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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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Coal fundamentals

1
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* out of which electricity generation # 6,2 Gtoe # 29 700TWh (eq. Primary Energy) 

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

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

           OTHER relates to agricultural sector & other non-energy use
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Source: Data from IEA WEO 2025
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Coal Origin & Formation
 Coalification Process 

10
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The Coal ranks 

0xygen & H2O release
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Various categories of Coal

Source: IEA 2011. Gross Calorific Value or Higher Heating Value (HHV) is the 

Calorific Value (CV) under laboratory conditions
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Coal

◆ Open cast + underground mining

◆ Energy content < 4500 kcal/kg LCV

◆ Water content > 35%, hence only regional 

transport

◆ Utilization on regional energy markets only

◆ Subdivided into sub-bituminous coal and 

lignite

◆ Open cast + underground mining

◆ Energy content > 4500 kcal/kg LCV

◆ Water content < 35%

◆ Worldwide traded commodity

◆ Subdivided into anthracite and 

bituminous coal, or thermal (or steam) 

coal and coking coal for final use

LCV: Low Calorific Value. Difference with HCV 

is the latent heat of the water vapor produced

1 cal. = 4,18 J.
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Peat  

Sub. & Bituminous 

   Lignite/Brown Coal

  

Anthracite

From http://geology.com/rocks/coal.shtml

The 4 Commercial Ranks  

14
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Classification Coal Types & Peat

Main uses:

Steam Coal

Boilers 

Power Generation

Cements

Metallurgical

Domestic
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H/C/O Ratios Biomass & Coal

Van Krevelen diagram
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Classification of Hard Coal Reserves
and Resources
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Various qualities of Coal

➢ Coal qualities vary substantially

➢ When not defined in t, quantities are defined in tonnes of coal equivalent 

(tce) 

➢ 1 tce represents 7 Million kcal (7 000 kcal/kg)

➢ 1t # 0,70 tce

➢ 1tce # 0,70 toe

➢ 1 t # 0,70 tce # 0,49 toe (World average, based on world production split*)                  

➢ 1 short ton = 0,907 t

➢ 1 Exajoule (EJ) # 40 Mt Hard Coal, # 95 Mt Lignite & sub-bituminous Coal

* On the basis of BP Stat. Review 2018
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Various qualities of Coal

REMINDER - WARNING

Coal quantities can be expressed in tonne (t), tonne 

coal equivalent (tce), or tonne oil equivalent (toe)

These quantities are substantially different:

1 t # 0,7 tce

1 tce # 0,7 toe

1t # 0,49 toe
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Definition of Reserves: various sources

➢ Proven reserves are defined as those quantities that geological and engineering 

information indicates with reasonable certainty can be recovered in the future from 

known deposits under existing economic and operating conditions.

➢ Two internationally recognised methods for assessing coal reserves exist.

➢ The first one is produced by the German Federal Institute for Geosciences and 

Natural Resources (BGR) and is used by International Energy Agency (IEA)

➢ The second one is produced by the World Energy Council (WEC) and was used by 

the BP Statistical Review of World Energy till 2016.

➢ Reminder: Coal reserves at end 2015 reported by WEC/BP (891 Gt) were lower by 

8% than those reported by BGR (985 Gt).

➢ BP Statistical Review of World Energy has been replaced by Energy Institute (EI) 

Statistical Review of World Energy in 2023.

➢ Qualities of coal varies substantially. Coal reserves can be expressed in t (metric 

tonnes) or tce (tonnes coal equivalent). The conversion factors can be different 

depending upon the producing country. 
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Definition of Reserves: various sources

➢ For the 2017 edition of the BP Statistical Review of World Energy 

and later, BP changed sources. They 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 German Federal Institute for Geosciences and Natural 

Resources (BGR) Energy Study 2016.

➢ Reserves figures in BP Statistical Review of World Energy are 

therefore substantially different for 2017 and later than those of 

previous years.

➢ BP Statistical Review of World Energy has been replaced by 

Energy Institute (EI) Statistical Review of World Energy in 2023.

