(Floating Production Storage Offtake)

Tower risers
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Deep offshore infrastrustures

Source: AFTP
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140 km2
200 kb/d 230 km2

240 kb/d

600 km2
200 kb/d

381 km2
160 kb/d

800 km2
230 kb/d

110 km2
250 kb/d

180 km2
250 kb/d

400 km2
240 kb/d

100 km2
100 kb/d

450 km2
150 kb/d

0
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2000
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)

First oil date

GIRASSOL
DALIA

PAZFLOR

CLOV

KAOMBO

KIZOMBA C

KIZOMBA B

KIZOMBA A

KUITO

PSVM

TOTAL PROJECTS

TOTAL KAOMBO

OTHER OPERATORS

Going deeper and gathering more dispersed reserves

Evolution of deep-offshore 
developments in Angola

Deep Offshore in Angola
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Deep Offshore Angola: Pazflor field location
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Deep Offshore: Pazflor field in Angola
1st oil: August 2011

Water depth: 600 – 1200 m

Current Prod.: 220 000 b/d

32 million manhours

Capex: 9 G$
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Deep Offshore: Pazflor field in Angola
1st oil: August 2011

logo_pazflor.png

Subsea Umbilicals Riser Flowlines (SURF)

              Total lenght of pipelines: 180 km

Total lenght of umbilicals: 84 km
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Deep Offshore: Pazflor field in Angola
Pazflor extension

logo_pazflor.png
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Pazflor – Subsea Separation Unit (SSU)

Water depth: 800-1200 m

Dimensions: 15x15x25 m

Weight: 650 t, including 

foundations

Two subsea pumps per SSU

Pump power: 2,3 MW
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Pazflor – Subsea Separation Flow Diagram

LC

PC

23bar 

60°C

Two 6’’ Gas lines/risers

10’’ Liquid

line/riser (oil + 

water) 

10’’ Multiphase Production line

(oil + gas + water)

Pressure 

Control

Level

Control

FPSO 

Level
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Pazflor FPSO

Lenght: 325 m

Width   :  62 m

120 000 t of steel

Gas turbines power: 120 MWe
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Pazflor FPSO

Lenght: 325 m

Width   :  62 m

120 000 t of steel

Gas turbines power: 120 MWe

● Hull (325m x 61m x 32m)

● 83,000 tonnes dry weight

300 Air buses A380 jets

● 1.9 million barrels storage 

Volume of 2 Stades de France

● Double sided

● Topsides

● ~41,000 tonnes (dry weight)

● 15 Modules

Heaviest 2800 tonnes

● Oil production 220,000 bpd 

● Power generation capacity 120 mw

● Water injection capacity 382,000 bpd

● Gas injection capacity 4.3 Msm3 /day

● Accommodation normal 140 POB 

240 max POB major maintenance periods

logo_pazflor.png

The biggest FPSO ever built

20 year operating life 
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Clov Project - Angola
Capacity: 160 000b/d - Start-up : 2014

Water depth : 1100 – 1400 m
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Clov Project
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Clov Project
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Clov – Multiphasic submarine pumps



308 TPA Toolbox Energy Book 4 - Oil

Moho North Development - Congo

Lenght: 325 m

Width   :  62 m

120 000 t of steel

Gas turbines power: 120 MWe
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Libra Oil Field in Brazil

◆ The largest pre-salt oil field ever disvovered in the Santos Basin

◆ 2000 - 2400 m water depth. 180 km off the coast of Rio de 

Janeiro

◆ Area of 1550 km2

◆ 8 to 12 Gb recoverable oil resources

◆ Estimated peak production: 1,4 Mb/d

◆ Outstanding challenges; 2014 budget up to 500 M$ for 2 wells 

and 3D acquisition survey. Development with FPSO’s. 

Separation, treatment of Associated Gas and CO2.

◆ First Oil:  27 november 2017 (Early Production Phase)

◆ Consortium  made up of Petrobras (40%), Total (20%), Shell 

(20%), CNPC (10%) and CNOOC (10%). Petrobras Operator
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Libra Oil Field in Brazil
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Libra Block in Brazil

Source: Total
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Exploration Pre-project Project Production
Field 

abandonment

Appraisal

Conceptual 

studies

Pre-project

FEED

Tendering

Project sanction

Project execution

Sismic

Drilling

Discovery

Delineation

Ramp-up

Plateau

Decline

Discovery of first 

Pazflor field
Project Sanction Pazflor first oil

2000

Exploratio

n starts on 

Block 17

IOC’s take on exploration risk and fund projects : 

need for a very strong balance sheet until first oil.

Production income shared between governments 

and consortium partners. 

1993 2007 2011

The upstream IOC business model
Pazflor: a 9 G$ FPSO project  from project sanction to start-up

Upstream Fundamentals – Long Life Cycles and 
Massive Investments

Production end

Site restoration

2020+
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TotalEnergies: Leading deep-offshore operator – Projects 2000 - 2020

Total-operated deep-offshore capacity

Approx. 450 wells by 2017 9 FPSOs, 2 FPUs

▪ 220 kb/d & 140 Mcf/d

▪ First oil Aug. 2011

Pazflor

▪ 180 kb/d & 180 Mcf/d

▪ First oil Q1 2012(e)

Usan

▪ 160 kb/d & 230 Mcf/d

▪ First oil 2014(e)

CLOV

▪ 200 kb/d & 160 Mcf/d

▪ First oil 2016(e)

Egina

▪ FPU + TLPW

▪ 100 kb/d & 90 Mcf/d

▪ First oil 2016(e)

Moho North

▪ 2 FPSOs

▪ 200 kb/d & 180 Mcf/d

▪ First oil 2016(e)

CLM FPSO

GG FPSO

Kaombo (B 32)

Mb/d

2

1

Akpo

Rosa

Matterhorn

Dalia

Girassol

Canyon Express

Moho Bilondo

2001

2007

2009

2003

2006

2008

2002

▪ 500 Mcf/d

▪ First gas 2014(e)

Laggan Tormore

2000 2005 2010 2015 2020(e)
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TotalEnergies example: Subsea innovation : lower cost, higher production

◆ Expertise in flow assurance technology reduces 

development costs

◼ CLOV (Block 17, Angola) : subsea “ring” arrangement 

reduces length of flowlines → -11% of EPC costs

◼ Kaombo (Block 32, Angola) : hybrid design reduces 

length of insulated flowlines → -19% of EPC costs

◼ Laggan Tormore (UK) : 143 km multiphasic subsea 

line to shore reduces costs versus dedicated floating 

facilities

◆ Subsea processing increases production

◼ Pazflor (Block 17, Angola) : subsea separation + 

hybrid pumps allow highly viscous crudes to be 

produced

◼ GirRI (Block 17, Angola) : high-boost multiphase 

pumps enhance recovery from depleted reservoir

Maintaining our edge through constant innovation and     
rapid R&D applications

Laggan 
600 m water depth 

Tormore
610 m water depth 
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Creating value through innovative and safe designs