➢ Coal Reserves are no longer published by these organizations.
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Coal Reserves and Resources at end 2024 (Gt)

Source: IEA WEO 2025
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Worldwide Sub-bituminous and Lignite (Brown Coal) 
Proven Reserves at end 2020 = 320 Gt

North America

32 Gt

 

Europe & Eurasia

169 Gt

South & Central 

America

5 Gt

China

8 Gt

South Africa

0 Gt

Australia

 77 Gt

India

5 Gt

Indonesia 

12 Gt

Pakistan   

3 Gt

Others Asia 

Pacific

3 Gt

(Gt)

New Zealand

8 Gt

Source: BP Statistical Review 2022

Nota: Bars not at scale
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Worldwide Anthracite and Bituminous (Hard Coal)
Proven Reserves at end 2020 = 754 Gt

North America

225 Gt
 

Europe & Eurasia
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Source: BP Statistical Review 2022

Nota: Bars not at scale
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Worldwide Coal Proven Reserves at end 2020: 
1074 Gt (# 526 Gtoe) and and 136 years*

North America

257 Gt

 (367 y)

Europe & Eurasia

328 Gt

(350 y)

South & Central America

14 Gt

(240 y)

China

143 Gt

(37 y)

South Africa
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(40 y)

New Zealand

 8 Gt

India
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(147 y)

Indonesia   

35 Gt

(62 y)

Pakistan   

3 Gt 

(396 y)

* (R/P)=Proved Reserves/ Production

     Others Asia 

Pacific

     9 Gt

(Gt) Including Russia: 162 Gt (407 y)

Including Germany: 36 Gt (334 y)
Including USA: 250 Gt (>500 y)

Source: BP Statistical Review 2022

Nota: Bars not at scale

Other Africa & 

Middle East

4 Gt

Australia

 150 Gt

(315 y)
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◆ US, Russia, Australia and China 

Coal reserves represent 65% of 

the world reserves.

◆ Russia and Australia have the 

reserves to  increase power 

generation from coal-firing plant, 

in order to release oil and gas for 

the international market.

◆ Great uncertainties on reserves 

of China. Compared to previous 

years estimates, China reserves 

have been decreased by # 40%! 

◆ CO2 emissions constraints 

represent a bottleneck for coal 

production.

Coal: Proven Reserves end 2020

Total: 1074 Gt  

Figures based on BP Stat. Review 2021

Coal Reserves (Hard Coal + Brown Coal)
N°1 USA, N°2 Russia

23%

15%

14%
13%

10%

3%

3%

3%

3%
2%

9% US

Russia

Australia

China

India

Indonesia

Germany

Ukraine

Poland

Kazakhstan

Rest of World
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Coal heat content per country versus 2006 production. A great 
variety of Quality

Coal heat content per country versus 2006 production
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Hard Coal (Reserves+Resources) with cut-offs at 0.6m coal seam 
thickness and down to 1800m depth

Illustration: at end 2010
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Hard Coal (Reserves+Resources) with cut-offs at 1.2m coal seam 
thickness and down to 1200m depth

Illustration: at end 2010
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Classification of Coal Mines by depth and countries

Source: IEA WEO 2019
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Coal Reserves « elasticity »

➢ There are huge differences between Coal reserves and also between Coal and Oil/Gas 

reserves. 

➢ While Oil and Gas reserves have a rather low « price elasticity », Coal reserves have a 

very high « price elasticity » as they vary greatly when the technical basis used to 

differentiate between ressources and reserves are modified.

➢ Oil shales  should have « price elasticity » characteristics similar to Coal.

➢ Oil sands have « in between » price elasticities. 

➢ The same caracteristics, for different reasons, can be observed with Uranium 

resources.



33 TPA Toolbox Energy Book 9 – Coal 

The Coal Chain
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The Coal Chain
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From the Mine to the User
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Mining Technique – Open Cast/Surface
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Modern and massive Bulk Industry – Civil Works
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Lignite mine  RWE - Garzweiler - Germany

Reserves: 1.25 Gt – Production: 35-40 Mt/Year

High productivity: 240 000 m3/day capacity each …)   

Stripping ration 4.4 - 3 seams : 40m thick on average 

Courtesy RWE Power AG 38
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Underground Mining

39
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1 - Mining project 

qualifications
Project Agreement from

Mine  Authority 
o Mine Project: Definition/Mining Plan 

o Mining  process 

o Staff qualification 

o Health  & Safety rules and qualifications

o Environmental legislation 

o Water, Waste dump... 

o Closure and land return plan… 

2 - Mining  Operations  
Regular controls

Mine Authority & Management:

o Mining plan & Operations control :

o Health and Safety : Dust –Ventilations- Gas atmosphere - Roof 

resistance-Geology-

o Safety /Emergency  Rules and equipmen

o Regulations enforcement 

o Regular inspections, monitoring and compulsory reporting of any 

Incident/Accident

HEALTH, SAFETY & ENVIRONMENT - HSE
Coal Mining: Hazardous  and Harmful Operations…  

http://www.hse.gov.uk/mining/legislatlist.htm
http://www.hse.gov.uk/mining/legislatlist.htm
http://www.hse.gov.uk/mining/legislatlist.htm
http://www.opsi.gov.uk/si/si2007/uksi_20071894_en_1
http://www.opsi.gov.uk/si/si2007/uksi_20071894_en_1
http://www.opsi.gov.uk/si/si2007/uksi_20071894_en_1
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Australia: Queensland Rail - Dawson mine Richard’s Bay Coal Terminal - RSA

RBCT - RSA

80Mt /year

Ship loader 8-16kt/hr

Massive Bulk Storage

& 

Transportation…

200 trucks

17/20 000 t 

File:Krupp stacker rtca kestrel mine.jpg

41

http://upload.wikimedia.org/wikipedia/commons/c/c8/Krupp_stacker_rtca_kestrel_mine.jpg


42 TPA Toolbox Energy Book 9 – Coal 

Coal Consumption and Production
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Global Coal Consumption 1965 – 2024 (EJ)
Important growth from 2002 to 2014, then a stabilization from 2015 to 2024

Source: EI Stat. Review of Energy 2025
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Additional Coal Consumption 2025 (EJ)

Source: EI Stat. Review of Energy 2026
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Coal Consumption 1974 – 2024 (Mtce)
In advanced economies, growth from 1973 to 2024, then a 50% decrease up to 2024   

Source: IEA Global Energy Review 2025

tce: tonne coal equivalent
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Change in Coal Consumption 2023 – 2025 (Mt)
In advanced economies, growth from 1973 to 2024, then a 50% decrease up to 2024   

Source: IEA Global Energy Review 2026

tce: tonne coal equivalent



47 TPA Toolbox Energy Book 9 – Coal 

Coal Consumption 2002 – 2027 (Mt)
Important growth from 2002 to 2014, then a Consumption in the range 8,5/9,0 Gt 

from 2022 to 2027

Source: IEA Coal 2024
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Worldwide Coal Consumption 2025 by EI # 166 EJ # 8,8 Gt
 Total Coal accounts for around 30% of world primary commercial energy 

supplies, 40% of Electricity generation and 70% of the world steel

China N°1, India N°2 – Decline in USA & EU in 2024 vs 2023

Russia

 3,6

Japan

 4,4

Poland 

1,3

More than 70% of the World Coal is consumed by China & India, 56% by China 

Consumption 2024:

Thermal Coal & Lignite:   7,7 Gt

Met Coal:                           1,1 Gt

Total:                                  8,8 Gt

Source: Data from IEA Coal 2024 & EI Stat. Review 2026

Nota: t and not tce. IEA & EI figures are slightly different. 