◆ Long-distance multi-phase transportation

◼ Dunbar, Dolphin, Laggan Tormore

◆ HP/HT production and infill drilling

◼ 1100 bars and 190°C on Elgin Franklin

◼ 1150 bars and 215°C on West Franklin

◆ Subsea treatment, production and pumping equipment

◼ Pazflor, GirRI, CLOV, Kaombo

◆ FPSO hulls for crude processing

◼ Pazflor, Usan, CLOV : topsides weight reduction

◆ FLNG design (2.5 Mt/y to 4.0 Mt/y) developed based on

operating experience in FPSOs and FPUs

More efficient designs for future growth
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Subsea Well Control and Containment

Source: Cameron
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Subsea Well Control and Containment

Source: Saipem

For the Oil Spill Response 

Limited (OSRL) 

organisation, in the 

framework of the Subsea 

Well Response Project 

(SWRP), Saipem has 

developed the Offset 

Installation Equipment 

(OIE) which manages the 

capping and containment 

of offshore wells.

Equipments can be 

deployed down to 600 m 

water depth.
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Services Offshore
The « Pioneering Spirit » Heerema

The World Biggest Crane 

Ship

Lenght: 382 m

Width:   124 m

Owner: Allseas
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R & D in exploration - production

- Discover new reservoirs

- Appraise discoveries

- Optimize recovery

- Reduce overall costs

- Reduce safety and 

environment risks 

- Control high energy wells

- 3D- 4D seismic

- Integrate interpretations

- M.W.D.

- Slim hole drilling

- Multi drain drilling

- Clever completion

GGR Techniques

Geology

Geophysics

Reservoir eng.

Drilling

OBJECTIVES METHODS & TECHNIQUES

Production - Reduce CAPEX

- Produce faster

- Reach (ultra) deep offshore

- Multiphase flow

- Subsea production 

Gas - Reduce LNG chain costs

- Process raw gas with high 

contaminant content

- GTL (Gas to liquids) 

- New treatment processes

- New liquefaction methods

- Large capacity methane carriers
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Upstream trends & Costs

The situation

▪ Strong price volatility

▪ decline of conventional zones

▪ Technical challenges

▪ growing concern about environmental issues

▪ Oil & Gas business role in the Energy Transition

Exploration - Target formations becoming smaller and more and 
more difficult to access

- Deep offshore, extra-heavy & unconventional HC

- Opening of new regions

Contracts and taxes - New contracts, Joint operating companies,…… 

Competition - Privatization of national companies

- Specialized gas companies

- Creation of alliances in exploration and in R&D

Oil companies - Refocusing on core business 

- Cost reductions

- Mergers

Technical services - Mergers
- Concentration of supply
- Integrated services

July 2000
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Oil Business: A long process

July 2000
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Global deepwater production should climb to 17 MMboe/d by 2030, 
according to Wood Mackenzie, 

https://www.offshore-mag.com/rigs-vessels/article/14284881/fpsos-lead-the-charge-as-deepwater-set-to-dominate-liquids-supply-from-startups
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World Oil & Gas Greenfield Investments 
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Liquids Technical Costs by Technology

Source: TotalEnergies E&P Data Book 2023
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Reminder - The key paradoxes of the Oil Industry
Environment 2013-2014 -  Similar ratios for 2023 

◆ At 100 $/b crude oil, the 
upstream worldwide average 
technical costs represent 
15% , while 10% are for the 
producing companies and 
around 75% for the 
producing countries « 
government take ».

◆ These 100 $/b « crude oil 
cost » represent an average 
30% of the pumps prices in 
the E.U. The other 70% 
consist of 60% for the 
consuming  countries « 
government take », and 10% 
for downstream costs 
(refining and marketing).

~1.5 €/l

Taxes/Government takes

Economic factors for 

Companies
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Gasoline Price SP95-E10 in France – June 2025
Downstream Taxes # 56% of the price (Not counting Upstream Taxes)

(€/l) (%)

TICPE: Taxe Intérieure de Consommation

 sur les Produits Energétiques
Brent Price = 65 $/b = 0,38 €/l Exchange rate: 1 € = 1,08 $

Carbon Tax = 44,6 €/tCO2

Source: ChG/Data from UFIP & INSEE 
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Reminder - Gasoline Price SP95-E10 in France – September 2023
Downstream Taxes # 52% of the price (Not counting Upstream Taxes)

(€/l) (%)

TICPE: Taxe Intérieure de Consommation

 sur les Produits Energétiques
Brent Price = 101 $/b = 0,59 €/l Exchange rate: 1 € = 1,08 $

Carbon Tax = 44,6 €/tCO2

Source: ChG/Data from UFIP & INSEE 
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Diesel Price in France – June 2025
Downstream Taxes # 53% (Not counting Upstream Taxes)

(€/l) (%)

TICPE: Taxe Intérieure de Consommation 

sur les Produits Energétiques

Source: ChG/Data from UFIP & INSEE 

Brent Price = 65 $/b = 0,38 €/l Exchange rate: 1 € = 1,08 $

Carbon Tax = 44,6 €/tCO2

1,64 €/l 
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Reminder - Diesel Price in France – September 2023
Downstream Taxes # 48% (Not counting Upstream Taxes)

(€/l) (%)

TICPE: Taxe Intérieure de Consommation 

sur les Produits Energétiques

Source: ChG/Data from UFIP & INSEE 

Brent Price = 101 $/b = 0,59 €/l Exchange rate: 1 € = 1,08 $

Carbon Tax = 44,6 €/tCO2
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Diesel and Gasoline Prices – France June 2025

Source: UFIP June 2025
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Gasoline Price in France 1960 – 2024 (Yearly average) 
Picture is different when comparing current money and constant money

Excluding extreme values, Gasoline price in €2024 remains in a margin 1,3 – 1,9 €/l

(€/l)

Source: ChG/Data from INSEE & EI 2025
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Oil prices:
yesterday & today

10
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Quality and Volume of Crude Oil

Source: ENI 2011
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Chart of Crude Oil Prices 1860 – 2025 by EI

Source: EI Statistical Review  2026
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Brent Price – Yearly average Zoom on period 2014 – 2024
2015/2016 Oil Price crash – Covid-19 in 2020 – Rebound in 2021/2022

($/b)

Data from EI Stat. Review 2025
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Brent Oil Price in 2024

Source: Les Echos du 26-12-2024
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Brent Oil Price in 2025

Source: Les Echos du 31-12-2025
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The drivers for a long term Oil Price

11
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The Drivers for a long-term Oil Price

➢  Long term Demand Growth for Oil (including Impact of Energy 

Transition and limitation of Fossil Fuels Production to cope with 

Climate Change challenges)