1EJ # 53 Mt. For Poland & Russia, 1EJ # 70 Mt Coal

China

92,2

USA

8,7

India

23,1

European Union

4,6 

(EJ)
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Coal Production 2000 – 2027 (Mt)
Important growth from 2002 to 2014, then a Production in the range 8,5/9,0 Gt 

from 2022 to 2027

Source: IEA Coal 2024
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Worldwide Coal Production 2025 by EI # 9,1 Gt
 Total Coal accounts for around 30% of world primary commercial energy 

supplies, 40% of Electricity generation and 70% of the world steel

China N°1, India N°2

Australia 

431

RSA:236

Russia

 429

Indonesia: 

790

Poland 

81
Kazakhstan 

121

More than 80% is produced by China, USA, India, Australia, Indonesia and Russia 

Production 2025:

Thermal Coal & Lignite:      8,0 Gt

Met Coal:                              1,1 Gt

Total:                                     9,1 Gt

Source: Data from EI Statistical Review 2025

Nota: t and not tce

IEA & EI figures are slightly different

China

4663

USA

463

India

1084

Germany

86

 

(Mt)

+ ε vs 2024

+ 0,8% vs 2023

+ 1,9% vs 2022

+ 7,9% vs 2021

+ 6,0% vs 2020

-22,0% vs 2019

+ 1,0% vs 2018

+ 5,1% vs 2017

+ 3,4% vs 2016

-  6,5% vs 2015

-  9,0% vs 2014

European Union

             245
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History of Coal Production 1981 – 2025 (Mt) by EI
After a relative stability, important growth from 2002 to 2012, then a Production in the 

range 7,5 – 9,0+ Gt from 2012 to 2025 with a sharp increase in 2022

Source: Data from EI Statistical Review 2025

1 EJ # 51 Mt Coal
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Coal – What Perspectives?
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Coal Production Perspectives by ASPO

Source: Jean Laherrere April 2023

ASPO: Association for the Peak Oil
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Coal Production Perspectives by ASPO

Source: Jean Laherrere September 2023

ASPO: Association for the Peak Oil
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Coal – BP Perspectives
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Coal – BP Perspectives

Source: BP Energy Outlook 2025
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Coal – TotalEnergies Perspectives
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TotalEnergies Scenarios November 2025
Drastic decline of Coal in the Rupture Scenario
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Coal – IEA Perspectives
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 Coal Demand & Production by IEA 2025 STEPS Scenario (Mtce) 

Source: IEA WEO 2025

Demand Production
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Coal Demand by IEA 2025 by Countries/Regions vs Scenarios (Mtce)  

Source: IEA WEO 2025
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Coal Production by IEA 2025 vs Scenarios (Mtce)  

Source: IEA WEO 2025
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Coal – US EIA Perspectives
(No update since 2023)
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EIA AEO 2023 Highlights – Coal declines drastically

Source: EIA AEO 2023 – March 2023

1 quad = 1 quadrillion Btu # 25 Mtoe
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Coal - Electricity Generation
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Traditional sources account for
82% in 2024
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Electricity Generation grows substantially, « traditional » Energy 

sources are drastically reduced. Wind and Solar PV take the lead 

World Electricity Generation by Source
IEA WEO 2025 STEPS
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Source: Data from IEA WEO 2025
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42%
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Coal Share in Electricity Generation by Countries 2013 and 2024
> 50%: S.Africa, Poland, China, Kazakhstan, India, Morocco

82
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55
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32

<1

20242013

Source: WCA & Ember/EI 2024
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Coal fired Electricity Generation Plants in the World 2024

Source: Carbon Brief
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Coal Prices and Supply Costs
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Coal Price markers for different qualities 2023 – 2024

Source: IEA - Coal 2024
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Electricity Generation costs from Coal and Natural Gas 2021 – 2027
in EU – Impact of Ukraine invasion by Russia

Source: IEA Coal 2024
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Coal Prices Evolution
40 – 80 $/t in 2020         75 – 160 $/t in 2021

Source: BP Statistical Review 2022
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Average Coal Prices evolution by destinations – A peak in 2022
73 – 97 $/tce in 2025 

Source: EI Statistical Review 2026
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Price markers for Coal & Crude Oil
After the 2022 crisis, Coal remains twice less expensive than Oil

Source: IEA - Coal 2024
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Coal & Gas Prices – Evolution 2022 - 2024

Source: IEA - Coal 2024
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Thermal Coal Prices evolution by destinations

Source: IEA - Coal 2024
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Coal Prices evolution – European & Russian Thermal Coal

Source: IEA – Coal 2024
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Coal Prices evolution – Australian & Russian Thermal Coal

Source: IEA - Coal 2024
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Supply Costs of Hard Coking Coal in 2024 
Some mines are no longer competitive, but global profitability is persistent  

Source: IEA Coal 2024
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Supply Costs of High Cal. & Low Cal.Thermal Coal in 2024
Despite a slight decrease in Supply Costs, profitability has decreased vs 2022 

Source: IEA Coal 2024
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Coal international trade

2

◆ The coal trade characteristics:

◼ A limited share of coal is internationally traded

◼ However with oil price evolution and lack of production capacity, 

international coal trade is dynamic

◼ Coal sea transport is cheap

◼ Coal ground transport is expensive

◼ Australia and Indonesia are major coal exporters

◼ Coal consumption is now affected by a negative image due to the 

high degree of carbon emissions
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0,5

4,3

Seaborne Domestic

International Traded Coal represents 16% of Coal 
World Production # 9,0 Gt – Year 2024

Seaborne trade in 2024 # 1,5 Gt

1,5 Gt

7,5 Gt

Note: Quantities in t and not tce
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Coal Trade around the World - 2025

Source: EI Stat. Review 2026
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Coal Trade around the World - 2025

Source: EI Stat. Review 2026
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Thermal Coal Trade around the World 2023 (Mt)
Thermal Coal Trade remains concentrated in the Asia Pacific basin

Source: IEA Coal 2024

Nota: Thermal Coal is a part of Hard Coal
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Thermal Coal Trade around the World 2023 - 2027 (Mt)

Source: IEA Coal 2024

Nota: Thermal Coal is a part of Hard Coal
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Met Coal Trade around the World 2023 (Mt)
Australia dominates Met Coal Trade

Source: IEA Coal 2024

Nota: Metallurgical Coal (or Coking Coal) is a part of Hard Coal
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Met Coal Trade around the World 2023 - 2027 (Mt)

Source: IEA Coal 2024

Nota: Thermal Coal is a part of Hard Coal
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Colombia

58 Mt
South Africa

70 Mt

International Hard Coal net exports 2024
Hard Coal includes Steam & Coking Coal

Indonesia

557 Mt

Australia

361 Mt

US

98 Mt

Russia

 199 Mt

International supply # 1550 Mt
Not including intra-regional trade

Source: Data from IEA Coal 2024
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India

250 Mt

International Hard Coal net imports 2024
Hard Coal includes Steam & Coking Coal

Japan

163 Mt

Europe

 119 Mt

International supply # 1550 Mt
Not including intra-regional trade

China

527 Mt

Source: Data from IEA Coal 2024

Korea

117 Mt
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Coal Export Revenues – Evolution from 2021 to 2024
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What will be the main drivers of the imports growth in the future? 
Coal Demand evolution greatly depends on Countries strategies

Impact of Climate issues: a drastic limitation of Coal Use is foreseen

◆ In the Atlantic zone :

❑ Replacement of ongoing decline of European production of coal. German coal still 

important in connection with the decline of nuclear production.   

❑ An evolving US market on coastal area due to environment constraints (low sulfur) and 

improved ports capacity for imports. The new US administration favors coal 

industry….US is a net exporter of Coal. Although the US is producing most of that it 

consumes, it imports Coal to meet some domestic demand (optimization of supply 

costs)

❑ The growth of Shale gas production in the US leads to overcapacity of coal production, 

coal exports at low prices will continue.  

◆ In the Pacific zone : 

❑ a growth forecasted in electricity coal fired generating capacity located mainly in 

emerging countries such as : 

❑ China : has become a net importer . Imports will stabilize and decline. 