➢  New Investments in Oil & Gas

➢ OPEC Spare Capacity

➢ Technical Costs for New Developments

➢ Break-even Oil Price for Oil Producers National Budgets 

(Revenues = Price x Production)

➢ Stocks/Inventories (Surface: Short term, Oil fields reservoirs: 

Long term)
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OPEC Spare Capacity and WTI Price

Source: US EIA 2024 – April 2024



345 TPA Toolbox Energy Book 4 - Oil

OPEC+ Spare Capacity is going to grow as from 2022 

Source: IEA Oil 2024 – June 2024

Impact of Covid 19
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OPEC+ Spare Capacity is going to grow as from 2022 

Source: IEA Oil 2024 – June 2024
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OPEC Spare Capacity 2019 - 2025 

Source: IEA March 2026
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Fiscal Breakeven
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Fiscal Breakeven Price

The most commonly used country-level breakeven price is the fiscal 

breakeven, the minimum price that a country needs to receive per barrel of 

crude oil sold for its government to meet its immediate spending needs and 

balance its budget. The fiscal breakeven metric assumes that countries will 

adjust both their spending and - depending on their ability to influence the 

global price of crude oil - their production decisions to avoid deficits and 

smooth public spending.

Fiscal Breakeven Prices are evaluated by several institutions and can vary 

from one to another. 

Computed annually by the International Monetary Fund (IMF) for most 

OPEC+ producers, the fiscal breakeven has varied considerably for most 

OPEC+ members (and non-OPEC+ members Qatar and Mexico), and since 

2010 has ranged from as low as 45 $/b for Qatar, average 2000/2019 to as 

high 230 $/b for Iran in 2020.
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External Breakeven Price

An alternative to the fiscal breakeven is the external breakeven, which is the price a 

country needs to afford its imports. Just as the fiscal breakeven assumes that a 

government will adjust public spending in order to balance its budget, the external 

breakeven assumes that the wider economy will adjust its spending outflows (namely 

imports) to match its spending inflows (namely oil export revenues). 

Consequently, if oil prices are higher than a country’s external breakeven, that country 

can increase public spending or allow its currency to appreciate, while prices lower than 

the external breakeven suggest that the country must either reduce public spending or 

allow its currency to depreciate.



352 TPA Toolbox Energy Book 4 - Oil

Different prices required by the OPEC countries
to balance their budgets – Evolution 2000 – 2024 (est.)

Fiscal Breakeven price to balance budget ($/b) 

Source: Ch Guéritte - Countries are ranked by population. Data from various sources, IMF, US EIA, 

CFR, Standard & Poors, Fitch’s, IIF…Average figures, important fluctuations year per year depending 

upon governments financial policies, budget figures evaluated retrospectively for past years.  

Iraq      2023:  80 $/b     Russia 2023: 116 $/b

Lybia    2023:  66 $/b    Russia 2025:   80 $/b

(Saudi Arabia, UAE, Koweit & Qatar have  accumulated  substantial financial 

reserves. They can protect there public expenses for a given period of time)
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Source: IEA, Apicorp 

Strong budget constraints for many OPEC countries

Different prices required by the OPEC countries
to balance their budgets 

Fiscal Break-even Price

Figures may vary according to sources
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Strong budget constraints for many OPEC countries

Different prices required by the Oil Producers
to balance their budgets 

Source: US EIA June 2020
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The Fiscal Breakeven Oil Price

One formula
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Definitions

◆ OGREVn          = Governmental Oil & Gas Revenus Year n

◆ NONOGREVn  = Governmental Non Oil & Gas Revenus Year n

◆ REVn                = Governmental Revenus Year n

◆ NOCREVn        = National Company (NOC) Oil & Gas Revenus Year n

◆ QOILn               = Oil Production Year n

◆ QGASn             = Gas Production Year n

◆ QOGn                = Hydrocarbons Production Year n

◆ POn                   = Price of Oil Year n

◆ PGn                   = Price of Gas Year

◆ POGn                = Weighted Price of Hydrocarbon Year n  
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Definitions

◆ COSTn         = NOC Costs Year n (OPEX Year n + Deprec. Year n)

◆ Cn                = NOC Unit Cost per barrel of oil equivalent Year n  

◆ TAXn            = Taxes on NOC Income Year n

◆ DEPn            = NOC Depreciation, Depletion & Amortization Year n

◆ NOCINCn     = NOC Net Income Year n

◆ DIVn             = NOC Dividends Year n

◆ EXPn            = Governmental Expenditures Year n

◆ FBALn         = Governmental Fiscal Balance Year n 

◆ BEPn           = Breakeven Price
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National Company Net Income

Let’s consider an Oil & Gas Exporting country whose Oil & Gas 

activities are managed by a National Oil Company (NOC)

The Fiscal Balance for the State/Government is:

FBALn = REVn – EXPn

FBALn = OGREVn + NONOGREVn – EXPn

Oil & Gas activities are managed by the NOC whose financial 

accounts are developed as follows:

NOCREVn = POn*QOn + PGn*QGn

NOCINCn = NOCREVn – COSTn - TAXn   
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Let’s consider that the totality of the NOC Income is distributed as 

Dividends to the State/Government:

DIVn = NOCINCn

OGREVn = TAXn + DIVn =  NOCREVn – COSTn

OGREVn = POn*QOn + PGn*QGn – COSTn

OGREVn = POGn*QOGn – COSTn

OGREVn = (POGn – Cn)*QOGn

Therefore,

FBALn = REVn – EXPn = OGREVn + NONOGREVn – EXPn

FBALn = (POGn – Cn)*QOGn + NONOGREVn - EXPn

 

State/Government Fiscal Balance
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The Fiscal Break-even Price
(Simplified Formula)

The Breakeven Price is the Oil/Hydrocarbon Price which balances 

State Revenus and Expenditures (FBALn = 0):  

     BEPn =  (EXPn – NONOGREVn)/QOGn + Cn 
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The Fundamentals of the Oil price Formation

◆ In a first approach, the World Oil Supply depends upon the profitability of projects and 

the availability of funds to finance these projects, thus for a great part depends upon 

the Oil Price. The greater is the Oil price, the larger are the opportunities to develop 

and produce new Oil fields and therefore increase Oil production.

◆ The World Oil Demand depends upon the final needs for the consumers. The global 

long term trends vary according to several factors: the demography, the standards of 

living evolution, but also the constraints and the relevant people perception linked to 

the Climate Change, the Energy Transition, the Protection of the Environment, the 

Societal Behaviour changes……So, the World Oil Demand evolves timewise and can 

have different aspects for different periods of time.     
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Oil Price ($/b)

IInvestments/ New Projects (M$)

Capacity Building (%)

Supply (Mb/d)

Supply (Mb/d)

Demand (Mb/d)

A tentative to illustrate the Oil Price Formation

Post Oil crash 2014/2015 & Post Covid-19 2020 

110*740* 970**

Situation 1st half 2014*

Delay 3/5 years

Situation 1st half 2020**

25**

*  Oversupply of oil from US

** Drastic fall of demand      

due to the pandemia 
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The Fundamentals of the Oil Price Formation

Positions of Oil Producers & Oil Consumers 

Oil Price ($/b)

Economic Growth 

Financing of National Budgets

Consuming Countries 

(US are Producer & 

Consumer)

Producers/Exporters:  Koweit, UAE, Qatar, 

Saudi Arabia (Group 2)

Producers/Exporters: Venezuela, 

Algeria, Nigeria, Iran, Lybia, Russia

(Group 1)

50 100

Economic Growth 

Budgets Balances
Zone of Comfort
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The Fundamentals of the Oil Price Formation

Competitivity of Renewables 

Oil Price ($/b)

Coal Price

Price of CO2 ($/t)

Competitivity of Renewables

Demand/Consumption Fossile Fuels (Mbep)

CO2 emissions (MtCO2)

50 100

Zone of Comfort
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Oil prices: various scenarios for the 
future

12
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Oil Price Prediction is a perilous exercize!
See also Book 2 Energy
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World Oil Prices

Reminder - IEA 2022 Scenarios 

Source: IEA WEO 2022
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World Oil Demand and Prices

Reminder: IEA 2019 Scenarios 

Source: IEA WEO 2019
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Oil prices prediction is a perilous exercise!:
Oil price evolution forecasts by EIA/AEO
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OIL & GAS PRICES – US EIA SCENARIOS 2022

Source: US EIA AEO 2022
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Key considerations about future Oil and Energy Prices

◆ Higher Oil prices on the long term are probably a favourable factor:

◼ To ensure stability and economic growth of oil producers, even if some of them 
are going to diversify their energy production.

◼ To ensure energy conservation of oil importers and consumers

◼ To ensure development of energy substitutes (Renewable and Nuclear)

◼ To ensure development of “High Tech.” costly petroleum. 

◼ But the future of Oil & Gas industry is at stake in relation to the Climate Change 
issue and the rapid development of Renewable Energies

◆ The demand is guiding the market. Uncertainties on the world demand evolution have 
an impact. Objective of Oil & Gas Producers is to match the demand.

◆ While still key elements for mobility, Hydrocarbons are entering into competition with 
Renewable sources of Energy in the framework of Energy Transition. In this context, 
Carbon pricing will play a role.

◆ Oil prices are volatile and new oil shocks or counter-shocks with temporary higher or 
lower prices could occur. Environmental, geopolitical and societal upsets may have 
important impacts. Recent illustrations: the Covid-19 sanitary crisis, in 2022, the 
Invasion of Ukraine by Russia and more recently in 2026 the US-Iran war.

◆ Evolution of Renewable Energy production costs downwards together with other 
environmental considerations will also have an impact.
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A Zoom on the recent counter oil-shock
2nd Half 2014

Which consequences? What about the heavy 
trends?

History doesn’t like stability……!
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Petroleum Indicators:

2014-2015: Sharp Decrease for Oil & Gas Prices

ERMI: European Refining Margin Indicator

NBP: National Balancing Point, HH: Henry Hub

Source: Total  Results & Outlook Feb.2016
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Source: The Economist  December 2014
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Oil price development  2nd Half 2014
Short term Consequences /Adverse Effects on selected Countries

Countries Positive effects Negative effects

USA Global positive effects on the Economy.

Transfert of spendings from energy consumption 

to other purchases.

A number of oil projects becomes non-economic. Sharp 

decrease in investments in the oil & gas sector.

Euro Zone Global positive effects on the Economy.

Positive impact on the consumer price index.

Risk of deflation, with an impact on salaries and wages. 

Cancellation of oil & gas projects (North Sea). 

Competitivity of renewable energies under pressure.

China Global positive effect in relation to the oil imports 

burden.  

Risk of failure from foreign debtors (oil exporters). 

Coal consumption remain a major element. 

Saudi 

Arabia

Probable increase of market share for oil trading. 

Reduced competition with US oil shales (Tight oil).

Global negative effects on the Economy. Sharp increase 

of the budget deficit, attenuated by the high level of 

financial reserves (740 G$ vs oil revenues # 250 G$)

Venezuela Global negative effects on the Economy (96% of export 

revenus come from oil). High risk of social turmoil.

Nigeria Global negative effects on the Economy (Oil represents 

60% of the Country’s revenues) 

Russia Global negative effects on the Economy. Hydrocarbons 

represent 50% of budget revenus and more than 20% of 

GDP. Sharp increase of banks & enterprises’ debts. 

Situation  getting worse with the sanctions and the 

embargo. Ruble value down. Risk of high inflation.
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2nd Half 2014 Oil price evolution  
Short term events vs heavy trends

◆ Due to the lack of economic growth in some regions (Europe,  Japan, lower 

growth rate in China,….), oversupply of crude oil worldwide (impact of tight oil 

production in the US,…) and decrease of the oil price.

◆ End of November 2014, OPEC decided to maintain their production ceiling at 30 

Mb/d (Saudi Arabia – 10 Mb/d- wants to keep their market share and favours the 

laws of the market) 

◆ The immediate consequence was an important drop in the crude oil price down 

to 80/50 $/b (-45%)

◆ A too low crude oil price has detrimental consequences on: energy efficency, 

GHG emissions, competitivity of renewables, development of investment to 

secure long term demand.

◆ The heavy trends regarding supply/demand together with oil producers 

constraints would probably  rebalance the market on the medium/long term 

towards a higher oil price….Depending upon the future production of LTO and 

Shale Oil in the US…..and the political attitude of the Oil producing countries….. 

and the economic consequences of the Covid-19 pandemia……
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Oil Prod. & Price: A Ceiling and a Wall?
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Oil Price: 
Economics & 

Politics, politics, politics,……
AND Potential World Conflicts
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Oil industry stakeholders:
Governments, NOCs and IOCs

13
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Oil & Gas and Energy sectors: the players’ objectives

SUPPLY SECURITY

SUPPLY DIVERSITY

LOW PRICES BUT SUFFICIENT TO MAINTAIN LONG TERM SUPPLIES

TAX REVENUES

ENVIRONMENTAL PROTECTION

COMBAT CLIMATE CHANGE - DEVELOPMENT OF ENERGY TRANSITIO PROJECTS

LOW PRICES (normally)

SUPPLY AT ANY PRICE (if crisis)