❑ India : huge potential for imports (340 Mtce in 2040? + 88% vs 2014)

❑ Malaysia : policy in favour of coal imports and more gas exports

❑ Australia: coal for domestic market, increase of coal exports and LNG exports.

❑ Continuous imports in mature countries such as Japan and South Korea
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Markets & Freight
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Coal Seller/Buyer Agreements – Main clauses

Main Contractual Terms:

➢ Price: US$/t - FOB / CIF (Freight & Insurance Inclusive)

➢ Mine Origin: ….

➢ Coal Specifications CV: Net or Gross 23 MJ- 5500 kcal/kg

Humidity: AD/AR               Max 3-5%

Sulfur Max %

Ash Max %

VM Min-Max %

Ash Fusion/AFT Mini 1150 DC

➢ Price Adjustment: pro rata CV – Humidity…

➢ Penalty: Over limit: sulfur-ashes…% 

➢ Rejection: Sulfur- above threshold …

➢ Litigation: Experts- International court 

➢ Analysis: Independent laboratory / Loading Port……. 
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Coal Market & Freight Rates on selected routes 
2021 - 2024 

Source: IEA Coal 2024
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Coal to Liquids (CtL)
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p.m. Coal to Liquids (CTL) inputs and outputs
(IEA Central Scenario Vision 2011)

Source: IEA 2011 World Energy Outlook
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Coal to Liquids Processes
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Coal to Liquids Processes
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Coal to Liquids Pathway
Many Challenges

Source: US EIA Vision 2007
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              A zoom on China
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Primary Energy Demand in China – A view by Woodmac 
Coal will grow till 2030 – Increase of Nuclear and Renewables

Source: Woodmac
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Coal conversion processes in China

Source: IEA Coal 2024
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Reminder: Chinese Coal Demand Perspectives (Mtce)
IEA 2018 Central Scenario

Source: IEA WEO 2018
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Chinese monthly Coal Production 2017 – 2024
350 – 400 Mt per month in 2024 # 4,5 Gt for the year

Source: IEA Coal 2024
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Major Coal Production centers and 

Coal-fired power plants in China

Source: IEA WEO 2014
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Mongolia is the first Coal supplier of China
Flow of trucks from an extraction mine in the 
Gobi desert to the Chinese border (130 kms) 

Source: Figaro/Rentsendorj 

Bazarsukh/Reuters 2019
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Daqin Railway  

to Qinhuangdao Port

Shanxi, Shaanxi, Inner Mongolia… mines             

Qinhuangdao port export  to China South 

East Coast

# 1000 km electrified double track line

Train capacity +/- 20 000 t 

Up to 1,5Mt/day

Port throughput

up to 400 Mt ?

1st World Coal port   
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Coal and the U.S.

3
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U.S. Coal Resources and Reserves Pyramid (Billion Short 
Tons) updated at end 2024

11 Billion Short Tons

estimated  at end 2024

468 Billion Short 

Tons  estimated at 

end 2024

249 Billion Short Tons 

estimared at end 2024

Nota: 1 short ton = 0,907 ton
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U.S. Coal Demonstrated Reserves
Base (DRB) by Mining Method

Total = 468 Billion Short Tons  

estimated at end 2024 (325 

Billion Short Tons underground) 

vs 495 at end 2005

Nota: 1 short ton = 0,907 ton
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US Coal Resource Regions

Source: EIA 2025
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US Coal-fired Capacity & Generation 2018 – 2027
A regular decrease

Source: IEA Coal 2024
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Electricity Generation Costs 2022 – 2027
Coal Costs remain stabilized upon time vs Gas

Source: IEA Coal 2024



115 TPA Toolbox Energy Book 9 – Coal 

US Coal Production by Regions 2009 – 2027
A regular Decrease

Source: IEA Coal 2024
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US Coal Production by quality
Year 2022 = 594 Millions short tons

Source: US EIA Annual Coal Report 2023

Nota: 1 short ton = 0,907 ton
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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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