SATISFYING DEMAND GROWTH

ACCESS TO CRUDE

PRICE STABILITY OR PREDICTABILITY

ADEQUAT REMUNERATION OF UPSTREAM AND DOWNSTREAM INVESTMENTS

DEVELOPMENT OF ENERGY TRANSITION PROJECTS

REASONABLE PRICES TO AVOID REPLACEMENT OF OIL BY OTHER ENERGY 
SOURCES AND TO FINANCE NATIONAL BUDGETS

MARKET SHARE PROTECTION 

CONSUMER

GOVERNMENTS

CONSUMERS

OIL COMPANIES

OPEC

GOVERNMENTS
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An increasingly complex competitive environment

Majors

NOCs

A handful of global competitors…

... and a myriad of specialised players in

LUKOIL oil company

Home

Petrobras

Upstream

Refining - 

Petrochemicals Gas utilities

Retail Trading

Photovoltaïc

http://www.lukoil.com/
http://www.petronas.com.my/
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An industry accustomed to cyclical volatility and 
changes due the global environmental features

Higher oil

prices
Increasing 

investments

Higher

spare capacity

Lower oil

prices

Reducing

costs

Lower spare 

capacity

Rising

costs

Reducing 

investments

Typical supply cycle

➢ Oil & Gas prices evolution depends on

➢ Long and medium term Supply and Demand 

➢ Oil & Gas demand elasticity and GDP growth

➢ Stocks situation

➢ Innovation and improved energy efficiency

➢ Geopolitical events and OPEC

➢ Short term industry reaction

➢ Capex linked with Oil & Gas prices

➢ Projects cancelled and/or delayed. Financial 

transactions

➢ Capex and Opex optimization 

➢ Human Resources availability

➢ Oil & Gas Companies now engaged in Climate Change 

constraints and Energy Transition, depending upon 

individual strategies. Potential consequences on new 

exploration and development projects and their financing
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Evolution of Oil & Gas Companies
based on various criterias
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Source: IEA Oil & Gas Industry in Net Zero Transitions – November 2023

Oil & Gas Companies ownership 

Reserves, Production & Investments
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Source: IEA Oil & Gas Industry in Net Zero Transitions – November 2023

Oil & Gas Companies ownership -  2022 Production
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Source: IEA Oil & Gas Industry in Net Zero Transitions – November 2023

Oil & Gas Companies ownership -  2022 Production
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Oil Majors (IOC) represent are small actors 
compared to National Oil Companies (NOC)
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Warning:
Reserves & Resources estimates vary 

according to categorizations selected by the 
various sources.

In the following, Resources are defined either 
by 2P (Proven + Probable) estimates or by 

Commercial 2P (Proven + Probable) + 
Technical 2C (Contingent) estimates  
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International Majors play almost a limited role in the 
World Oil & Gas Resources Assets - Year 2022
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Source: TotalEnergies E&P Data Book 2023

International Majors play a limited role in the World Oil Production
Top 20 Liquids Production by Country & Company - Year 2022 (Mb/d)
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Source: TotalEnergies E&P Data Book 2023

International Majors play a limited role in the WorldGas Production
Top 20 Gas Production by Country & Company - Year 2022 (Bcf/d)
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Source: ChG/Data from TotalEnergies 2023

Resources accounted as Commercial 2P & Technical 2C 
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Resources accounted as Commercial 2P & Technical 2C 
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Reminder - Majors account for 10 – 15% for Oil & Gas 
Reserves, Production and Upstream Capex – Situation 2018 

Source: IEA 2019: The Oil and Industry in the Energy Transition 
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Reminder - The NOC’s share in Upstream Capex
is growing timewise 2012 - 2019

Source: IEA 2019: The Oil and Industry in the Energy Transition 
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International Majors have a limited contribution in World 
Oil & Gas Production # 9 – 10% in the recent past
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International Majors have a limited contribution in World 
Oil & Gas Production # 9 – 10% in the recent past
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International Majors have a limited contribution in World 
Production of Liquids remain the majority
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International Majors Oil & Gas Production evolution
with impact of M&A operations
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International Majors Oil & Gas Production
Contribution of the 5 main producing countries

ExxonMobil and Chevron are 

the most geographically 

concentrated
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North American Companies are the most present 
in the Oil & Gas sector
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International Majors Oil & Gas Proven Reserves (1P)
After decades of stability, important decline in the recent years

In 2023:

# 55 Gboe vs # 

3000 Gboe 

(Total World)

= 2%
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International Majors Oil & Gas Proven Reserves (1P)
Stability for TotalEnergies and Chevron during the last decades
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International Majors Oil & Gas Proven Reserves (1P)
R/P ratio is diminishing. In 2023, between 8 and 12 years of Production
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25 Oil & Gas public Companies Proven Reserves (1P)
Important disparities
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25 Oil & Gas public Companies Proven Reserves (1P)
Split between Oil & Gas. In average, 50%/50%
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International Majors Oil & Gas total Spendings including M&A 
A peak of Capex in 2009 - 2014
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International Majors Oil & Gas Net Cash-Flows evolution (Cst $)
1997 - 2023
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International Majors Oil & Gas Production 2018 - 2022

Source: TotalEnergies E&P Data Book 2023
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International Majors Oil & Gas Production by Countries - 2022

Source: TotalEnergies E&P Data Book 2023

WoodMackenzie Data base – excuding Russia
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NOC Oil and Gas Production

Chinese NOCs

Indian NOCs

Russian companies

Middle East companies

Petrobras

Petronas

2003

From limited foreign exposure…
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NOC Oil and Gas Production

… to fast expansion outside their home countries

2009

Chinese NOCs

Indian NOCs

Russian companies

Middle East companies

Petrobras

Petronas
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A zoom on OPEC
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OPEC

OPEC is a permanent, intergovernmental organization, established in 

Baghdad, Iraq, on 10-14 September 1960.

 

The Organization was founded by the Islamic Republic of Iran, Iraq, 

Kuwait, Saudi Arabia and Venezuela. 

These countries were joined later by Qatar, Indonesia, Libya, the United 

Arab Emirates, Algeria, Nigeria, Ecuador, Gabon, Angola, Equatorial 

Guinea and Congo.

 

During the past years, after some back and forth moves, certains 

countries decided to suspend their membership: 

Indonesia in 2016, Qatar in 2019, Ecuador in 2020. 

The organization comprises now 13 members. Angola recently left OPEC

The organization has its headquarters in Vienna, Austria.
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OPEC

Source: OPEC ASB 2025
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OPEC Member’s contribution in Reserves & Production

Countries Oil Proven Reserves

At 31/12/2024 (Gb)

Production 2024

(Mb/d)

Population

(Million)

Saudi Arabia 267,2 8,96 35,3

Iran 208,6 3,26 86,6

Irak 145,0 3,86 46,1

Kuwait 101,5 2,41 5,0

UEA 113,0 2,92 11,0

Total Middle East 835,3 21,41 184,0

Venezuela 303,2 0,92 33,2

Nigeria 37,3 1,35 227,8

Libya 48,4 1,14 6,9

Algeria 12,2 0,91 46,7

Equatorial Guinea 1,1 0,10 1,6

Gabon 2,0 0,22 2,3

Congo 1,8 0,26 6,3

Total OPEC 1241,3 26,25 508,9

Data from OPEC ASB 2025

* Reserves include Crude oil, gas condensate , NGLs  

and Venezuela heavy oil
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OPEC – Population Evolution

Source: OPEC ASB 2025
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OPEC – Population Evolution

Source: OPEC ASB 2025
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OPEC Members’ GDP (Current Market Price)

Source: OPEC ASB 2025
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World Crude Oil Proven Reserves (Gb)
and OPEC Share

Source: OPEC ASB 2025
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OPEC Members Crude Oil Proven Reserves (Gb)

Source: OPEC ASB 2025
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World Crude Oil Production (Mb/d)

& OPEC Share

Source: OPEC ASB 2025
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OPEC & non OPEC DoC Members  Crude Oil Production (Mb/d)

Source: OPEC ASB 2025

DoC: Declaration of Participation
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OPEC Flows of Crude Oil Trade

Source: OPEC ASB 2025
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World Gas Proven Reserves (T.m3)
& OPEC Share

Source: OPEC ASB 2025
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OPEC Members Gas Proven Reserves (T.m3)

Source: OPEC ASB 2025
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World Gas Production (G.m3)

& OPEC Share

Source: OPEC ASB 2025
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OPEC Members Gas Production (G.m3)

Source: OPEC ASB 2025
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World Refinery Capacity & OPEC Share (Mb/d)

Source: OPEC ASB 2025
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World Output of Petroleum Products (Mb/d) 
& OPEC Share

Source: OPEC ASB 2025
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OPEC Members Current Account Balances

Source: OPEC ASB 2025
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OPEC Members Current Account Balances

Source: OPEC ASB 2025
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OPEC Members economic flows (2) 

Exports Petroleum Exports

Source: OPEC ASB 2025
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OPEC Members’ Oil Exports Revenues (3) vs total Exports 

Source: OPEC ASB 2025
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OPEC Members Imports of Goods & Services (M$) (4) 

Source: OPEC ASB 2025
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OPEC Reference Basket Price, Brent & WTI ($/b)

Source: OPEC ASB 2025



442 TPA Toolbox Energy Book 4 - Oil

OPEC Reference Basket Price ($/b) & Value 2017

Source: OPEC ASB 2025



443 TPA Toolbox Energy Book 4 - Oil

OPEC Economic Balance

        2 examples: Saudi Arabia and Qatar
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The case of Saudi Arabia
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Saudi Arabia Crude Oil Capacity & Production 2023 - 2030

Source: IEA Oil 2025
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The Case of Saudi Arabia (2014 – Budget 2025)

Billion SR Budget 

2025

Estim.

2024

Real.

2023

Real.

2022

Real.

2021

Real.

2020

Real.

2019

Real.

2018

Real.

2017

Real.

2016

Real. 

2015

Real. 

2014

GDP nominal 4352 4091 4003 4157 3280 2625 2970 2934 2570 2420 2450 2827

Revenus 1184 1230 1212 1268 965 782 927 906 692 528 608 1044

Oil Revenus na 758 752 857 562 413 594 611 440 329 445 913

% of Revenus na 62 62 68 58 53 64 67 64 62 73 87

Expenditures 1285 1345 1293 1164 1039 1076 1059 1079 930 825 975 1110

Surplus/Deficit -101 -115 -81 104 -73 -294 -133 -174 -238 -297 -367 -66

% of GDP -2,3 -2,9 -2,0 2,5 -2,2 -11,2 -4,5 -5,9 -9,3 -12,3 -15,0 -2,3

Public Debt 1300 1199 1050 990 938 854 678 560 443 316 142 44

% of GDP 29,9 29,3 26,2 23,8 28,6 32,5 22,8 19,1 17,2 13,1 5,8 1,6

Brent price ($/b) 81,0 83,0 100,1 69,9 41,8 64,2 71,3 54,2 43,7 52,4 99,0

Source: ChG/Data from SA Ministry of Finance

Pre-budget statement 2025
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The Case of Saudi Arabia (2014 – Budget 2025)

1 SR (Saudi Riyal) # 0,267 US$

Budget Estim. Real. Real. Real. Real. Real. Real. Real. Real.

2025 2024 2023 2022 2021 2020 2019 2018 2017 2016

 GDP 1162 1092 1069 1110 876 701 793 783 686 646 654 755

 Revenus 316 328 324 339 258 209 248 242 185 141 162 279

 Oil Revenus na 202 201 229 150 110 159 163 117 88 119 244

 % of Revenus na 62 62 68 58 53 64 67 64 62 73 87

 Expenditures 343 359 345 311 277 287 283 288 248 220 260 296

 Surplus/Deficit -27 -31 -22 28 -19 -78 -36 -46 -64 -79 -98 -18

 % of GDP -2,3 -2,8 -2,0 2,5 -2,2 -11,2 -4,5 -5,9 -9,3 -12,3 -15,0 -2,3

 Public Debt 347 320 280 264 250 228 181 150 118 84 38 12

 % of GDP 29,9 29,3 26,2 23,8 28,6 32,5 22,8 19,1 17,2 13,1 5,8 1,6

 Brent price ($/b) 81,0 83,0 100,1 69,9 41,8 64,2 71,3 54,2 43,7 52,4 99,0

 Billion US $
Real. 

2015

Real. 

2014
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The Case of Saudi Arabia (2014 – 2024)

1 SR (Saudi Riyal) # 0,267 US$

(G$)
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The Case of Saudi Arabia (Deficit-Surplus 2007 - 2024)

Since 2014, only one year Surplus: 2022

Source:
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Source:

The Case of Saudi Arabia (Deficit-Surplus 2007 - 2024)

Since 2014, only one year Surplus: 2022



451 TPA Toolbox Energy Book 4 - Oil
Source: SA Ministry of Finance – Pre-budget statement 2025

The Case of Saudi Arabia (Deficit-Surplus 2007 - 2024)

Since 2014, only one year Surplus: 2022
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Source:

The Case of Saudi Arabia (Public Debt 2007 - 2025)

Since 2014, a regular increase
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Source:

The Case of Saudi Arabia (Financial Reserves)

Since 2014, a regular decrease
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The Case of Saudi Arabia
From 2014 to 2025, 240 G$ have been drawn from SA Financial Reserves 

GDP 2025 = 1280 G$ # 4800 GSAR

Financial Reserves End 2014         = 744 G$ # 2790 GSAR

Financial Reserves End 2025         = 505 G$ # 1890 GSAR 

 

Source: ChG/Data from World Bank 2026
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The case of Qatar
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The case of Qatar

Source: World Bank 2025
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The case of Qatar

Source: World Bank 2025
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The case of Qatar

Source: World Bank 2025
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Source: Qatar Economic Outlook January 2022



460 TPA Toolbox Energy Book 4 - Oil

The Case of Qatar

Source: Qatar Economic Outlook January 2022
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The Case of Qatar

Source: Qatar Economic Outlook January 2022



462 TPA Toolbox Energy Book 4 - Oil

The Case of Qatar

Source: Qatar Economic Outlook January 2022



463 TPA Toolbox Energy Book 4 - Oil

The Case of Qatar

Source: Qatar Economic Outlook January 2022
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The Case of Qatar

Source: Qatar Economic Outlook January 2022
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The Case of Qatar

Source: Qatar Economic Outlook January 2022
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International Energy Agency (IEA)

Established 1974

Within framework of OECD

Every year, IEA published the World Energy Outlook (WEO)

To implement an international energy program

Now 32 members (incl. Hungary from 1997, the Czech Republic from 2001, 

the Republic of Korea from 2002, the Slovak Rebublic from 2007,  Poland 

from 2008, …….Latvia last member in 2024)
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International Energy Agency
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International Energy Agency
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International Energy Agency – Members Countries
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International Energy Agency – Association Countries
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A zoom on Majors
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Oil Companies after mergers
(Consolidated situation after previous decade mergers )

Hydrocarbons reserves (Gboe)

Market Capitalization 

After merger (G$)

0

50

100

150

200

250

300

0 5 10 15 20 25

ExxonMobil

Shell

BP + Amoco + Arco

Exxon

Mobil

Chevron

Elf

Arco
Fina

BP Amoco

Total + Fina
Texaco

BP

Amoco

Total

Chevron + Texaco

Total + Fina + Elf = TotalEnergies

* After reserves recategorisation

Market Cap.

08/08/2026 (G$):

ExxonMobil              : 634

Chevron                   : 366                  

Shell                         : 245

TotalEnergies          : 190

BP                             : 107

(Saudi Aramco : 1707)

In 2015, Shell purchased BG Group for an amount of 47 

B£ (65 B€)

In 2023, ExxonMobil acquired Pioneer Resources

In 2023, Chevron acquired Hess
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Oil & Gas Proven Reserves End 2025
and 2025 Production – Majors/IOC

Proven Reserves (Gboe) Production (Mboe/d)

Source: Companies Annual Accounts 2025 – May 2026
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Low-carbon & total Capex made by 4 IOC in 2024  

Source: REN21 2025

IOC: International Oil Companies
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A Zoom on TotalEnergies
(See also Book 2 Energy – Chapter 7)
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TotalEnergies 2025

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 - Safety

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Growing Energy Production

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Investments Management

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Investments Management

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Oil & Gas Production to satisfy Demand

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Oil & Gas Portfolio optimization

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Oil & Gas with less emissions

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – R & C adapting

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – M & S improving margins

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Strong LNG Business

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Developing Power Business

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2025 – Strong free cash-flow

Source: TotalEnergies Strategy & Outlook – September 2025
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TotalEnergies 2026 – Sustainability & Climate 

Source: TotalEnergies Sustainability & Climate Progress Report 2026 – March 2026
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TotalEnergies 2026 – Sustainability & Climate 

Source: TotalEnergies Sustainability & Climate Progress Report 2026 – March 2026
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TotalEnergies 2026 – Sustainability & Climate 

Source: TotalEnergies Sustainability & Climate Progress Report 2026 – March 2026
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TotalEnergies 2026 – Sustainability & Climate 

Source: TotalEnergies Sustainability & Climate Progress Report 2026 – March 2026
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TotalEnergies 2026 – Sustainability & Climate 

Source: TotalEnergies Sustainability & Climate Progress Report 2026 – March 2026



494 TPA Toolbox Energy Book 4 - Oil

TotalEnergies 2026 – Sustainability & Climate 

Source: TotalEnergies Sustainability & Climate Progress Report 2026 – March 2026
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ENTREPRISES ARE 
PART OF THE 

SOLUTION

Source: TotalEnergies Sustainability Reports
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Important Business Development Steps to 
build-up a MultiEnergy Company 
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August 2017 

Total acquired Maersk Oil 

for $7.45 billion 
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Acquisition of Maersk Oil
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Acquisition of Maersk Oil

Source: Total Investors Day September 2017
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Acquisition of Maersk Oil
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Acquisition of Maersk Oil

Source: Total Investors Day September 2018
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September 2019

Total acquired Anadarko

African Assets  
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Acquisition of Anadarko Assets
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Total - LNG Markets

Source: Total General Meeting 2018

On 13 july 2018, Total announced the 

acquisition of ENGIE LNG assets for an 

amount of 1,5 G$:

- 16,6% in Cameron LNG in the US

- Liquefaction capacities of 23 MT/year 

located in Middle-East, Australia, Russia, US

- Long term contracts representing 28 

MT/year

- Regas capacities of 18 MT/year

- 18 LNG vessels out of which 2 FSRU
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TotalEnergies & Renewable Energy



507 TPA Toolbox Energy Book 4 - Oil

Total, majority Shareholder in Sunpower

Source: Total Investors Day September 2016
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Sunpower supplier of Solar Impulse (2011)
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Renewable Energy Portfolio
September 2017: New Acquisition for 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

On 26 July 2023, TotalEnergies acquired 100% of Total 

EREN for 1,5 G€ (3,5 GW installed capacities + 

projects portfolio of 10 GW)
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An Industrial Key: Energy Storage
Acquisition of Saft (Top Range Batteries) for 950 M€

Source: Total Investors Day September 2016
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Total and Renewable Energy
A Rapid Development 
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Total and Renewable Energy
A Rapid Development 

Source: TotalEnergies Sustainability Report
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TotalEnergies Energy Mix Evolution

Source: TotalEnergies Sustainability Report
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TotalEnergies among the most dynamic companies committed 
in Energy Transition

Source: IEA 2019: The Oil and Industry in the Energy Transition 
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Total among the most dynamic companies committed in Energy 
Transition (Some important steps)  

Affiliates/

Divisions

Activities Year Share Cost

 (G€)

Projects location

Present & future

Total Energie 

Développement

Solar 1972

2005

100%

TENESOL Solar 2005 50%

SunPower Solar 2011 56% 1,33 California, Chile, Italy, Australia, 

Japan, South Africa, …

Saft Batteries 2016 100% 0,95 France & international

Lampiris Gas & Green Electricity Distribution 2016 100% 0,18 France & Belgium

EREN Renewable 

Energy

Hydroelectricity, solar, wind 2017 23% 0,24 Europe, Asia, Latin America, Africa 

4 400 MW

Greenflex Energy efficiency 2017 100% na France & Europe

Direct Energie Gas & Electricity Low carbon 

Production

2018 100% 1,40 France

Total Solar Internat.

(TSI)

Production & sale of solar energy

Utility scale  solar plants

2018 100% Japan, South Africa, Abu Dhabi, 

Chile, Qatar, Spain, India…..

Total Quadran Renewable Energy 2019 100% France & overseas

Total Carbon 

Neutrality Ventures

To finance starts-up developing 

solutions to achieve carbon neutrality

2019 100% International

Cumulated investment = 400 M$

Total Forests Preservation 2020 100% 100 M$/year
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Total among the most dynamic companies committed in Energy Transition 
(Some important steps)  

Affiliates/

Divisions

Activities Year Share Cost

 (G€)

Projects location

Present & future

Blue GemWind Wind offshore 2020 80% na EREBUS Project, Celtic sea, 

Wales, UK

TotalEnergies Wind offshore Seagreen 2020 na Scotland

Global Wind Power Wind onshore via Total Quadran 2020 100% na France, portfolio 1000 MW

TotalEnergies Solar Power - JV with Adani Green Energy Limited 

(AGEL) 3 GW & 15 GW potential portfolio

2020 50% India

TotalEnergies Biomethane – Acquisition of Fonroche Biogaz 2020 100% na Several anaerobic digestion 

units in France 

TotalEnergies Solar Power 5,3 GW PV with Powertis,

Solarbay RenewableEnergy and Ignis

2020/21 na Spain

TotalEnergies Solar & Energy storage projects 

JV with 174 Power Global - 4 GW

2021 na US

TotalEnergies Floating offshore windfarm - JV with Macquarie 2021 50% South Korea

EolMed Floating wind project Mediterranean 2021 na na France

TotalEnergies Offshore windfarm 2021 na Taiwan

TotalEnergies Battery storage 2021 100% France/Dunkirk

Saft Strategic hub for Energy Storage solut. 2021 100% China/Zhuhai

TotalEnergies Solar Mapper JV with Google 2021 na
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Total among the most dynamic companies committed in Energy Transition 
(Some important steps)  

Affiliates/

Divisions

Activities Year Share Cost

 (G€)

Projects location

Present & future

TotalEnergies Solar power PV - JV with Adani expanded 2021 50¨% India/Kamuthi

TotalEnergies Hydrogen - JV with ENGIE 

Masshylia project, largest green hydrogen 

production in France, 5tH2/day by 2024

2021 na France/La Mède

TotalEnergies CCS – Northern Lights with Equinor & Shell

100 M$:year devoted to CCS R&D and 

industrial pilot projects

2021 na Norway

Saft JV with Stellantis to launch large scale 

production of batteries for electric vehicles as 

from 2023

2021 100% Europe

TotalEnergies/Saft Pure electric refueling vehicles for aviation – 

Partnership with Titan Aviation & Gaussin

2021 100% France, others

TotalEnergies Charge points for electric vehicles – 500 

service stations by 2023 

2021 100% France

TotalEnergies Hydrogen as a fuel for trucks and buses

Hydrogen fillin stations

2021 100% Germany, Netherlands, Belgium, 

France

TotalEnergies Sustainable Aviation Fuels production 2021 100% France/Grandpuits

TotalEnergies Natural Carbon Sink - Partnership agreement 

with Republic of Congo – plantation of 40000 

ha of forest on the Batéké Plateau

2021 na Congo



518 TPA Toolbox Energy Book 4 - Oil

Total among the most dynamic companies committed in Energy Transition 
(Some important steps)  

Affiliates/

Divisions

Activities Year Share Cost

 (G€)

Projects location

Present & future

TotalEnergies Renewable Energy – Acquisition of 50% of 

Clearway Energy Group

2022 50% na

TotalEnergies Acquisition of Core Solar – Utility scale solar 

and energy storage projects in US 

2022 na 4 GW

TotalEnergies Al Kharsaah – Solar Power plant in Qatar 2022 40% 800 MWp - Qatar

TotalEnergies Acquisition of 50% of Clearway Energy 2022 50% 8 GW 

TotalEnergies Wind Offshore: 4 GW of projects in New-York

And North Carolina

2023 na 4 GW

EREN Acquisition of 71% of EREN – Final stake: 100% 

Renewables, Hydrogen

2023 100% 1,5 G€ Europe, Asia, Latin America, 

Africa

TotalEnergies Acquisition of 3 start-ups: Dsflow, NASH 

Renewables, Time2plug – Electricity business

2023 various France, others

TotalEnergies Investment Agreement with Government of 

Kazakhstan – Mirny Onshore Wind project

2023 60% 1 GW - Zhambyl region

TotalEnergies Inauguration of Seagreen offshore wind farm 2023 51% 1,1 GW – Scotland

World deepest fixed bottom 

wind farm
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Total among the most dynamic companies committed in Energy Transition 
(Some important steps)  

Affiliates/

Divisions

Activities Year Share Cost

 (G€)

Projects location

Present & future

TotalEnergies Start-up of Danish Fields, Solar¨Power plant in 

Texas

2024 50% 750 MWp - Texas - US

TotalEnergies Acquisition of VSB (Germany) Wind, solar 

Energy, Battery storage

End 

2024

100% 1,57 G€ Germany 2GW, projects totalling 

18GW

TotalEnergies Acquisition of SN Power, affiliate of Scatec 

(Norway) Hydropower projects in Africa

Mid 

2024

100% Africa, Uganda, Rwanda, 

Malawi

TotalEnergies Power Purchase Agreement with Google

To supply Google Data Centers for 15 years

Feb.

2026

100% 1 GW of solar capacity from 

Wichita/Mustang Creek - Texas

TotalEnergies TTE & RWE selected by the Ministry of Industry 

and Energy to develop Centre Manche 2 Wind 

offshore project

Sept. 

2025

4,5 G€ 1,5 GW, 6TWh/year

40km off the coast of Normandy

Largest Renewable Energy 

project in France

TotalEnergies Power Purchase Agreement with Airbus

To supply renewable electricity

Feb.

2026

100% 3,3 TWh to Airbus sites in 

Germany & UK
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TotalEnergies among the most dynamic companies committed in Energy 
Transition (Some important steps)  

28 May 2021: Total became TotalEnergies

Net Zero Emissions by 2050

Important Growth of Total’s Gas, Power, 

Renewables (GRP) Division.

Power Capacity:

End 2019: 3 GW

End 2020: 7 GW

Objective 2025: 35 GW

 Objective 2030: 100 GW 
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TotalEnergies is the top leader for utility-scale solar capacities in the World,

including operational, under construction and contracted projects # 41 GW
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Our People are Our Main Asset
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Countries where Total is present

International presence in 130+ countries 
supported by 103 000 employees worldwide

Our People are Our Main Asset
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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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